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Summary 
Brisbane City Council (BCC) has major legislative and mandated responsibilities in the 
planning and provision of water and sewerage services. It also has the discretion to act to 
further environmental and other non-mandated responsibilities, particularly in the area of 
water and catchment management. Marsden Jacob Associates (MJA) has been engaged by 
BCC’s Water Resources Branch to assist in the development and testing of a framework to 
assess the potential economic benefits and costs of individual integrated water management 
(IWM) investments and, ultimately, different portfolios of IWM projects. The report was partly 
funded the National Water Commission’s Integrated Resource Planning for Urban Water 
project. That project is undertaking research and developing a suite of tools to underpin 
improved integrated resource planning for urban water. 

This report summarises the development and application of an investment framework to guide 
and assess discretionary expenditure across the water cycle by local government. The 
framework and tool consider a broad scope of financial, environmental and social values 
within a single economic analysis approach. The investment framework should assist local 
governments to: 

 determine which types of investments are appropriate targets for discretionary 
investment, avoiding unnecessary investment in actions that are already required under 
other regulatory or commercial arrangements 

 determine which types of investments are likely to deliver greater net benefits to the 
community 

 determine which option provides the best value for money when multiple actions could 
be used to achieve a target. 

Much of the detailed background, contextual and technical information that underpins the 
investment framework is outlined in the companion document Integrated water management 
investment framework: background, context and technical information. The purpose of the 
framework of questions and model developed here is to complement, enhance and draw 
together existing robust IWM planning processes and other issue-specific planning 
processes, such as water supply planning. The objective is to provide a framework for 
determining the desirability and priority of investments and other actions to promote 
objectives that have the support of ratepayers and the broader community but which are 
discretionary rather than mandated. The objective of the investment framework is to provide a 
set of fundamental questions or checkpoints that decision makers can progress through in 
determining the desirability and priority of relevant investments and actions. Thus, the 
framework sets out a series of policy, institutional and economic assessment processes 
(outlined in Figure 1) to a point where discretionary investment will be efficient. This is done 
by: 

 assessing whether the objectives of a proposed project are already achieved or could be 
more effectively and efficiently pursued by other policies or institutional arrangements 

 undertaking higher level assessment of the financial, environmental and social benefits 
and costs of potential investments (at a broader city or catchment-wide scale) 

 undertaking an assessment of the cost-effectiveness of alternative projects (at a 
catchment or project scale) to determine the most efficient means of achieving the 
objective. 

The recent restructuring of the south-east Queensland water industry has removed the 
responsibility for water supply and sewage from the Brisbane City Council to a series of 
government-owned entities. The reports used for Cabbage Tree Creek (CTC) reflect the 
integrated planning for this catchment prior to that restructure. As such the CTC plan 
reviewed in this case study is not current and may not reflect current policy. It is not felt that 
this detracts from the relevance of this report for integrated water planners. 
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Figure 1: Investment framework for discretionary investment overview 

Policy and institutional assessment—is project appropriate for 
discretionary investment? 

Before economic assessment of potential projects and portfolios of projects is 
undertaken, assess whether the objectives of the projects would be adequately 
achieved through other existing measures (e.g. existing regulation, water supply 

strategies, commercial charters etc.). 

Are objectives already achieved 
efficiently by other policy or via 

other institutional arrangements? 

Yes. Project is 
not appropriate 
for discretionary 

investment. 

No. Proceed to Stage 1 
economic assessment. 

Stage 1 economic assessment: Do benefits exceed costs? Allocation between 
assets and regions (council or large catchment scale) 

Broad benefits and costs of interventions to improve asset condition are assessed to 
determine what assets should be priority assets, and potentially what sub catchments. 

Process considers economic estimates of financial, social and environmental benefits 
and costs. 

Stage 2 economic assessment: 
Cost-effective projects (catchment or project scale) 

Assessment of cost-effectiveness of projects in achieving improvements in 
condition for priority assets determined in Stage 1 economic assessment. Benefits 

are measured in physical units, and costs are measured in dollar values. 

The most cost-effective projects and portfolios are funded. 

Benefits exceed costs? 

No. Project is not 
appropriate for 
discretionary 
investment. 

Yes. Proceed to Stage 2 
economic assessment. 

Source: MJA. 
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Findings from the Cabbage Tree Creek case 
study 

The investment framework has been applied in a case study to an existing IWM catchment 
plan for Cabbage Tree Creek in Brisbane. While the case study used throughput this report is 
a Brisbane-specific study, the approach and modelling used are sufficiently generic for 
application by councils throughout Australia. Key findings from the case study include the 
following: 

 The Cabbage Tree Creek Plan (CTC Plan) includes a number of potential investments 
that are not appropriate for discretionary funding because they are already subject to 
other regulatory tools, planning strategies and service standards. This includes water 
sensitive urban design in greenfield developments.  

 The CTC Plan includes a significant investment in alternative water supplies, but the cost 
of those supplies was generally higher than the cost of water grid augmentations.  

 The majority of the benefits that flow from appropriate discretionary IWM investments are 
non-market in value, particularly community values relating to environmental protection 
and social values, in particular recreation. Those benefits would not be realised without 
government intervention, as there are insufficient private incentives for individuals or 
businesses to undertake required actions. 

The economic assessment of two portfolios of projects is summarised below. The investment 
framework portfolio of projects excludes those projects from the CTC Plan that are not 
deemed appropriate for discretionary investment. 

Table 1: Benefits and cost of alternative investments, BCC CTC Plan and investment 
framework portfolios 

Benefits and costs  Present value ($ million) 

CTC Plan portfolio of projects Investment framework portfolio 
of projects 

Water supply investments   

Benefits 19.0 n.a. 

Costs 28.6 n.a. 

Net benefits –9.6 n.a. 

Benefit–cost ratio 0.67 n.a. 

Waterway health   

Benefits 17.5 10.6 

Costs 14.3 8.6 

Net benefits 3.2 2.0 

Benefit–cost ratio 1.22 1.23 

Source: MJA. 

Economic analysis of the alternative water supplies featured in the CTC Plan found that the 
economic costs exceeded the economic benefits (water supply, avoided restrictions and 
water quality improvements). This is largely because the supply benefits are essentially 
capped at the cost of water from the grid (around $2.80/kL), while alternative supply options 
are significantly more costly. However, this should not be interpreted as a general finding for 
all alternative supplies, as many may be economically viable under different circumstances. 

Economic analysis suggests houses which experience inundation more frequently than 1 in 
20 years would on average receive a &80,000 private benefit from the mitigation of material 
flooding. To develop an economically efficient response for these flood-affected properties, 
more detailed exploration of the cost and effectiveness of alternative initiatives (such as 
addressing information gaps in the property market) is required. The investigation should also 
consider past market distortions and the social equity issues they may have caused. 
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The analysis shows that the area of investments that is most likely to provide net benefits to 
society is waterway health (waterways and the bay). This finding will assist BCC’s Water 
Resources Branch in prioritising investments and activities, as the scope of investments and 
activities considered previously was very broad and included potential overlap with other 
policies and institutional arrangements. 

Stage 2 of the economic assessment considers the cost-effectiveness of different projects in 
achieving objectives in the CTC Plan that are likely to provide net economic benefits to 
society. Key findings for the cost-effectiveness assessments include the following: 

 The most cost-effective means to reduce sediment and nutrient loads is likely to be 
investing in land management practices (such as gully erosion management) in rural 
zones of the catchment, often outside BCC’s boundaries. However, this was given 
limited consideration in the development of the CTC Plan. It should be noted that a major 
survey of BCC ratepayers found that 78% were broadly supportive of investing in water 
quality improvement outside Brisbane’s boundaries, if it is more effective. While this is 
not a realistic option for Cabbage Tree Creek due to its location within the region, this 
approach to investment warrants serious consideration for other Brisbane catchments 
and to achieve broader regional outcomes. 

 Rural land management has the potential to also provide the most cost-effective actions 
to address other issues, particularly nutrient load reductions (up to 13 times more cost-
effective than the next best option). 

 A second tranche of investments and actions becomes relevant once rural land 
management options are exhausted. Depending on target loads, a mix of actions would 
be required, including streambank rehabilitation in urban areas and retrofitting water 
sensitive urban design. 

The Cabbage Tree Creek case study provides an example of the potential benefits to be 
gained from the discipline of being forced to answer the simple questions posed in the 
investment framework. The benefits are policy- and budget-relevant insights and directions 
that offer the potential to address IWM and other environmental objectives much more cost-
effectively. 
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1 Introduction 

1.2 Background 

As the largest and one of the fastest growing local government areas in Australia, Brisbane 
City Council (BCC) faces a major and complex task of integrated water management (IWM). 

In addition, south-east Queensland (SEQ) is undergoing major change in institutional and 
governance arrangements for water service provision that will have a significant impact on the 
rationale, benefits and costs of investments by BCC across some aspects of the water cycle, 
particularly alternative sources of water. 

Historically, investments in IWM have not necessarily been assessed in a consistent manner. 
As a result, investment in the water cycle has not focused on benefits realised across the 
overall water cycle management spectrum; nor has it necessarily managed for the potential 
unintended consequences that investments in one component of the water cycle can have for 
other components. In short, investment has not been entirely efficient in the past. 

While much of the expenditure undertaken across the water cycle is required to meet relevant 
service charters and legislative requirements, particularly for service delivery (for example, 
urban water supply), and to meet health requirements (such as the supply of safe urban 
water) and licensed emissions standards (for example, under licences for sewage treatment 
plants), there are still a large number of projects ‘at the margin’ that could be undertaken if 
their respective benefits exceed costs and funding is available. 

For BCC, these projects have an annual budget of more than $70 million and are the key 
focus for this project. In addition, there may also be residual impacts from other policies (such 
as urban design) that may be more efficiently managed through direct investment. Table 2 
outlines BCC’s IWM budget. 

Table 2: BCC integrated water management budget 2008–09 to 2011–12 

Annual budget ($ millions) 

2008–09 2009–10 2010–11 2011–12 

73.4 71.0 71.5 71.2 

Source: Brisbane City Council 2008–09 Budget. 

The IWM budget is allocated across a wide range of functions and on-ground programs, 
including: 

 technical modelling and analysis to underpin management across the water cycle 

 policy and program design 

 flood mitigation and management activities 

 monitoring and enhancement of waterways health 

 funding programs for rainwater tanks 

 provision and maintenance of other related social and economic infrastructure, such as 
wharves and pontoons. 

1.3 Purpose 

The underlying objective of this project is to develop and trial an investment framework that 
improves the assessment of alternative portfolios of projects that are intended to enhance 
outcomes for the community and business. The framework is developed within existing data 
and resource constraints. 

It provides a workable solution that enhances the toolbox of available decision-support 
systems. 
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The framework explicitly and systematically considers the economic, social and 
environmental impacts of alternative investments across the water cycle. 

The key outputs of this project are: 

 an economic assessment framework to undertake evaluations of IWM projects, which 
considers environmental, social and economic impacts in a consistent manner to 
determine an efficient set of projects and programs 

 the trialling of the framework through its application to a case study—IWM in Cabbage 
Tree Creek in Brisbane and compare it to CTC Plan which was developed using a multi-
criteria analysis methodology 

 the development and provision of a prototype excel model of the framework, designed for 
ease of use by officers with limited experience in applied economic and financial analysis 
(such as program managers and modellers). 

The economic assessment component of the investment framework is a three-stage process 
(one involving an institutional filtering process and two economic assessment stages): 

 Before any economic assessment is undertaken, an institutional filtering process is 
undertaken to ensure that the objectives of the particular investment are not already 
being achieved via another policy, regulation, process etc. 

 A Stage 1 economic assessment considers the broad benefits and costs of investment in 
alternative IWM priorities, programs and projects at the catchment scale. This stage of 
the framework can be used to allocate budgets across competing priorities and sub-
regions (such as catchments), and potentially across multiple years (for example, a 
forward works program). 

 A Stage 2 economic assessment assesses individual programs and projects based on 
their contribution to achieving targets (such as sediment load targets) and the actual 
project costs. Assessment of projects is undertaken using cost-effectiveness analysis, 
and individual projects are selected based on their relative cost-effectiveness in 
achieving targets. 

The framework provides a linkage between council planning of ICM projects and regional 
supply–demand planning (for example, through programs and projects providing alternative 
sources of water supply). The framework is also being designed with a larger potential 
audience in mind, and this will allow for a level of transferability to other locations where 
council and water utilities are jointly assessing ICM projects that could meet both their goals. 

It should be noted that the framework and subsequent model have been specifically designed 
to be applied more generically (that is, by other councils and catchments). Applying the 
framework and model in other catchments should be achievable for most IWM professionals 
in councils across Australia. 

1.4 Report structure 

The remainder of this report is structured as follows: 

 Section 2 provides an overview of the investment framework. 

 Section 3 provides an overview of the case study catchment—Cabbage Tree Creek in 
Brisbane. 

 Section 4 applies the policy and institutional assessment component of the investment 
framework to Cabbage Tree Creek 

 Section 5 applies Stage 1 of the investment framework economic assessment to 
Cabbage Tree Creek. 

 Section 6 applies Stage 2 of the investment framework economic assessment to 
Cabbage Tree Creek. 

 Section 7 summarises the key insights from this study. 
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1.5 Companion reports 

Much of the detailed background, contextual and technical information that underpins the 
development and application of the investment framework is outlined in the companion 
document Integrated water management investment framework: background, context and 
technical information. That report includes detailed information on: 

 the rationale for enhanced decision-making 

 the SEQ policy context for the investment framework 

 the investment framework parameters and issues 

 an overview of non-market valuations. 

In addition to the main companion document, there is also a user’s manual for the investment 
framework model, which outlines procedures for calibrating the model parameters to other 
catchments and how to use the model for assessments of IWM investments. 
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2 Investment framework overview 
The nature of the water cycle and the recognised challenges for IWM create a need for a 
robust framework to enhance decision making. Good decision-making requires an analytical 
framework that provides sound and practical advice to decision makers. 

IWM issues are complex; they involve multiple considerations and significant uncertainty 
about the impacts of projects, the values associated with change, and whether resources are 
adequate to meet all of society’s expectations. This results in the need to consider trade-offs 
and seek cost-effective solutions. 

Given these challenges and the need for good governance in IWM decision making, there is a 
need for an investment framework that: 

 informs management decisions in a consistent, repeatable and transparent manner 

 is theoretically robust and has been tested in practical application 

 has decision rules to select and compare projects 

 can provide quantitative assessments of individual projects and suites of projects and 
can assess trade-offs, including their environmental, social and economic dimensions 

 can assess projects of different scales and temporal dimensions in a consistent manner 

 is consistent with principles of economic efficiency and enables prioritisation within 
budget constraints 

 assists in identifying where distributional or equity impacts may occur. 

This investment framework has been developed to meet the above criteria and to provide a 
valuable tool to complement other tools utilised by IWM policies and programs to enhance 
investment. It has also been developed in response to the (perceived and/or real) deficiencies 
in other assessment approaches, such as multi-criteria analysis. 

These issues are discussed further in Section 1 of the companion document. 

2.1 Appropriate role for the investment 
framework—discretionary investments 

The most appropriate role for the application of this investment framework is for individual 
projects and portfolios of projects: 

 where change is desired beyond that already required under existing regulation or policy, 
but where it would be inefficient to implement further or stricter regulation across all of 
the community 

 where there is a need to select between alternative options to meet specific policy goals 
or service targets

1
 

 where direct investment may be more efficient than alternative interventions. 

The role of direct investment in IWM and the investment framework is to complement other 
legislative and policy tools and achieve desired outcomes in an efficient manner. Where other 
legislative and policy tools already deliver efficient outcomes, there is no realistic role for the 
investment framework or discretionary investment guided by the framework. This is shown in 
Figure 2. 

                                                 
1
 Note that the generic nature of the investment framework and model means the framework is not an 

appropriate tool for selecting between alternative major projects, such as a dam versus a desalination 
plant. Projects of that scale should be assessed using significantly more detailed analysis. 
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Figure 2: Investment framework to complement existing interventions 

 

Existing regulatory interventions 
 

Key regulatory tools, including 
statutory planning and planning 

requirements. 
 

Investment 
framework 

 
Fund actions above 
regulated standard. 

 
Meet minimum 

requirements in an 
efficient manner. 

Existing policy interventions 
 

Key policy tools, including pricing, 
infrastructure augmentations and 
other values. 
Benefits attributable to project, such 
as: 
1 enhanced recreational 

opportunities within catchment 
(e.g. picnicking, fishing) 

2 enhanced waterway health 
3 enhanced biodiversity 
4 enhanced ecosystem function 

Costs attributable to project such as: 
5 restricted access, demand 

management and community 
programs. 

Source: MJA. 

Constraining the role of the investment framework provides a number of advantages, 
including the following: 

 It constrains the types of projects assessed to those that have not already been (or 
should have been) subject to more detailed assessment than that possible using a 
generic framework. 

 It constrains assessments to issues that are compatible with current policy, institutional 
and administrative arrangements. 

 It is likely to provide sufficiently robust information for decision makers (given data and 
information constraints) and provides a step-forward from current decision-support tools. 

The appropriate role of the investment framework and the policy context for SEQ, where the 
case study is applied, are outlined in detail in Section 2 of the companion document. 

2.2 Investment framework overview 

The investment framework is designed to walk decision makers through a series of policy, 
institutional and economic assessment processes (outlined in Figure 1 in the Summary 
section of this paper) to a point where discretionary investment will be efficient. This is done 
via: 

 Policy and institutional assessment: assessing whether the objectives of a proposed 
project are already achieved via other policies or institutional arrangements 

 Stage 1 economic assessment: Undertaking higher level assessment of the financial, 
environmental and social benefits and costs of potential investments such as alternative 
water supplies or stormwater management (at a broader city or catchment-wide scale) 
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 Stage 2 economic assessment: Undertaking an assessment of the cost-effectiveness of 
alternative projects (at a catchment or project scale) to determine the most efficient 
means of achieving the objective. 

2.3 Policy and institutional assessment 

It is vital to first consider potential discretionary investment in IWM within the existing policy 
and institutional setting. This is important because the objectives or outcomes to be achieved 
by a proposed investment (such as alternative water supplies) may already be managed and 
delivered in an efficient manner via other policies, regulations, commercial charters etc. 

This phase of the investment framework is essentially a filter applied to all potential 
investments to ensure that projects that unnecessarily duplicate other policy initiatives are not 
funded. 

This phase requires some expert knowledge of relevant policy, institutional and commercial 
arrangements and is implemented through the consideration of a simple question: Are 
objectives already achieved efficiently by other policy or via other institutional arrangements? 

If the answer is ‘yes’, then it is not appropriate to spend further discretionary funding on the 
initiative. 

If the answer is ‘no’, then the policy objective is not likely to be achieved in the absence of 
some intervention and discretionary investment may be appropriate. These projects should 
then be subject to Stage 1 of the economic assessment. 

A simple example would be the consideration of investment by council in water sensitive 
urban design (WSUD) in new developments in Brisbane to enhance water quality in 
waterways. Because WSUD is to be a mandatory requirement under the Environmental 
Protection Plan for Healthy Waters, it would not be appropriate for council to invest 
discretionary funding in WSUD in new developments. 

2.4 Stage 1 economic assessment: assessment 
of benefits and costs 

IWM is very broad, and any investment framework and model must assess a wide range of 
environmental, social and economic/financial benefits and costs relating to a broad range of 
priority objectives, such as: 

 achieving a reliable and safe water supply 

 maintaining water quality 

 maintaining waterway health 

 mitigating material risks of flooding to property and lives 

 maintaining recreation in and around inland waterways and the marine environment. 

These objectives are typically identified through the initial phases of IWM planning and have a 
range of potential direct and indirect financial and other values. 

Figure 3 illustrates the range of benefits and costs that would be within the investment 
framework’s scope if data were available (including examples). It also shows how those 
values are incorporated into the framework. It should also be noted that particular care is 
needed when assessing benefits and costs to avoid double counting. 

The degrees to which quantitative values can be included in the quantitative estimates used 
in the investment framework are determined by data limitations and the resources available to 
establish reasonable quantitative estimates. 
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Figure 3: Stage 1 economic assessment—basic scope and structure 

Direct financial 
values 

 
Revenues directly 
to beneficiaries 
from, for example: 
 charges 
 market 

premiums. 
 
 
 
 
 
Costs directly to 
proponents, such 
as: 
 capital costs 
 operating 

costs. 
 
 

Indirect financial 
values 

 
Financial benefits 
received by other 
parties, such as: 
 postponement 

of infrastructure 
augmentations 

 avoided 
treatment costs 

 lower fees and 
charges. 

 
Financial costs 
borne by other 
parties. 
 

Benefits 

Costs 

Financial analysis Extended economic analysis  

Other values 
 
Benefits attributable to the 
project, such as: 
 enhanced recreational 

opportunities within 
catchment (e.g. picnicking, 
fishing) 

 enhanced waterway health 
 enhanced biodiversity 
 enhanced ecosystem 

function. 
 
 
Costs attributable to the project, 
such as: 
 restricted access. 
 

 

 
 
 
 
 
 
 

Source: MJA. 

Typically, IWM planning involves the establishment of a portfolio of projects that are designed 
to enhance outcomes against multiple objectives (for example, a portfolio of investments in 
alternative water supply and land management projects to improve water supply reliability and 
improve waterway health). 

The benefits and cost of achieving IWM objectives should then be assessed in a relatively 
straightforward benefit–cost analysis framework, in which benefits and costs of projects or 
portfolios of projects over time are aggregated and discounted back to present value terms. 
This would be achieved through a series of steps: 

 Identify project/s. The first step is to identify the suite of potential projects that would be 
consistent with achieving the objectives outlined in the IWM planning process. For 
example, a number of projects may be identified to achieve enhanced water quality, such 
as WSUD or streambank rehabilitation. This information should be readily available from 
existing planning processes. 

 Assess broad impacts of projects. The next step is to broadly identify the financial, 
environmental and social impacts of potential projects. This would be informed by 
information already developed for the IWM planning process, in previous analyses (for 
example, water quality modelling) and through consultation. 

 Value impacts. The next step is to assign economic estimates of the value of impacts. In 
most cases, direct financial costs and benefits may be known, while values from other 
studies may be required for other benefits and costs. A discussion of establishing 
economic values and an overview of non-market valuations is provided in sections 3 and 
4 of the companion document. 

 Assess net benefits at the catchment scale or for alternative portfolios of interventions. 
The net benefits of achieving an objective should then be assessed in a typical benefit–
cost analysis framework. Both benefits and costs will be assessed over time and 
discounted at an appropriate rate. Two decision rules will be considered: 
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 If the net present value of discounted net benefits is negative (< $0), the project 
should be rejected because the cost to the community of implementing the project 
would be greater than the likely benefits. 

 To enable the comparison of projects and programs of different sizes or investment to 
achieve competing objectives, the benefit–cost ratios (BCRs) of projects should be 
calculated and projects should be sorted based on those ratios (best to worst). 

The assessment completed at this step provides a filter to reject projects that do not deliver 
net benefits to society. Importantly, it also provides an initial basis for the prioritisation of 
project types based on their relative benefit–cost ratios. Only potential projects that provide a 
net benefit to society should proceed to Stage 2 economic assessments. 

Assessments across priority issues and/or catchments 

One of the core principles of public finance is the focus on the costs and benefits of changes 
‘at the margin’. The basic benefit–cost analysis approach outlined in this section and any 
modelling undertaken can be modified to allocate budgets at the margin across alternative 
portfolios of projects to: 

 compare portfolios of projects aimed at achieving different objectives (such as water 
supply or flood risk mitigation) 

and/or 

 compare portfolios of projects aimed at achieving objectives in different catchments (for 
example, Cabbage Tree Creek and Bulimba catchments in Brisbane). 

This would be achieved by identifying and assessing the impacts of different portfolios of 
projects and then comparing the net benefits of the alternative portfolios. Through the 
adjustment of the projects included in alternative portfolios, the economic trade-offs can be 
assessed and a portfolio of projects that maximises the net benefits to the community, given a 
particular budget constraint, can be established. In the Cabbage Tree Creek case study, 
alternative portfolios aimed at achieving different objectives are assessed (see Section 6).

2
 

Allocation of discretionary investment budgets 

Through the process used for the assessment of priority issues or catchments, indicative 
budgetary allocations could be established against priority IWM issues and/or catchments. 
This would be done through establishing alternative portfolios of discretionary investment over 
a defined period (for example, a five-year budget cycle) where discretionary expenditure is 
constrained to funds available through the budget process. This will be possible once key 
objectives have been defined for all of BCC’s major catchments. 

2.5 Stage 2: Cost-effective projects (catchment 
or project scale) 

While Stage 1 of the economic assessment will establish priority investments by type (water 
supply, water quality etc.) and potentially catchment, Stage 2 of the assessment is designed 
to assess the cost-effectiveness of individual programs and projects in achieving priority 
objectives. This simplifies the assessment of projects significantly.

3
 

This section outlines the process to be used for the assessment of individual programs and 
projects, specifically: 

 assessing physical changes against targets/priorities 

 assessing the cost-effectiveness of individual projects. 

                                                 
2
 The case study has not assessed alternative portfolios between catchments. 

3
 This approach is also consistent with feedback received on an earlier version of this paper. 
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This process is entirely consistent with approaches adopted across much of the local 
government sector for comparing the relative efficiency of alternative projects that could 
provide similar outcomes. 

Using this approach: 

 the benefits of projects would be measured and compared based on biophysical units 
(for example, change in sediment loads), determined by the physical assessments 
undertaken 

 projects would be compared on the basis of their relative cost-effectiveness in achieving 
targets (such as the reduction in tonnes of sediment, divided by project costs) 

 projects that provide the most cost-effective change in priority outcomes would be funded 
in a descending order (based on cost-effectiveness) until the available budget is 
exhausted. 

This type of approach is becoming increasingly common for funding natural resource 
management via market-based instruments (O’Connor 2008). While this approach would be 
efficient in selecting between projects that seek the same outputs (such as reductions in 
sediment loads), it has limitations, including the following: 

 The benefits of different IWM projects would be measured in different units, comparisons 
between projects that deliver different outputs cannot readily be compared without 
making assumptions about the relative values or trade-offs between benefit types. Where 
assumptions need to be made, they must be fully documented. As far as possible, any 
trade-offs will be informed by the broader consideration of relative benefits from Stage 1 
of the framework. 

 The approach can compare projects, but unlike benefit–cost analysis, it does not have an 
absolute decision rule for individual projects (that is, if net present value is >$0, the 
project will provide net benefits). However, the consideration of broader benefits and 
costs as part of Stage 1 of the framework should overcome this limitation. 

The steps required to undertake Stage 2 of the investment framework are relatively familiar to 
most professionals involved in IWM planning and investment. Briefly, they are: 

 Physical assessment of individual and grouped projects. For each project (or suite of 
projects), using existing physical analysis (such as from MUSIC), determine the 
contribution of programs or projects to predetermined priority targets (specified in 
appropriate units, such as sediment concentrations or volumes of water supplied). 

 Cost-effectiveness assessment and sensitivity analysis. Assess the net present value of 
investment required to implement the project. Determine the relative cost-effectiveness 
of each project (for example, $/kL) and prioritise based on cost-effectiveness. Based on 
the assessment of uncertainty in the efficacy (represented by the range of values) of 
projects, determine whether the relative cost-effectiveness and recommendation of 
projects changes. Where the ordering of projects does not change, the identified priority 
projects should be superior. Where the ordering of projects does change based on the 
range of data available, more analysis of the sensitivity of results to changes in values 
used or assumptions may be required. 

 Make final recommendations. Based on the outcomes of the previous steps in Stage 2, 
make recommendations on which projects provide the greatest return for investment and 
highlight any distributional consequences. All assumptions and the outcomes from the 
sensitivity analysis should also be documented. 

2.6 The fit of the investment framework within 
existing IWM planning processes 

The investment framework fits well with the broader general process outlined for IWM 
planning outlined by the Institute for Sustainable Futures and with the IWC planning process 
used in developing the CTC plan. The investment framework and model contribute 
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information to inform decision making at several points through the planning process (from 
analysing the situation to reviewing implementation). 

Importantly, this investment framework enables economic assessments of discretionary 
investments in alternative water supplies (rainwater tanks, stormwater harvesting etc.) and 
therefore directly contributes to the analysis of supply- and demand-management 
investments. However, more importantly, the framework specifically addresses broader social 
values (water quality, waterway health, recreational amenity etc.) that are often not well 
incorporated into quantitative assessments of IWM options. 

Table 3 shows where the investment framework would inform and contribute to each of the 
planning approaches. 

Table 3: Alignment of Institute for Sustainable Futures’ IRP framework, BCC’s integrated 
water cycle planning approach used for CTC 

IRP framework BCC IWC planning approach Investment framework and 
model inputs 

Step 1: 
Plan the overall process 

1. Local integrated water cycle 
planning processes. 

 

Step 2: 
Analyse the situation 

1. Water For Today and Tomorrow 
(WFTT)—Integrated Water Strategy 
for Brisbane. 

2. WFTT strategies: assumptions/ 
obligations; strategic actions; citywide 
objectives and targets. 

3. Area characteristics/opportunities 
and constraints mapping. 

1. Assess regulations and 
policies to determine 
appropriate role for framework 
application. 

2. Information on net 
economic benefits from 
Stage 1 of framework to 
inform city-wide objectives and 
target establishment. 

Step 3: 
Develop the response 

1. Identify IWC options. 

2. Develop IWC scenarios. 

3. Develop local IWC options and 
scenarios. 

4 Options and scenarios: assess 
against citywide objectives and 
targets. 

5. Optimise IWC scenarios for study 
area. 

6. Finalise local integrated water 
cycle plan. 

1. Stage 1 of investment 
framework and model to 
inform prioritisation of 
investment and actions across 
catchments. 

2. Stage 2 of assessment 
applied to scenarios and/or 
specific projects within local 
catchments to rank 
investments. 

Step 4: 
Implement the response 

1. Integrate local integrated water 
cycle plan into BCC five-year 
investment plans. 

2. Approval for investment through 
BCC Budget process. 

1. Ranking of scenarios and/or 
projects from Stage 2 provides 
basis for BCC five-year 
investment plans. 

Step 5: 
Monitor, evaluate and 
review 

1. WFTT planning process (two- and 
four-yearly review). 

2. Local waterway assessment 
process. 

3. Master planning for asset classes 
as necessary (e.g. water and 
sewerage). 

1. Review of efficacy and cost-
effectiveness of responses 
informs enhancement of 
investment framework and 
model for future application. 

IWC = integrated water cycle. 

Source: BCC, IWC. 

To conduct the Phase 1 funding allocation, it is necessary to conduct some high-level 
research on the broad nature of costs and benefits of alternative projects within each 
category. It is also necessary to present some of the background profiling information. 
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3 Profile of Cabbage Tree Creek 
This and the following three sections summarise the application of the investment framework 
to Cabbage Tree Creek and the case study catchment for this project. 

Cabbage Tree Creek is in the northern suburbs of Brisbane (see Map 1). The catchment 
covers an area of approximately 4500 hectares, around 85% of which is within BCC 
boundaries, while 15% of the upstream area of the catchment is within the Moreton Bay 
Regional Council boundary. 

Map 1: Cabbage Tree Creek—location 

 

Source: Brisbane City Council 

Cabbage Tree Creek has a mix of land uses: 39% low- and medium-density residential; 25% 
open space (including environmental protection), consisting of more than 75 parks and open 
spaces; 14% special use or industrial land; and 22% identified for future population needs 
(primarily residential). 

The Cabbage Tree Creek population was estimated at around 52 000 residents in 2004, and 
is expected to increase to around 60 000 by 2026 (BCC 2007a). 

3.1 Overview of current condition and trend 

During 2007 and 2008, BCC undertook a major integrated planning project for Cabbage Tree 
Creek. This section outlines some of the key resource condition and trend information from 
that planning process.

4
 To be consistent with BCC’s current approach to IWM planning, that 

information has been separated into water supply and use issues, and issues relating to 
waterway health (rivers and bay). 

Water supply and use 

Existing water supply networks have sufficient capacity to meet current and projected future 
demand. Residential use (all residential uses) accounts for around 84% of total potable water 
use, commercial and industrial use account for approximately 9%, and rural use is >1%. 

                                                 
4
 For a comprehensive overview of the Cabbage Tree Creek catchment and water management issues 

in the catchment, see BCC (2007b). 
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BCC metering data indicates that there are approximately 25 700 connections in the suburbs 
that broadly align with the Cabbage Tree Creek catchment boundary, with an average daily 
use of around 340 litres per account. Variance in the daily average consumption between the 
suburbs extends to 420 litres per day.

5
 

An estimated 82 hectares of the catchment is irrigated, primarily for education and sports 
facilities. Of the estimated 512 ML used for irrigation in 2005–06, only 9% was from potable 
supplies; the remainder was sourced from groundwater and other licence arrangements. 

Like SEQ residents, water users in Cabbage Tree Creek have been operating under 
increasingly tighter water restrictions since 2005. The restrictions have had a significant 
impact on water use and have also triggered private and public investment in local water 
supply alternatives (such as rainwater tanks) and other hard demand-management options 
(such as water-efficient appliances). 

Waterway health—rivers and bay 

Waterway health has been identified as a major issue in Cabbage Tree Creek, and there is a 
major emphasis placed on the assessment of waterway health in SEQ. The monitoring and 
assessment of waterway health is systematically undertaken through the Ecosystem Health 
Monitoring Program (EHMP). The EHMP is a comprehensive marine, estuarine and 
freshwater monitoring program that provides an assessment of the ambient ecosystem health 
for SEQ catchments, 18 river estuaries, and Moreton Bay. 

The EHMP is designed to measure ecosystem health—the ability of an ecosystem to be 
productive while maintaining its biological diversity and its resilience to change (EHMP 2008). 
It should be noted that the assessments undertaken through the EHMP are based purely on 
physical values, and changes in assessment values do not directly correlate to changes in 
benefits derived by the community. The issues noted above all have impacts on estuarine and 
marine ecosystem health and function. The program’s 2007 report card (Healthy Waterways 
2007) and subsequent report cards indicated the following: 

 The freshwater system in the Lower Brisbane catchment (of which Cabbage Tree Creek 
is a subcatchment) is generally in poor health. The 2008 report card indicated an overall 
‘F’ grade (no change from 2007). In effect, many ecosystem processes are not functional 
and many critical habitats are severely affected. However, the middle to upper Cabbage 
Tree Creek catchments currently exhibit good to very good water quality and provide a 
high range of ecosystem services (BCC 2007b). 

 The Cabbage Tree Creek estuarine system is generally in poor condition: the 2008 
report card indicated an overall ‘D—poor’ grade (an improvement on 2007). Specifically, 
nitrogen levels have been identified as a key issue. In effect, many ecosystem processes 
are not functional and many critical habitats are severely affected. 

 The Cabbage Tree Creek catchment flows into Bramble Bay, which is in relatively poor 
condition (‘C—fair’) but is generally improving in response to management actions. 

There is significant variation in the health of waterways across the Cabbage Tree Creek 
catchment. This is outlined in Table 4, which shows a subcatchment breakdown of the 
catchment’s Healthy Waterways report card. 

A number of specific issues identified in the planning process, if managed, should enhance 
waterway health in Cabbage Tree Creek, including: 

 Wastewater management. Sewage treatment within the catchment is provided by the 
recently upgraded Sandgate sewage treatment plant. However, nitrogen levels in the 
catchment are still higher than recommended levels. 

 Stormwater management and flood risk. Some areas of the catchment are subject to 
nuisance (low-level) flooding risks. 

                                                 
5
 BCC, 2009, quarterly meter data. 
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 Riparian corridors and their condition. There is significant variation in the condition of 
riparian zones throughout the catchment. The average riparian condition is described as 
‘moderate’. Of the areas surveyed, most riparian vegetation corridors are less than 
10 metres wide, which is largely a reflection of previous land uses (primarily grazing). 
The riparian corridors generally lack continuity, constraining corridor values.

6
 

 Wetlands. The Cabbage Tree Creek catchment includes Boondall (intertidal exchange) 
and a number of freshwater wetland systems (Dowse Lagoon, Deagon Wetlands and 
Third Lagoon). Boondall Wetlands in particular has major conservation significance as a 
Ramsar wetland and is subject to significant proactive management activity. 

 Soils and soil erosion. Previous research indicates that there are areas where soil 
erosion creates a risk to water quality. The risk is largely a function of dominant soil 
types, topography, and previous and current land uses. In addition, acid sulphate soils 
are present, particularly in the lower catchment of Cabbage Tree Creek (BCC 2007b). 

Table 4: Cabbage Tree Creek subcatchment Healthy Waterways report card 
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Source: BCC, 2007, Cabbage Tree Creek Local Integrated Water Cycle Plan: technical report. 

                                                 
6
 WHA, 2002, referenced in BCC catchment study, but not in full. 
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Aspirational goals for Cabbage Tree Creek 

In response to the whole-of-water-cycle issues identified during the planning process, a 
number of regionally specific aspirational goals have been identified (BCC 2007a). The goals 
(shown in Map 2) were also identified through technical analysis and consultation. 

The goals have led to specific planning and investment in recent years within the Cabbage 
Tree Creek catchment. Priority issues identified for action include: 

 projects to enhance water quality outcomes and the health of Boondall Wetlands through 
reductions in sediment and nutrient load (including WSUD in greenfield development 
and, in some cases, retrofitting in identified high-risk areas) 

 projects to provide alternative and complementary water supplies to Brisbane’s 
traditional sources (this includes potential investments in groundwater use, stormwater 
harvesting and rainwater tanks) 

 projects to rehabilitate highly degraded areas of the creek system 

 projects and programs to change behaviour, enhance community understanding and 
underpin on-ground actions or investments, including such initiatives as support for 
habitat groups and signage.
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Map 2: Cabbage Tree Creek—aspirational goals 

 

Source: Brisbane City Council 
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Table 5: Summary of key Cabbage Tree Creek natural assets, environmental services and potential projects 

Asset/service Description Significance Key risks Resilience
a
 Potential actions Effectiveness

b
 

Estuarine (inc. 
Boondall 
Wetlands) 

Major intertidal 
exchange 
wetland 

Very high Loads from change in land use affecting 
on water quality—nitrogen above 
recommended levels. 

Risk to ecosystem function. 

Mid WSUD (retrofit) 

Streambank rehabilitation 

Mid 

Mid 

Waterways (local) Variable across 
catchment 

High Land-use change, population change, 
erosion. 

Variable WSUD to reduce risks 

Streambank rehabilitation 

High 

High 

Recreation 75 parks, many 
adjacent to 
waterways 

High (locally) Drought, water quality and waterway 
health affecting recreational amenity. 

Variable Watering 

Riparian rehabilitation  

High 

High 

Water supply Alternative water 
supplies 

High Low, given recent investments. n.a. Rainwater tanks 

Stormwater harvesting 

Water mining 

n.a. 

Water quality 
(local) 

TSS, TN, TP, GP  Water quality in Boondall Wetlands and 
Gateway very poor (E); otherwise good 
(A). 

n.a. WSUD (refit—lot scale) 

WSUD (refit—precinct) 

Streambank rehabilitation 

Education 

Mid 

High 

Mid 

Mid 

Water quality 
(Bramble Bay) 

TSS, TN, TP, GP 
(key focus is 
sediment?) 

High Bramble Bay in relatively fair condition, 
but water quality affected by multiple 
catchments. 

n.a. WSUD (refit—lot scale) 

WSUD (refit—precinct) 

Streambank rehabilitation 

Education 

Low 

Mid 

Mid 

Mid 

Flood risk 
mitigation 

Low-lying areas 
can be flooded 

Low Some areas of Cabbage Tree Creek 
subject to nuisance flood risk. 

n.a. Information provision High 

WSUD = water sensitive urban design. 
a Resilience of asset condition without intervention. 
b Effectiveness in achieving material change. 
Source: MJA.
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3.2 Alternative portfolios of investments  

Based on the assessment of key water resource issues within Cabbage Tree Creek, a 
number of options were developed through the planning process. An initial screening of 
options largely based on a qualitative feasibility analysis was undertaken before four 
scenarios were established for detailed and quantitative assessment. The four scenarios form 
alternative portfolios of investments for assessment. 

Key projects and programs included in the shortlisted scenarios are outlined in Table 6. A tick 
indicates that the action was included in the scenario, while a cross indicates that it was 
excluded. Scenarios included: 

 Scenario 1. Business as usual. 

 Scenario 2. Intra-catchment activities. 

 Scenario 3a. Includes northern recycling scheme. 

 Scenario 3b. Includes western corridor recycling. 

Current programs that form the business-as-usual scenario included: 

 actions dictated by regulatory and service standards, including stormwater management; 
water and wastewater infrastructure and service operations (including charging); and 
flood mitigation and management 

 discretionary activities, such as education and engagement; research, monitoring and 
evaluation; and the enhancement of waterside recreational opportunities. 

Of additional actions being considered by BCC, the following should be noted: 

 Some actions, particularly the establishment of recycled water schemes, are decisions 
made at the SEQ scale. Future decisions and responsibilities for bulk supply options will 
not be the responsibility of BCC. 

 There are a number of proposed foundation and supporting actions have been identified 
(the shaded rows in Table 6). Those activities will not change the condition of waterways 
or water use, per se. However, they are often a precondition for actions that will result in 
water supply and waterway health outcomes. 

Table 6: Actions included in Cabbage Tree Creek IWM scenarios 

Actions included in scenario Scenario 

1 2 3a 3b 

Current programs     

Stormwater harvesting     

Water mining   X X 

Lot-scale WSUD     

Precinct-scale WSUD     

High-density rainwater harvesting     

Local target setting     

Local waterway health assessment study expansion     

Waterway management activities     

Boondall Wetlands recharge     

Education (residential and non-residential)     

Mountains to Mangroves promotion     

Signage assessment     

Sandgate included in northern recycling scheme  X  X 

S5 included in western corridor recycling scheme  X X  

WSUD = water sensitive urban design. Source: BCC (2007b). 
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4 Cabbage Tree Creek: policy and 
institutional assessment 
This section summarises the findings from the policy and institutional assessment of the 
investment framework applied to the portfolios of projects and programs outlined in Section 
3.2. For a detailed overview of the policy context within which the investment framework is 
applied in SEQ, see Section 2 of the companion document. 

4.1 Projects and programs proposed in Cabbage 
Tree Creek IWM Plan 

Major alternative water supply projects 

Major alternative water supply projects (Sandgate included in the northern recycling scheme 
and S5 included in the western corridor recycling scheme) should be considered and funded 
as part of the broader SEQ water supply strategy by the bulk water supply entities. Both of 
these projects are multimillion dollar investments. They need to be assessed against all other 
alternatives at the regional scale and should not be considered and financed as part of a 
localised planning process. In addition, the cost of these projects should be funded via 
efficient water pricing, not general rates expenditure. 

As part of the economic assessment of these large-scale projects, impacts on receiving 
waters should also be assessed and valued for all options being considered, wherever 
possible. This will ensure that a more comprehensive decision-making process is used and 
options that provide multiple benefits (i.e. water supply and waterway health) are not 
inadvertently disadvantaged in the investment appraisal. Where an option that delivers 
multiple benefits is not the preferred option from a narrower commercial assessment, but has 
higher net benefits overall, there may be a case for a community service obligation for the 
option that delivers multiple benefits. 

Local alternative water supply options 

A number of local alternative water supply options are outlined, such as stormwater 
harvesting, water mining and rainwater tanks. Applying the investment framework, 
discretionary funding should not generally be applied to these alternative water sources. 
Rainwater tanks are already a regulatory requirement for new dwellings under the 
Queensland Development Code. Efficient pricing and prevailing water restriction regimes 
provide enough private incentive to invest in rainwater tanks if the benefits are considered 
sufficient. Stormwater harvesting and water mining are currently being investigated by the 
Queensland Water Commission at an SEQ scale to determine whether any cost-effective 
options exist (that is, in which the cost of supply is less than the cost of water from the grid). 
Generally, stormwater harvesting is relatively expensive (at a levelised cost of around 
$3.40/kL for untreated supply and up to $10.80/kL for potable supply), indicating that those 
investments are not cost-effective. Even when the water quality benefits are incorporated, it is 
doubtful that the investments would be cost-effective, as they are not the most cost-effective 
means of reducing pollutant loads. 

However, there may be a localised case for BCC investment in either stormwater harvesting 
or water mining for untreated requirements (such as watering parks) if cost-effective localised 
options can be identified. 

Waterway enhancement 

Three distinct sets of activities contribute to waterway enhancement: 

 WSUD at both the lot and precinct scales 
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 direct investment in waterway rehabilitation (e.g. bank stabilisation, revegetation) 

 research and extension—that is, local target setting, local waterway health assessments, 
education (residential and non-residential), Mountains to Mangroves promotion, signage 
assessment. 

These activities are discussed in this section. Generally, all of the approaches outlined 
address market failure and issues that are not adequately addressed by regulation or the 
charters of corporatised water entities. 

Water sensitive urban design 

WSUD (particularly stormwater management) will be mandatory for greenfield development 
under the State Planning Policy for Healthy Waters. Because this will be a regulatory 
requirement, discretionary funding is not appropriate for WSUD in greenfield developments. 
Retrofitting WSUD is an appropriate target for funding, but only if it is more cost-effective than 
other measures designed to enhance waterway health. WSUD retrofitting in Cabbage Tree 
Creek is compared to direct investment in stream rehabilitation as part of the Stage 2 
assessments. 

Direct investment in stream rehabilitation 

Direct investment in stream rehabilitation is proposed for 23.99 kilometres of streams in 
Cabbage Tree Creek. The investment is designed to enhance waterway health to meet 
standards, primarily by rectifying damage from past development, and enhances 
environmental and social values. Direct investment in stream rehabilitation and maintenance 
is an appropriate target for direct investment, provided it is the most cost-effective approach 
to enhancing waterway health. 

Research and extension / coordination 

Research is vital to understand the impacts of development on environmental, economic and 
social values associated with waterway health and the effectiveness of policies and 
investments. However, it may be more cost-effective to coordinate this effort at the city-wide 
or even regional scale. Extension activities, such as education, and coordination of 
community effort are potentially cost-effective ways to reduce water use, reduce pressures on 
waterway health, and engage the community in voluntary activities to enhance waterway 
health. However, actions to reduce water consumption should be taken by water authorities 
as part of the broader demand-management agenda. 

Research and extension / coordination are appropriate targets for discretionary investment, 
provided investments are cost-effective. 

4.2 Summary of appropriate discretionary 
investments in Cabbage Tree Creek 

The application of the policy and institutional assessment component of the investment 
framework has found that many of the investments outlined in the Cabbage Tree Creek IWM 
Plan are not appropriate for discretionary investment because they are: 

 primarily the responsibility of water supply authorities 

 already required under regulatory arrangements, or 

 not cost-effective ways to achieve their stated objectives. 

The analysis of actions included in the Cabbage Tree Creek scenarios is summarised in 
Table 7. 
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Table 7: Actions from Cabbage Tree Creek IWM scenarios suitable for discretionary BCC 
investment 

Actions included in scenario Appropriate for 
discretionary 
investment 

Comments 

Stormwater harvesting Probably not Part of broader water supply strategy. 
Available evidence suggests that this is not 
a cost-effective source of supply. 

Water mining Probably not Part of broader water supply strategy. 
Available evidence suggests that this is not 
a cost-effective source of supply. 

Lot-scale WSUD—greenfield 
sites 

No Requirement under regulatory regime. 

Lot-scale WSUD—retrofit Maybe Only where it is the most cost-effective 
means to enhance waterway health. 

Precinct-scale WSUD—
greenfield 

No Requirement under regulatory regime. 

Precinct-scale WSUD—retrofit Maybe Only where it is the most cost-effective 
means to enhance waterway health. 

High-density rainwater 
harvesting—greenfield or 
retrofit 

No Part of broader water supply strategy 
through development requirements and 
demand-management promotion. 

Efficient pricing should provide the correct 
level of incentives to trigger efficient 
investment.  

Local target setting Yes Important foundational action. 

Local waterway health 
assessment study expansion 

Yes Important foundational action. 

Waterway management 
activities 

Yes Cost-effective investment needed to restore 
waterway health. 

Boondall Wetlands recharge Probably not Flow regimes to ensure recharge should be 
achieved through the water resource plan. 

Cost-effective investment may be needed to 
restore waterway health if water resource 
plan outcomes are insufficient. 

Education (residential and 
non-residential) 

Yes Important behaviour change action. 

Mountains to Mangroves 
promotion 

Yes Important foundational action. 

Signage assessment Yes Important foundational action. 

Sandgate included in northern 
recycling scheme 

No Part of broader water supply requirements if 
economically viable. 

S5 included in western corridor 
recycling scheme 

No Part of broader water supply requirements if 
economically viable. 

Source: MJA, based on BCC (2007b). 

The outcome from this analysis is that the scope of activities that are appropriate for 
discretionary investment is significantly narrower than the actions proposed in the CTC Plan. 
Appropriate actions are those to enhance waterway health, and potentially alternative water 
supplies to benefit public use (such as greening parks). These are assessed in the following 
section. 
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5 Cabbage Tree Creek: Stage 1 
economic assessment 
This section summarises the findings and comparisons of the application of the investment 
framework Stage 1 economic assessment to two alternative portfolios of projects: 

 The CTC Plan portfolio includes the projects and programs outlined in Scenario 2 of the 
Cabbage Tree Creek IWM Plan. It should be noted that all projects outlined in Scenario 2 
are included to demonstrate the impacts of not considering economic values when 
establishing IWM plans. 

 The investment framework portfolio, which includes only those projects from the CTC 
Plan portfolio that the framework establishes are appropriate for discretionary investment 
(determined in Section 4). 

First, the key unit values for benefits and costs associated with various objectives and 
projects are summarised. The values have been drawn from the available literature and also 
reflect some minor Brisbane-specific primary data collection (for non-market values) 
(DBM Consulting 2009). 

5.1 Estimated values of key benefits 

A number of benefits could accrue from BCC discretionary investment. Most relate to social 
and environmental values attributable to changes in waterway health, flooding, alternative 
water supply and avoiding future water restrictions. Estimates of unit rates for key economic 
benefits are outlined in this section. Many of the benefits are expressed as annual benefits 
per household. 

Key points to note about benefits are as follows: 

 Social and environmental benefits. Most of the benefits are diffuse and cannot be 
captured through market transactions (for example, the health of creeks and the 
greenness of parks). This reinforces the rationale for BCC investing to achieve these 
outcomes on behalf of the community. 

In addition, a general observation from the available data is that recreation opportunities 
(particularly relating to local creeks and parks, and Moreton Bay) feature very highly 
among community values. 

 Flood risk. Based on the social and environmental values, avoiding nuisance flood risk is 
a relatively lower order priority for Brisbane residents as a whole. However, for those 
people in flood risk areas, the private benefits of reducing the recurrence of material 
flooding are significant (refer table 8). The economic efficiency of negating private risk 
must be carefully considered, particularly because flood risk is probably already 
incorporated into property prices (householders accept the risk in return for lower 
purchase prices). An efficient approach may be to continue to address information 
asymmetry in the property market to ensure that new purchasers of property are aware 
of flood risks. Consideration of historical market distortions and the social equity issues is 
required. 

 Water and wastewater treatment. Some investments by BCC (such as retrofitting WSUD, 
or rehabilitating water supply catchments) could reduce treatment costs under the right 
policy environment (for example, where a water quality offsets policy is in place). 
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Table 8: Economic values of key benefits  

Benefit Estimated unit 
value 

Comments 

Water supply costs avoided Cost per kL  

Alternative water supplies 
(e.g. from stormwater 
harvesting) 

$2.80/kL
a
 Ballpark cost of next augmentation of 

mainstream supply provides a cap on the 
value of water from alternative supplies. 

Social and environmental 
values

b
 

Value of a 1% 
improvement 
($/household per 
year) 

 

Percentage of years without 
onset of restrictions  

$2.84 Note: Current level of service for SEQ water 
supply strategy is for major water restrictions 
no more than once every 50 years (i.e. level of 
service is for 2% probability). 

Percentage of public parks 
and gardens that are green 

$1.20 Indicates significant potential amenity value 
from ensuring that urban parks are green. 

Percentage of creeks and 
rivers that are healthy  

$1.16 Indicates significant benefits at the local scale. 

Percentage of creeks 
suitable for recreation  

$0.78 Benefits largely accrue to local residents. 

Percentage of Brisbane 
River suitable for recreation  

$0.42 Potentially indicates Brisbane River not 
considered important for primary recreation 
(e.g. swimming). 

Percentage of Moreton Bay 
that is healthy  

$1.14 Benefits accrue to broader population. 

Percentage of Moreton Bay 
suitable for recreation 
(swimming etc.) 

$1.70 Significant values attached to recreational 
opportunities in Moreton Bay. 

Percentage of years 
experiencing nuisance 
flooding 

$0.77 These benefits relate to the broader 
community, but benefits will be very high for 
at-risk properties. 

Protection of wetlands
c
 Household 

willingness to pay 
(once off) 
$/household 

 

Maintain wetland condition $14–$24 Original study was for a once-off hypothetical 
payment to maintain wetlands. 

Property flood risk avoided
d
 Estimated annual 

cost avoided (per 
at-risk household) 

 

Average return interval 
< 20 years 

 $4180  Benefits are based on estimates of potential 
increases in insurance premiums avoided. 

Average return interval 
20–50 years 

 $1310   

Average return interval 
50–100 years 

 $500   

Average return interval 
100–250 years 

 $60   

Water treatment costs 
avoided 

Benefit per year  

Reductions in water 
treatment chemical costs 
from enhanced catchment 
condition in the Lockyer

e
 

$275 000 This represents the reduction in chemical costs. 
Cabbage Tree Creek is downstream from the 
treatment plant, so these figures have not been 
used in the assessment. 
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Benefit Estimated unit 
value 

Comments 

Wastewater treatment costs 
avoided 

Annual benefit 
$/tonne 

 

Nutrients $190 000 – 
$860 000 

These benefits are based on potential point 
source treatment costs avoided. 

To realise these benefits from 
investments in diffuse 
pollution abatement 
(e.g. WSUD), this would 
require a water quality offsets 
policy. 

  

Because of lower certainty 
regarding effectiveness of 
investments in diffuse 
pollution abatement, benefits 
are likely to be at the lower 
end of the spectrum. 

  

  $80 000 – $ 600 000 See notes for nutrients 

Stream rehabilitation costs 
avoided

f
 

  

Stream rehabilitation costs 
potentially avoided 
(establishment and 
maintenance) 

$250/metre 

$25/metre/year 

This is based on the assumption that 
investments in stream rehabilitation are a priority 
and will actually occur (only likely for priority 
streams). 

a ABN – AMRO Morgans and MJA (2007). 
b DBM Consulting (2009). 
c Clouston (2002). 
d Andrew et al. (2008). 
e Weber T (2005). 
f MJA (2009). 
Source: MJA, based on various studies as cited. 

In summary, the analysis of economic studies indicates that the relative benefits of 
discretionary investment are probably greatest for projects that enhance recreation 
opportunities and address environmental degradation. 

5.2 Key costs 

Indicative costs of key investment types are shown in Table 9. The unit costs represent the 
values used in the Cabbage Tree Creek case study modelling. 

Key points to note include the following: 

 While there is significant variation on the cost of some projects depending on their 
application (for example, WSUD for a detached house versus WSUD for a townhouse), 
that does not indicate their cost-effectiveness. This is outlined in Section 6. 

 While the costs outlined for stormwater harvesting are high, projects are currently 
underway to investigate more cost-effective applications of stormwater harvesting in 
Brisbane. 
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Table 9: Indicative costs  

Cost Estimated unit 
values 

Comments 

Alternative water supplies—rainwater 
tanks

a
 

Cost per dwelling  

Detached house—capital cost $3000  

Detached house—annual operating 
cost 

$90  

Townhouse—capital cost $2500 25-townhouse development. 

Townhouse—annual operating cost  $90  

Flat—capital cost $250 Very large block of flats. 

Flat—annual operating costs $4  

Alternative water supplies—stormwater 
harvesting 

Annual levelised 
cost ($/kL) 

 

Non-potable uses
b
 $3.36/kL Based on 1300 ML per year 

scheme with potentially very high 
economies of scale. 

Note: Stormwater harvesting also 
has some water quality and 
waterway health benefits.  

Treated
c
 $10.80/kL This cost is at the high end of the 

spectrum. 

WSUD (stormwater focus, including 
bio-retention basins, detention basins, 
detention tanks)

d
 

Cost per dwelling  

Detached house—capital cost $4250  

Detached house—annual operating 
cost 

$35 Borne by council 

Townhouse—capital cost $1550  

Townhouse—annual operating cost  $12 Borne by council. 25 townhouse 
development 

WSUD (stormwater focus, including 
bio-retention basins, detention basins, 
detention tanks)

d
 

Cost per dwelling  

Flat—capital cost $430  

Flat—annual operating costs $3 Borne by council. Very large block of 
flats 

Stream rehabilitation costs
e
 Cost per km  

Capital $400 000  

Annual maintenance $8000  

a MJA (2007). 
b Hatt et al. (2004). Note: Homebush Bay non-potable example used. 
c NSWDEC (2006) 
d MJA, based on modelling undertaken for MJA (2007). 
e MJA (2009). 
Source: MJA, based on various studies as cited. 
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5.3 Economic performance of CTC Plan and 
investment framework portfolios of projects 

Using the investment framework modelling and all actions outlined in scenarios 2, 3a and 3b, 
but excluding S5 being included in recycled water schemes

7
, the economic benefits and costs 

of the actions over a 25-year period have been estimated. They have been separated into 
alternative water supply projects and waterway health projects. 

Alternative water supply investments 

The economic analysis of alternative water supply options is outlined in Table 10. Key points 
to note from the analysis are as follows: 

 CTC Plan. The investments in alternative water supplies proposed in the CTC Plan have 
a net cost to society of $9.6 million, indicating that discretionary investment in alternative 
water supplies by BCC is not justified. This is largely because the value of the water 
supply benefits is capped by the cost of accessing water from the grid. 

Even when the analysis is extended to consider environmental (enhanced water quality) 
and social (enhanced recreation) benefits, the benefits are still insufficient to justify the 
investment. 

 Investment framework portfolio. The portfolio does not include investment in stormwater 
harvesting because water supply is managed by other institutions and areas of BCC; nor 
does it include rainwater tanks in new developments, as this is a requirement under the 
Queensland Development Code. In addition, all alternative water supply options 
assessed were not cost-effective when compared to water from the grid. 

Table 10: Benefits and costs of alternative water supply investments: BCC CTC Plan portfolio 
and investment framework portfolio 

Benefits and costs  Present value ($million) Initial distribution  

CTC Plan
a
 IFP 

Benefits    

Rainwater tanks—new dwellings 2.5 0.0 Households  

Rainwater tanks—retrofit 7.8 0.0 Households  

Stormwater harvesting 1.0 0.0 Council 

Avoiding restrictions 0.9 0.0 Households  

Enhanced recreation in parks 1.0 0.0 Broader community 

Potential wastewater treatment costs avoided  5.8 0.0 Council 

Total benefits 19.0 0.0  

Costs    

Rainwater tanks—new dwellings 6.8 0.0 Policy dependent 

Rainwater tanks—retrofit 20.3 0.0 Policy dependent 

Stormwater harvesting 1.5 0.0 Council 

Total costs 28.6 0.0  

Net benefits –9.6 0.0  

Benefit–cost ratio 0.67 0.0  

IFP = investment framework portfolio. 

a Management action/investment targets are not clearly articulated in the CTC Plan. Therefore, MJA has made the 
following assumptions in this economic analysis: 100% of all new dwellings will have rainwater tanks; water tanks 
are installed in existing dwellings at a rate of 2% of the existing stock per year; and a 50 000 kL stormwater 
harvesting project (untreated) is undertaken, with water applied to local parks to enhance recreational amenity. 

Source: MJA. 

                                                 
7
 Data on the benefits and costs of those projects is not available, and the benefits and costs will accrue 

at a much larger scale than in the case of Cabbage Tree Creek.  
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While the analysis indicates that discretionary investment in alternative water supplies by 
BCC may not be prudent at this time, this is primarily because the alternative supplies 
assessed had unit costs that were higher than the next grid augmentation (that is, above a 
threshold cost of $2.80/kL). However, it should be noted that this may not always be the case, 
as there will be many cases in which the cost of alternative water supplies will be below that 
threshold. 

These findings should not be interpreted to show that alternative supplies should not be 
adopted. If anything, they demonstrate the need to assess alternative supply options 
carefully, based on their performance in delivering fit-for-purpose water and their costs. There 
is significant variance in the performance and costs of alternative supplies across regions, 
technologies and scales, and generalisations should be avoided where possible. In the case 
of Cabbage Tree Creek, the technologies considered and the generic nature of the cost data 
used indicated that the costs of alternative supplies would be higher than the cost of grid 
augmentations. 

There are also other reasons why individuals and the community may opt to invest in 
alternative supplies, including: 

 it is one of the few actions that can be implemented at a household scale 

 it enables supply risk management at the property scale 

 many households will value those benefits very highly (that is, the value of water to final 
uses is not the same, and many users value water significantly more highly than the 
average). 

Waterway health projects 

The economic analysis of waterway health projects is summarised in Table 11. 

Key points to note from the analysis are as follows: 

 Both portfolios of investments provide net benefits to society, but the CTC Plan portfolio 
has higher net benefits due to the absolute size of the investment. The investment 
framework portfolio has a marginally higher benefit–cost ratio, indicating that the 
investments may be more efficient. 

 For the CTC Plan, a significant investment is required ($14.3 million in present value 
terms), but the investment in WSUD in new developments is questionable given 
prevailing regulatory arrangements. 

 The investment framework portfolio provides no direct investment in WSUD in new 
developments, as that is achieved through regulatory policies. Rather, it invests directly 
in areas that will enhance public good outcomes (environment and recreation) and where 
there are insufficient policy and economic incentives to achieve waterway enhancement 
without government intervention. 

The investment framework portfolio provides net economic benefits to the community. 
This is the case particularly for steam rehabilitation that also provides recreational 
benefits and potential benefits downstream in the Boondall Wetlands. The net benefits of 
WSUD investment are very reliant on WSUD reducing the need to further rehabilitate 
priority streams. 

It is also worth noting that the benefits associated with much of the investment proposed in 
the CTC Plan would be achieved through other policy mechanisms anyway (for example, the 
Queensland Development Code and the Environmental Protection Plan for Healthy Waters). 



NATIONAL WATER COMMISSION — WATERLINES 35 
 
 

Table 11: Benefits and cost of waterway health investments: BCC CTC Plan and investment 
framework portfolio 

Benefits and costs  Present value ($million) Initial distribution  

CTC Plan
a
 IFP

b
 

Benefits    

Potential wastewater treatment costs avoided—
greenfield WSUD 

3.0 0.0 Council 

Potential wastewater treatment costs avoided—
retrofit WSUD 

1.0 1.4 Council 

Waterway rehabilitation costs avoided—
greenfield WSUD 

4.6 0.0 Council 

Waterway rehabilitation costs avoided—retrofit 
WSUD 

1.6 2.0 Council 

Environmental values from waterway restoration 4.1 4.1 Broader community 

Recreation around local creeks and waterways 
for locals 

2.8 2.8 Broader community 

Environmental values of Boondall Wetland 
(Cabbage Tree Creek residents only) 

0.4 0.4 Broader community 

Total benefits 17.5 10.6  

Costs    

WSUD—new dwellings 6.2 0.0 Policy dependent 

WSUD—existing dwellings 2.1 2.6 Policy dependent 

Waterway rehabilitation 6.0 6.0 Council 

Total costs 14.3 8.6  

Net benefits 3.2 2.0  

Benefit–cost ratio 1.22 1.23  

IFP = investment framework portfolio; WSUD = water sensitive urban design. 

a Management action/investment targets are not clearly articulated in the CTC Plan. Therefore, MJA has made the 
following assumptions in this economic analysis: 100% of all new dwellings will have stormwater WSUD, while 
retrofitting WSUD to the existing stock of dwellings will occur at 0.2% of the stock per year (approximately 38 
dwellings per year). Waterway restoration of 23.9 kilometres of local creeks will be rolled out at a constant rate of 
800 metres per year. 

b This portfolio does not include any investment in WSUD for greenfield development, as that is a regulatory 
requirement. It does include retrofitting WSUD for existing detached houses at 1% of the existing stock per year, 
on the assumption that opportunities for reducing loads from rural land use are relatively limited within BCC’s 
borders. It also includes waterway restoration of 23.9 kilometres of local creeks rolled out at a constant rate of 
800 metres per year. 

Source: MJA. 

Flood management 

Analysis indicates that mitigation of flood risk for high risk properties needs to consider the 
following: 

 The benefits accrue almost entirely to private interests (the current home owners). While 
there may be alternative uses for flood-affected properties, such as recreation and 
playing fields, the value will typically be substantially less than the value of a residence or 
commercial building. 

 The benefits per property are approximately $80 000 for all houses inundated more often 
than once every 20 years, while benefits for properties inundated most frequently (e.g. 
once every two years) may be considerably more.  

 Past market distortions, such as a lack of information coupled with a less rigorous 
planning guidance, may have allowed properties to be built in high-risk locations, 
creating legacy and social equity issues.  

 Where the purchasers or builders of those properties were aware of the potential flood 
risks, the properties would have been purchased at a lower price, reflecting the risk (that 
is, the risk has been ‘internalised’ into the purchase price). 
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Where legacy and social equity issues are not a consideration, it may be prudent to 
place more emphasis on ensuring a more effective and informed property market to 
ensure that purchasers and builders are aware of flood risks and can make informed 
investment decisions. 

Overall portfolio performance 

The overall performance of the CTC Plan portfolio of projects and the investment framework 
portfolio of projects is shown in the Table 12, which shows that the CTC Plan portfolio has a 
net cost to society. This is entirely due to the potential investment in alternative water supply 
options that are not cost-effective. 

Table 12: Overall portfolio performance: BCC CTC Plan and investment framework portfolios 

Benefits and costs  Present value ($million) 

CTC Plan IFP 

Benefits 36.5 10.6 

Costs 42.9 8.6 

Net benefits –6.4 2.0 

Benefit–cost ratio 0.85 1.23 

IFP = investment framework portfolio. 

Source: MJA. 

Based on the analysis undertaken, it has been demonstrated that the investment framework 
approach can provide for a much more focused and efficient set of projects for funding from 
discretionary sources. This will enable BCC to provide better waterway outcomes for the 
residents of Cabbage Tree Creek within available budget constraints. 

Sensitivity analysis 

The assessment of each portfolio is based on a number of assumptions about the types of 
investments, their magnitude and timing, the benefits and costs attributable to different 
investments and the discount rate used to compare different portfolios of options. The 
bottom-line results of the analysis are essentially driven by the assumptions made when 
establishing the alternative portfolios and the economic values in the model. 

It is always prudent to undertake sensitivity analysis of the results to determine how the 
decision on the preferred portfolio would change under different assumptions. 

For the Cabbage Tree Creek case study, the sensitivity analysis would need to result in 
significant changes in investments and value before the CTC Plan would be a superior 
portfolio option (because the difference in net benefits between the two portfolios is 
approximately $8.4 million). For the case study, a number of assumptions were tested (such 
as changing the discount rate and using costs for key actions at the low end of the range of 
available estimates), none of which would have changed the assessment of the superior 
portfolio (the investment framework portfolio). However, areas where changing the 
assumptions were most likely to change the results of the portfolio analysis were: 

 where alternative water supplies (particularly stormwater harvesting) can produce fit-for-
purpose water at lower cost than water from the grid 

 where the cost of retrofitting WSUD can be significantly reduced 

 where more cost-effective actions to reduce flooding risk can be established and 
included. 
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6 Cabbage Tree Creek: Stage 2—
cost-effectiveness of activities 
Once Stage 1 has been completed and the broad areas for investment have been 
established, it is then vital to ensure that investments in individual projects are the most 
cost-effective in achieving targets. This section outlines the findings from the application of 
Stage 2 of the investment framework to assess the most cost-effective means of achieving 
the targets outlined in the CTC Plan and the consideration of their risk. 

6.1 Investment options 

Based on the targets established in the CTC Plan and the economic data available, the 
cost-effectiveness of different options to meet priorities in Cabbage Tree Creek can be 
established. Table 13 indicates the cost-effectiveness of different actions to meet targets in 
the CTC Plan. It should be noted that: 

 alternative water supplies are included in the table for completeness of the analysis of 
the CTC Plan 

 land management actions (such as gully erosion control) in rural and peri-urban areas 
are also included, as they may be substitutes for other actions in urban areas to reduce 
loads. 

Key points to note from the analysis are as follows: 

 Water provision. While a volumetric water supply target is not stipulated in the CTC Plan, 
MJA has assumed a target of 50 000 kL/year. To achieve that target, water from the grid 
at full cost is the most cost-effective supply option at around $140 000 per year, about 
92% of the cost of the next best option (rainwater tanks on houses). Given that future 
augmentations will be a series of desalination plants, the reliability of that supply is also 
likely to be higher than that of climate-dependent sources. 

 Sediment loads. Rural actions to reduce sediment loads have the potential to be the 
most cost-effective actions by far, potentially achieving target reductions at around 
$205 000 per year, around 7% of the cost of the next best alternative (WSUD for 
detached dwellings). Whether there are sufficient opportunities for rural actions further up 
Cabbage Tree Creek to meet targets is somewhat uncertain, as technical assessments 
of this option have not been assessed. 

 Phosphorus loads. The data indicates that rural actions have the potential to reduce 
phosphorus loads to meet targets for around $570 000 per year, only marginally higher 
than the cost of wastewater treatment plants. However, treatment plants would prove a 
more certain outcome, and the scope for sufficient load reductions from rural actions is 
unknown. Given this uncertainty, wastewater treatment plants appear to provide the most 
cost-effective means to achieve reductions in phosphorus loads. 

 Nutrient loads. Again, the data indicates that rural actions are the most cost-effective way 
to achieve reductions in sediment loads (around $150 000/year, or 25% of the cost of the 
next best alternative). 

 Gross pollutants. Cost data on the reduction on gross pollutant loads is only available for 
rainwater tanks and WSUD. It shows that WSUD is the most cost-effective of the two 
options. 
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Table 13: Cost-effectiveness of actions outlined in CTC Plan in achieving targets 

 

Targets 

(kL/year or 
kg/year) 

Cost of meeting targets ($) 

WWTP 
upgrades 

(low) 

WWTP 
upgrades 

(high) 

Rainwater 
tanks—
houses 

Rainwater 
tanks—

townhouse / 
unit 

Stormwater 
harvesting 

WSUD—
detached 

house 
WSUD—

townhouse 

Gully and 
bank erosion 

control via 
rehabilitation 

Water from 
grid 

Water provision 50 000 n.a.  n.a. 152 800 $228 200 204 600 n.a.  n.a.   n.a.   140 000  

TSS reductions 988 000 n.a. n.a. 75 054 300 141 395 100 n.a. 2 924 600 2 797 000  204 300 n.a. 

TP reductions 3 100 582 800 2 656 700 50 833 600 83 931 000 n.a. 5 760 400 5 760 100 567 900 n.a. 

TN reductions 7 300 598 600 4 394 600 9 881 100 15 691 100 12 622 300 4 328 600 4 708 800 147 700  n.a. 

GP reductions 5 000 n.a. n.a. 311 500 715 800 n.a. 107 900 141 400 n.a. n.a. 

GP = gross pollutants; TN = total nitrogen; TP = total phosphorus; TSS = total suspended solids; WWTP = wastewater treatment plant. 

Source: MJA. 
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6.2 Sequencing and co-investment strategies 

Ideally, the action that provides the most cost-effective load reduction should be taken first, 
until the cost-effective options are exhausted. Table 13 shows clearly that individual actions 
(such as WSUD) deliver multiple benefits in load reduction. 

Rural land management has the potential to provide the most cost-effective actions to 
address several loads, particularly sediment and nutrient reductions (up to 13 times and 
4 times more cost-effective than the next best options, respectively). This option was not 
given major consideration in the CTC Plan because the opportunities are very limited. 
However, it may prove attractive in other BCC catchments (for example, Oxley catchment) 
but would require investment outside BCC’s boundaries. To achieve these cost efficiencies 
would require a rethink of the investment in catchment plans and existing BCC policy on 
investment outside BCC’s boundaries. It should be noted that the BCC community is widely 
supportive of investing in water quality improvement outside Brisbane’s boundaries, if it is 
more effective (78% agree and only 8% disagree) (DBM 2009). 

Once rural land management options are exhausted, depending on target loads, a mix of 
actions becomes the next best alternative. 

Many of the actions proposed are likely to have significant variance in effectiveness, costs 
and the mix of private and public benefits. Therefore, policy options that use BCC 
discretionary funds to leverage the most cost-effective outcomes would be a prudent 
approach to ensure value for money for ratepayers. Options include: 

 for rural land management (gully erosion control etc.), use a reverse auction approach 
to allocate available funding (underpinned by an appropriate metric to assess load 
reductions) 

 for streambank enhancement, utilise community goodwill and in-kind community input. 

The option of using community goodwill and input is entirely consistent with existing BCC 
support for catchment management groups. An extension of this approach could be to 
prioritise resourcing based on in-kind contributions and financial co-investment by local 
home owners (on the premise that they receive benefits in recreation and enhanced property 
values). 
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7 Conclusions 
This report summarises the development and application of an investment framework to 
guide and assess discretionary expenditure across the water cycle by local government (in 
this case, BCC). The framework and tool consider a broad scope of financial, environmental 
and social values within a single economic analysis approach. 

The investment framework should assist local government sectors to: 

 determine which types of investments are appropriate targets for discretionary 
investment, avoiding unnecessary investment in actions that are already required under 
other regulatory or commercial arrangements 

 determine which types of investments are likely to deliver greater net benefits to the 
community (for example, should actions be taken to reduce pollution loads, or 
alternative water supplies) 

 determine which option provides the best value for money when multiple actions could 
be used to achieve a target (this is vital, as resources are typically very scarce and 
there are rarely sufficient resources to achieve all policy objectives across the water 
cycle). 

7.1 Key findings from application of the 
investment framework in Cabbage Tree Creek 

There are a number of key findings outlined in the report. They primarily relate to the ability 
of the investment framework to: 

 determine what are likely to be inappropriate uses of discretionary investment 

 identify investments that provide net benefits 

 identify the most cost-effective actions, given a range of alternative options. 

Inappropriate use of discretionary investment in case study 
circumstances 

The application of the investment framework in Cabbage Tree Creek has found that there 
are a number of areas of historical investment that do not necessarily fit well with a 
discretionary model because the objectives are already achieved through regulatory or 
service provision requirements. These findings are likely to have a much more general 
application in other regions. In addition, some investments are large enough to justify an 
investment in more detailed economic analysis prior to funding. 

Areas where investments of BCC discretionary funds are not likely to be appropriate are as 
follows: 

 Major water supply options. Investments in major water supply options are not likely to 
be appropriate because those options are being managed under the separate regional 
water supply strategy (based on a minimum level of service standard) and are primarily 
the responsibility of specific water supply entities (the bulk water supply entities). Major 
water supply options should be subject to significant and more detailed economic 
assessments than those possible with the model established for this project. 
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 Alternative water supplies. Investments are unlikely to be appropriate because the 
introduction of efficient pricing will provide appropriate signals for private investment in 
alternative water supplies, such as rainwater tanks, where private benefits exceed 
private costs. The exception to this finding is where alternative water supplies are 
cheaper than mains supplies (no examples were found in this analysis). It should also 
be noted that rainwater tanks are essentially mandatory for new developments under 
the Queensland Development Code. These findings are based on the general 
information available (average estimated supply performance, benefits and costs from 
available Brisbane-specific data). There will be a number of circumstances in which 
these findings would not hold (for example, specifically for alternative water supply 
projects, or where water users value water supply more highly than the community 
average). 

 Wastewater treatment and point source emitters. Wastewater treatment plants and 
other point source emitters are regulated ‘environmentally relevant activities’ (ERAs) 
under the Environmental Protection Act 1994. Investment of discretionary funds in 
reducing loads from regulated ERAs is not appropriate unless there is a broader social 
net benefit in moving above regulated standards. 

 Greenfield WSUD. Under the new Environmental Protection Plan for Healthy 
Waterways, stormwater management WSUD will be compulsory for all greenfield 
development. However, discretionary investment in retrofitting WSUD may be 
appropriate where the benefits of load reduction exceed costs and WSUD is the most 
cost-effective solution. 

 Flood management in greenfield development. While investment in mitigating flood risks 
may be appropriate where benefits exceed costs, that is not the case for greenfield 
developments where existing policies should mitigate risks (specifically, State Planning 
Policy 1/03—Mitigating the adverse impacts of flood). 

The major gap in policy and regulation and the area where discretionary funding is likely to 
be appropriate is waterway health (waterways and the bay). 

Investments with net benefits 

Where there are gaps in service standards and regulations or there may be net benefits to 
society from moving beyond those standards, discretionary investment may be appropriate 
where the benefits (including financial, environmental and social benefits) exceed the costs. 
In the case study (Section A5), MJA has assessed the benefits and costs of the portfolio of 
projects proposed in the CTC Plan and the alternative investment framework portfolio of 
projects (including projects from the CTC Plan that are still appropriate discretionary 
investments). 

The results of this analysis are outlined in Table 14. Note that water supply investments have 
been included in the analysis, as this has been the basis of previous BCC decisions. 

Key points to note from the analysis are as follows: 

 Discretionary BCC investment in alternative water supplies in Cabbage Tree Creek is 
generally not economically viable, as the cost of supply exceeds benefits (capped by 
the full cost of the water from the grid). 

 Investments in waterway health provide net benefits at the catchment scale. 
Importantly, those benefits are primarily environmental and recreational amenity 
benefits that are most efficiently provided by the government on behalf of the 
community. 

 Economic analysis suggests that avoiding flood risk for properties inundated more often 
than once every 20 years provides a private benefit to existing homeowners of around 

$80 000 per property. 

 The analysis does not include formal assessment of foundational activities such as 
science and planning or formally assess activities such as capacity building and 
information programs, as those activities and programs tend to underpin the 
effectiveness of other investments. 
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Table 14: Benefits and costs of alternative investments: BCC CTC Plan and investment 
framework portfolio 

Benefits and costs  Present value ($ million) 

CTC Plan portfolio of 
projects 

Investment framework portfolio of 
projects 

Water supply investments   

Benefits 19.0 n.a. 

Costs 28.6 n.a. 

Net benefits –9.6 n.a. 

Benefit–cost ratio 0.67 n.a. 

Waterway health   

Benefits 17.5 10.6 

Costs 14.3 8.6 

Net benefits 3.2 2.0 

Benefit–cost ratio 1.22 1.23 

Source: MJA. 

The analysis of options shows that the area of investments that is most likely to provide net 
benefits to society is waterway health (waterways and the bay). This is consistent with the 
analysis of appropriate use of discretionary investment within the policy and institutional 
environment. 

This finding will assist BCC’s Water Resources Branch in prioritising investments and 
activities. The scope of investments and activities considered previously was very broad, and 
included potential overlaps with other policies and institutional arrangements. 

Cost-effective investments 

Once priorities have been established (that is, to concentrate on waterway enhancement), 
the most cost-effective portfolio of projects should be funded through discretionary 
investment. Assessments of the cost-effectiveness of projects are outlined in Section 6 of the 
report. Key findings include the following: 

 The most cost-effective means to reduce sediment and nutrient loads is likely to be 
investments in land management practices (such as gully erosion management) in rural 
zones of the catchment, often outside BCC’s boundaries. However, this was given 
limited consideration in the development of the CTC Plan because the opportunities for 
those types of investment are very limited. This approach may be extremely cost-
effective in other BCC catchments. It should be noted that a major survey of BCC 
ratepayers found that 78% were widely supportive of investing in water quality 
improvement outside Brisbane’s boundaries, if it is more effective. 

 Rural land management has the potential to provide the most cost-effective actions to 
address several loads, particularly sediment and nutrient reductions (up to 13 times and 
4 times more cost-effective than the next best options, respectively). 

 Once rural land management options are exhausted, depending on target loads, a mix 
of actions becomes the next best alternative. 

7.2 Differences from other decision-support 
tools 

A number of approaches were used to assist in developing the CTC plans including multi-
criteria analysis (MCA). MCA was used to compare and prioritise investments and actions. 

In this case, the application of MCA did not assist in filtering out investments that are 
inappropriate, and/or do not provide net benefits to society. It can be concluded that the 
MCA used in developing the CTC plan has limited use in assessing and prioritising 
discretionary investment. 
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The investment framework outlined and applied in this report overcomes the potential 
deficiencies inherent in the use of MCA and provides a clearer rationale for discretionary 
investment, ensuring maximum value for public monies spent. It should be noted that the 
investment framework is not a substitute for robust decision-making processes; rather, it is a 
more transparent and robust tool to assist that process. 

7.3 Transferability of investment framework 

The investment framework outlined in this report is relatively generic and would lend itself to 
use elsewhere. The framework pulls together relevant components of planning and 
economics into a practical approach to assessing discretionary investments across the water 
cycle. Key points about the transferability of the investment framework include the following: 

 The investment framework is relatively generic and could be applied in other areas, at 
other scales and under different institutional arrangements. 

 The framework provides a useful complementary approach to the management of 
investments across the water cycle that have not traditionally been subject to significant 
economic analysis (as has been the case with water supply planning). 

 The model established to implement the investment framework has been deliberately 
designed for use by staff with only a limited understanding of economic modelling. 

 The model can be relatively easily calibrated to other areas through changes to 
demographic data and modification of unit benefit and cost data where superior local 
information is available. 

In short, the investment framework should provide a useful step forward in the incorporation 
of economics into decision-making and discretionary investment in management across the 
water cycle. 
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A1 Rationale for an enhanced framework for 
discretionary investment 

A1.1 Rationale for Brisbane City Council considering an 
enhanced framework for discretionary investment 

Brisbane City Council (BCC) has major legislative and mandated responsibilities in the 

planning and provision of water and sewerage services. It also has the discretion to act to 

further environmental and other non-mandated responsibilities, particularly in the area of 

water and catchment management. This means that the BCC has a particular interest in 

integrated water management (IWM).  

BCC manages across the water cycle through the use of a number of regulatory and 

planning approaches that are designed to manage the impacts of development and through 

the direct provision of built infrastructure (e.g. stormwater infrastructure) and services (e.g. 

water supply, wastewater treatment). 

Currently, BCC’s direct expenditure across the water cycle (excluding commercial water and 

wastewater services) is around $71–73 million per annum, and those levels of expenditure 

are expected to continue in the short to medium term (Table A1).  

Table A1: BCC integrated water management budget, 2008–09 to 2011–12 

Annual budget ($ millions) 

2008–09 2009–10 2010–11 2011–12 

73.4 71.0 71.5 71.2 

Source: Brisbane City Council 2008–09 budget. 

However, the operational activities and capital investments of BCC’s substantial water 

business (with revenues of approximately $1 billion)
8
 also have potentially substantial 

impacts on environmental and catchment objectives. While environmental protection is 

legislated, there remains the potential for BCC to ‘go the next step’. More generally, the 

investments and actions of these businesses have a profound impact on the water cycle, 

impacts that may not always be explicitly incorporated into decision making due to the 

narrower focus of business units. 

The IWM budget is allocated across a wide range of functions and on-ground programs, 

including: 

 technical modelling and analysis to underpin management across the water cycle 

 policy and program design 

 flood mitigation and management activities such as voluntary purchases of properties, 
drainage management, infrastructure enhancement, and vegetation management in 
waterways 

 monitoring and enhancement of waterways’ health 

 funding programs for rainwater tanks 

 the provision and maintenance of other related social and economic infrastructure, such 
as wharves and pontoons. 

                                                 
8
  Brisbane City Council, 2008, 2008–09 budget. It should be noted that reported figures may 

change significantly under the new arrangements being implemented for water supply in south-east 
Queensland. 
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Given the magnitude of BCC’s annual investment in IWM, an improvement in the efficiency 

of investment of around 1% would create an efficiency of around $750,000. 

A1.2.The general need for an enhanced decision-making 
framework for discretionary investment 

The rationale for developing an enhanced framework is simple. The first factor relates to a 

need for good decision making and investment processes, and the second relates to the 

potential inadequacies of alternative approaches. 

The nature of the water cycle and the recognised challenges for IWM create a need for a 

robust framework to enhance decision making. Good decision making requires an analytical 

framework that provides sound advice to decision makers. IWM issues are complex; they 

involve multiple considerations and significant uncertainty with respect to the impacts of 

projects and the values associated with change; and resources are inadequate to meet all of 

society’s expectations, resulting in the need to consider trade-offs. Given these challenges 

and the need for good governance in IWM, a framework has been developed that: 

 informs management decisions in a consistent, repeatable and transparent manner 

 is theoretically robust and has been tested in practical application 

 has decision rules to select and compare projects 

 can provide quantitative assessments of individual projects and suites of projects and 
can assess trade-offs, including their environmental, social and economic dimensions 

 can assess projects of different scales and temporal dimensions in a consistent manner 

 is consistent with principles of economic efficiency and enables prioritisation within 
budget constraints 

 identifies where distributional or equity impacts may occur. 

A1.3 Potential inadequacies of current assessment 
approaches 

While multiple criteria approaches are often dominant in planning and decision making for 

IWM and are often included a broader suite of issues (e.g. change in water quality), they do 

not necessarily allow for transparent and repeatable consideration of alternative options. 

Using such planning approaches:  

 the benefits and costs of individual projects, or trade-offs between projects, are often 
not clear 

 information on the relative efficiency of alternative projects may not be apparent 

 societal preferences are not transparently incorporated into the analysis. 

To overcome potential inadequacies in current decision-support approaches, a number of 

tools have been utilised to assist in assessing alternative projects scoped through planning 

approaches, often with have their own problems or inadequacies. Such tools include: 

 Triple bottom line (TBL) assessments. TBL assessments allow for the consideration of 
environmental, social and economic aspects and have been common practice. 
However, TBL assessments rarely explicitly measure the trade-offs between TBL 
objectives. Often the trade-offs are implicit or left to the discretion of the ultimate 
decision makers and may not be representative of community values.

9
 

                                                 
9
  Vanclay F 2004, ‘The triple bottom line and impact assessment: How do TBL, EIA, SIA, SEA 

and EMS relate to each other?’, Journal of Environmental Assessment Policy and Management, 
6(3):265–288. 
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 Multi-criteria analysis (MCA). MCA has been applied to the assessment of projects for 
IWM at the catchment scale. While MCA can incorporate environmental, social and 
economic considerations, there are a number of problems with prior applications of 
MCA. Key issues include the often high reliance on qualitative (often expert) 
assessment of the benefits and costs of projects; the use of simple ranking scores 
which may show little resemblance to the scale and scope of impacts between projects; 
a lack of consideration of temporal implications of projects; the potential risk of double 
counting benefits and costs where there is crossover between criteria; and the typical 
practice of assigning weightings to criteria that may not be representative of community 
values.

10
  

 Partial economic analysis. Many previous economic attempts to assess programs and 
projects across the water cycle tended to lack rigour in terms of the necessary social 
and environmental factors, causing decision makers to focus solely on economic 
(usually financial) factors—that is, a partial economic analysis was undertaken. This 
creates a risk of sub-optimal decision making, as non-market values (e.g. water quality 
impacts, aesthetic values, recreation values) have not been adequately incorporated 
into investment decisions.

11
 This has probably skewed prior investment away from 

projects with significant (not-costed) environmental and social impacts (both benefits 
and costs). However, expansion of a partial economic analysis approach to include a 
broader suite of values would significantly enhance decision making. 

 None of these approaches has all of the characteristics considered necessary for good 
decision making outlined in Section 2.1. The need for an enhanced approach to 
decision making and the potential risks associated with current decision support 
approaches are the key rationale for developing and applying an enhanced framework. 

A2 SEQ policy context for investment 
framework 

The policy context for IWM has a significant impact on the scope and scale of projects that 

BCC actually assesses though the framework for discretionary investment. While the 

framework could consider the benefits and costs of alternative investments, it does not follow 

that recommended projects should necessarily be funded from the BCC IWM budget, or that 

interventions are best managed by BCC.  

A2.1 BCC IWM outcomes  

BCC has recently launched an IWM strategy for Brisbane.
12

 The strategy recognises a 

number of challenges for managing across the water cycle (e.g. managing for growth in 

demand, climate change risk, waterway health, meeting community expectations) and is 

specifically designed to complement current and emerging institutional arrangements such 

as the National Water Initiative (NWI), state legislation, such as the Water Act 2000, and a 

suite of statutory and non-statutory plans and strategies relating to water management in 

south-east Queensland (SEQ).  

Following on from the IWM Strategy, BCC staff are now establishing a robust program logic 

for the broad outcomes across the water cycle.
13

 This program logic exercise has considered 

the desired long-term outcomes for IWM; the identification of key assets and changes in 

asset condition required to meet the long-term outcomes; appropriate intermediate 

                                                 
10

  Herath G et al. 2006, Using multi-criteria decision analysis in natural resource management: 
empirical applications. 
11

  Commonwealth of Australia 2006, Handbook of cost benefit analysis. 
12

  Brisbane City Council 2008, Dedicated to a water smart city: an integrated water cycle 
management strategy for Brisbane. 
13

  Brisbane City Council 2009, Well Designed City: Program logic summary. 
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outcomes; activities (the focus of much of the analysis of the investment framework and 

model); and foundational activities. Key IWM objectives and assets are outlined in Table A2. 

Table A2: Key integrated water management outcomes and assets 

Integrated water management 
long-term outcomes 

Target changes in state of asset  

Sustainable water use—water 
services to meet community 
needs 

Efficient water use. Water use for residential and industrial use is 
efficient. 

Alternative water supplies. Fit for purpose alternative supplies 
are widely available and utilised.  

Healthy waterways—river and 
bay 

Environmental flows. Environmental flows in waterways are 
optimised. 

Water quality. Improved water quality in waterways, river and 
bay. 

Riparian and aquatic habitat condition. Improvements in the 
extent, condition and connectivity of riparian and aquatic 
habitats. 

Biodiversity. Protect and enhance biodiversity. 

Flooding. Flooding risks are mitigated. 

Source: MJA, based on BCC program logic. 

It should be noted that, in enhancing the state of the assets outlined in Table A2, many 

social outcomes may also be achieved (e.g. enhanced recreation opportunities, enhanced 

community awareness of water cycle issues). In a program logic sense, these are often 

intermediate outcomes.  

The degree to which these social outcomes are achieved will typically be dependent on the 

action chosen to effect a given change in asset condition. For example, in achieving 

sustainable water use via demand management: 

 a policy to regulate the efficiency of appliances such as shower heads in new dwellings 
will result in a low-risk means to reduce per capita water use; however, it provides little, 
if any, social outcomes such as community awareness of water management 

 An information provision program on water use efficiency will provide social outcomes 
(e.g. greater community awareness), but may have less certain water use outcomes. 

In the example above, the information provision program is not necessarily better just 

because it also has social outcomes. The choice of project should be based on which 

approach is most effective, given the costs, benefits and risk of each approach. 

A2.2 Key regulations and policies—outcomes and gaps 

Where existing regulations and policies achieve the desired long-term outcomes of IWM, the 

rationale for further direct investment may be weak. Consequently, the scope of issues that 

should be assessed under this generic investment framework for discretionary investment 

and model should be focused where there are gaps in interventions that require economic 

analysis. This section outlines the key regulations and policies relevant in SEQ and to the 

Cabbage Tree Creek case study. It should be noted that the process of assessing regulation 

and policies in areas outside SEQ may come up with a different outcome from the gap 

analysis and hence a different scope of potential investments for assessment through the 

framework. 
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A2.3 Key regulations and policies—water services to meet 
community needs 

Key state regulation relating to water availability and supply 

There are a number legislative instruments and regulations that relate to water availability for 

consumptive use and water supply relevant to Brisbane. They include: 

 the Water Act 2000 and subordinate legislative tools, particularly the Moreton Water 
Resource Plan, which are designed to ensure the sustainability of river ecosystems and 
certainty for water users; in addition, the Moreton Resource Operations Plan establishes 
day-to-day river management rules 

 the Water Supply (Safety and Reliability) Act 2008, the purpose of which is to establish 
the regulatory framework for recycled water and drinking water standards (including 
water from alternative sources for human consumption) and also to underpin the 
institutional arrangements for urban water supply. 

These state-based arrangements should ensure sufficient environmental flows for major river 

systems in SEQ to maintain flow-reliant ecological integrity, while also ensuring appropriate 

safety standards for drinking water. Many of BCC’s long-term IWM outcomes are 

significantly met by the implementation of these policies. Given this, BCC investment and 

assessment through the framework would be all but redundant in water quantity 

management except where localised enhancements to environmental flows are sought, or 

where localised alternative supplies need to be compared to water sourced from the SEQ 

water grid.  

However, it should be noted that institutional arrangements in other regions where the 

framework may be applied will be different. In those cases, supply options such as demand 

management could be assessed within the framework. 

Key water supply planning and pricing arrangements 

In response to recent water supply shortfalls and the need for restrictions, a significant water 

supply planning process is being established to meet SEQ’s water supply needs for the next 

50 years. The water supply strategy includes: 

 proactive investment in supply augmentation options 

 demand management initiatives at the household level (i.e. a long-term usage target of 
230 kL/head/day) and water-use best practice and efficiency for businesses. 

Underpinning these strategies will be economically efficient levels of service (LOS) 

standards that will provide a benchmark target against which strategies can be monitored 

and evaluated and efficient investments made. Establishing the LOS has involved significant 

analysis of different levels of water restrictions (frequency, duration and severity), including 

economic analysis of the community’s willingness to avoid specific levels of restrictions.
14,15

 

In short, LOS will result in an economically efficient standard of water supply provision. 

In addition, the Queensland Water Commission Strategic Plan outlines a number of 

fundamental pricing reforms, including structuring pricing and tariffs to provide incentives for 

long-term water conservation. This will ensure better demand management signals. 

                                                 
14

  Allens Consulting Group 2007, Willingness to pay for increased reliability of water supply in 
South East Queensland. 
15

  DBM Consulting 2007, Economic valuation of water reliability in south-east Queensland using 
choice modelling. 
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These water supply planning and pricing arrangements, if well implemented, should result in 

efficient investment in water supply augmentation and demand management initiatives, both 

underpinned by cost-reflective prices that encourage appropriate use.  

Key water market institutional arrangements 

SEQ is currently undergoing a major restructure of the market and commercial arrangements 

for the supply of water and the management and treatment of wastewater. Those market 

arrangements, once implemented, will create a number of specific entities for different 

aspects of water supply and wastewater treatment, transport and retail functions. Key 

elements of the new arrangements will include the following: 

 Two state government-owned commercial entities—one for bulk water supply and 
treatment and the other for manufactured water (desalination and recycled). Each entity 
will act on a commercial basis with cost-reflective and efficient pricing and sell water to 
the bulk water transport entity. 

 A bulk water transport authority that will own and operate major water transport 
infrastructure (including the SEQ Water Grid and many assets currently owned by 
BCC). Transport services will be operated on a commercial basis. 

 a water grid manager to manage contracts between entities, to manage the flow of 
water around the entire network and to buy water from the bulk water and manufactured 
water entities and on-sell the water to water retailers and power stations. 

 a single distribution entity, which will be created and owned by SEQ local governments 
to operate non-bulk transport assets and sewage treatment plants. The entity will deliver 
water and collect sewage from retailers, delivering sewerage to its treatment plants. 

 local government-owned retailers, which will sell water supply and sewage disposal 
services to SEQ households and businesses. In effect, the retail business will have the 
contract with consumers (water supply and treatment services), passing on the bulk 
water, wastewater treatment, transport and distribution costs to end users. 

The new market arrangements being implemented have a profound impact on the potential 

water supply and wastewater treatment roles and responsibilities and investments from 

BCC.  

With respect to water supply, bulk supply arrangements are the responsibility of other 

parties, and the planning and supply augmentation will be optimised to meet predetermined 

and economically efficient LOS standards (representing community aspirations cognisant of 

pricing). In addition, efficient pricing signals will be passed on to Brisbane customers, 

providing an efficient pricing signal for households to consider the relative benefits of 

alternative supply options, such as rainwater tanks.  

The rationale for direct BCC investment in rainwater tanks under the new market 

arrangements is relatively weak unless benefits across other objectives of IWM can be 

achieved (e.g. water quality enhancement, or avoiding water restrictions over the short 

term).
16

  

For distributed alternative supply systems (e.g. stormwater harvesting and treatment), the 

investment decision is based on the cost of water from the distributed system (net of benefits 

across the other objectives of IWM) versus the efficient cost of supply through the water grid 

                                                 
16

  Under normal circumstances, where rainwater tanks provide water at a cost to the household 
lower than volumetric water prices (i.e. the efficient volumetric charge based on the present value of 
the next augmentation), no subsidy from BCC should be necessary, as there are sufficient private 
incentives to install rainwater tanks. Where the costs of rainwater tanks in achieving water supply 
objectives are higher than water charges, the augmentation would be a more efficient investment. 
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(i.e. a cost-effectiveness assessment). Where the cost of water from the distributed system 

is lower than the cost of supply from the grid, the investment is worthwhile. 

A2.4 Key regulations and policies—healthy waterways (river 
and bay) 

In addition to regulation and policy to address water supply and use issues, there are also a 

number of key regulations, plans and policies in place to manage or protect the condition of 

environmental assets across the water cycle. These are briefly outlined in this section. 

Key state regulations, plans and policy 

There are a number of state-based regulations and statutory planning approaches in place to 

directly or indirectly influence the health of the waterways (both rivers and bays) within 

Brisbane’s boundaries and in adjacent terrestrial and marine environments. Often, these 

state-based initiatives also have an impact on BCC’s planning and development assessment 

processes. Key state-based initiatives include the following: 

 The Queensland Integrated Planning Act 1997 and subordinate statutory planning 
directly and indirectly require the assessment of impacts on waterways through the 
development approval process and the mitigation of risk through any development 
approval conditions (e.g. buffer zones). 

 The SEQ Regional Plan establishes broad land-use controls in SEQ which will have a 
direct and indirect impact on waterway health through the control of areas to be 
developed and the location of land-use changes that will affect waterway health. 

 The Environmental Protection Act 1994 and subordinate tools also include specific 
regulations on threats to waterway health, such as the regulation and licensing of 
‘environmentally relevant activities’ (ERAs), particularly point source pollution sources 
such as wastewater treatment plants or industrial sites. These regulations and licences 
place significant constraints on the ability of business to discharge pollutants (e.g. 
nitrogen, phosphorus, pesticides and other harmful chemicals) into the waterways. 

In addition, recent changes to the regulations have strengthened the compliance regime 
for ERAs and also introduced a system of charges that reflect the relative risks to the 
environment. These changes should ensure that polluting entities have a greater private 
incentive to reduce emissions that affect waterways. 

 The Environmental Protection (Water) Policy and subsequent requirements are 
specifically aimed at maintaining and enhancing water quality outcomes by protecting 
waters in SEQ while still allowing for development that is ecologically sustainable. This 
includes the identification of environmental values (EVs) for water and waterways 
(aquatic ecosystems, water for drinking, water supply, water for agriculture, industry and 
recreational use etc.) and the development of appropriate water quality guidelines and 
water quality objectives (WQOs) to achieve environmental values. 

This policy includes specific schedules of EVs and WQOs for SEQ catchments and 
Moreton Bay, including at a catchment scale (including Cabbage Tree Creek). These 
include quantitative objectives for specific indices such as fish species composition; 
minimum width of riparian buffers; suspended soils (objectives and upper limits); 
phosphorus and nitrogen levels (objectives and upper limits) and conductivity/salinity 
(objectives and upper limits). 

 Moreton Bay Marine Park Zoning developed by the EPA is specifically designed to 
maintain the integrity and resilience of the Moreton Bay marine environment through the 
management and mitigation of risks to the asset from direct use (e.g. commercial 
fishing). 

 The Vegetation Management Act 1999 controls the clearing of native vegetation across 
Queensland and will have an indirect impact on waterway health, particularly through 
the control of clearing in erosion-prone areas in catchments upstream of Brisbane. 
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 The recent introduction by the state of a whole-of-government policy for environmental 
offsets will enable developments to ‘offset’ the unavoidable loss in environmental assets 
attributable to development by establishing and maintaining an environmentally 
equivalent offset project at another site. Offset policies are already in place for fish 
habitat, koala habitat and vegetation management, and it is the intention of the state to 
establish biodiversity and potentially water quality offset schemes in the future. 

 State Planning Policy 1/03—Mitigating the adverse impacts of flood, bushfire and 
landslide is designed to mitigate the risks of adverse consequences of material flooding. 
This is largely achieved through the planning process and development assessment 
and is underpinned by building codes to reduce the likelihood of new development 
areas being subject to material flooding. In practice, the planning policy has its greatest 
impact in informing BCC’s planning scheme. 

The key state regulations, plans and policies establish a framework for the management of 
many of the risks to waterway health. However, the focus of most of the regulations and 
policies is on avoiding significant decline in the extent and condition of waterway health from 
future development activities—noting that decline will still occur, but at a slower rate. Very 
little is planned and implemented to actually enhance waterway health and reverse the 
decline attributable to past development. 

While the state regulations, plans and policy manage much of the future risk to waterway 
health, they do little to enhance the current condition. Enhancing current waterway condition 
is a major gap in current state policies and interventions. 

BCC initiatives 

 In addition to state-led interventions and activities, BCC also has a number of policies 
and strategies to enhance outcomes across the water cycle. Key initiatives include the 
following: 

 The BCC Integrated Water Strategy for Brisbane outlines how Brisbane can maintain 
appropriate water supplies for the population and businesses and maintain the health of 
Brisbane’s creeks, rivers and Moreton Bay. This overarching document outlines a 
number of broad objectives and strategies to manage waterway health

17
 through a 

number of policies and programs, often in conjunction with other levels of government 
and the broader community. 

Strategies include capacity building and behavioural management strategies to ensure 
that the community understands the importance of waterway health and how residents 
can enhance outcomes; strategies to enhance regional partnerships to improve 
waterway health; water resource management strategies to ensure sustainable water 
supply; strategies to enhance waterway health; and strategies to reduce the risks of 
flooding for residents. 

 The establishment of a number of integrated water cycle management plans, including 
for high-priority catchments such as Cabbage Tree Creek

18
, involves significant 

assessment of the natural environment asset base and the risks to those assets, and 
identifies strategies to enhance the condition of the assets. These plans also involve 
significant consultation during their establishment. 

 Direct and indirect investment in projects that enhance waterway health (outlined in 
Section 3). 

Many of the BCC initiatives are designed to understand and enhance waterway health at the 

local level, with a focus on maintaining or enhancing resource condition.  

                                                 
17

  It should be noted the strategy also addresses water supply and use objectives, although 
BCC’s role in achieving some of those objectives is likely to be relatively small once the new 
institutional arrangements for water supply are fully implemented. 
18

  For example, BCC 2007, Citywide Integrated Water Cycle Plan; BCC 2007, Cabbage Tree 
Creek Local Integrated Water Cycle Plan. 
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Other policies and arrangements 

In addition to the interventions and activities of the government sector, major programs are 

being implemented by non-government organisations. These include the following: 

 Natural resource management (NRM) planning and investment undertaken by SEQ 
Catchments has established a regional NRM plan to set resource condition targets. This 
also forms a blueprint for investment in resource management, including waterway 
health. SEQ catchments derive funding largely from the Australian Government (Caring 
for our Country program) and from the corporate sector. 

 A key advantage of organisations such as SEQ Catchments is that they can operate 
across local government borders, potentially enabling BCC to invest in NRM outside 
Brisbane’s borders where it is a more cost-effective means to enhance waterway health 
than investing within BCC borders. 

 The SEQ Healthy Waterways Strategy and associated Healthy Waterways Partnership 
are a collaboration focusing voluntary cooperation to better understand, plan and 
manage the use of SEQ waterways and catchments to enhance waterway health. The 
partnership provides a focus point for much of the monitoring and evaluation and the 
coordination of science to underpin waterway management. 

There are significant opportunities for BCC to enhance waterway health through strategic 
partnering with non-government organisations in research, monitoring and evaluation of 
waterway condition and trend, but also through potentially more cost-effective investment of 
BCC funding outside BCC’s boundaries. 

A2.5 Gap analysis summary 

The analysis of existing interventions (regulation, policies and programs) highlights a number 

of areas across IWM where existing interventions should achieve much of the desired 

outcomes for IWM. Where this is the case, the rationale for further BCC investment is weak, 

as the investment may simply duplicate other initiatives or the returns on investment may be 

low.  

However, based on the priority assets identified by BCC in developing its program logic
19

, 

there are still significant gaps in interventions that may warrant greater attention for direct 

investment by BCC. These should form the areas where the investment framework and 

model should provide the most benefits for decision makers.  

Table A3 highlights major gaps where existing interventions are unlikely to ensure changes 

in the state of key assets and services (e.g. water supply, water quality).  

The analysis indicates that the investment framework for discretionary investment is most 

applicable to: 

 alternative water supply initiatives, particularly at the local level, where: 

 alternative supply options may be more cost-effective than additional supplies from 
the water grid manager, or  

 where other benefits (e.g. changes in water quality) are greater than the incremental 
cost of alternative supplies over water from the grid 

 water quality, riparian, aquatic system and biodiversity projects where the objective is to 
enhance the extent and condition of existing assets 

 flood risk mitigation projects in already developed areas. 

                                                 
19

  Program logic is the rationale behind a program—what are understood to be the cause-and-
effect relationships between program activities, outputs, intermediate outcomes and longer-term 
desired outcomes. Program logic shows a series of expected consequences, not just a sequence of 
events. 
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Table A3: Key gaps in current intervention, against IWM objectives and assets (south-east 
Queensland) 

IWM objective and asset  Identified gaps and comments 

Broad objective: Sustainable water use—water services to meet community needs 

Efficient water use Gaps minimal. New arrangements in SEQ including pricing and LOS 
regime and demand management initiatives should provide for 
efficient water use. Note: this may be different in areas outside SEQ. 

Alternative water supplies Gaps in assessment of alternative water supply options. New SEQ 

water strategy should ensure that alternative supplies are used 
where they provide an effective supply alternative. However, these 
considerations do not adequately consider water quality benefits. 

Broad objective: Healthy waterways—river and bay 

Environmental flows Localised gaps only. Water regulatory framework should ensure 
adequate flow in most cases.  

Water quality Major gaps in actions to enhance current condition and address 
diffuse sources. Existing regulations manage risk from point sources 
and have limited capacity in other areas. 

Riparian/aquatic habitat 
condition 

Major gaps in enhancing asset extent and condition. Existing 
policies mitigate risk from future development, but little action to 
enhance current asset condition. 

Biodiversity Major gaps in enhancing asset extent and condition. Existing 

policies mitigate risk from future development, but little action to 
enhance current asset condition. 

Flooding Gaps in enhancing outcomes in developed areas. Existing polices 

mitigate risks for future development, but only BCC current activities 
enhance assets in developed areas.  

Source: MJA. 

 

A3 Investment framework parameters and 
issues 

There are a number of parameters and issues relevant to the development and use of the 

investment framework and subsequent model. Key parameters and issues discussed below 

are: 

 the appropriate use of the framework 

 assessing physical changes 

 establishing economic values 

 the treatment of risk and uncertainty 

 the distributional consequences. 

This section provides an overview of the parameters and issues relevant to the framework. 

The degree to which these can actually be incorporated into the application of the framework 

will depend on information and data availability.  

A3.1 Appropriate role for the framework for discretionary 
investment 

IWM objectives can be achieved through existing regulatory and policy interventions or direct 

investments.  

Section A2 provides an assessment of the regulatory and policy environment within which 
the investment framework should operate in the context of Brisbane. It highlights that many 
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IWM objectives are already managed by existing regulations and policies (and these are 
often outside the direct control of a council, such as BCC) and many major projects are of a 
sufficient scale to justify specific and detailed economic analysis.  

While the generic economic framework and investment model applied in this project is 
reasonable, the level of detail and rigour of application is not appropriate for major 
investment decisions, such as assessing the merits of a dam. Rather, the most appropriate 
scope for determining which investments should be assessed using the framework is:  

 for projects where change is desired beyond that already required under existing 
regulation or policy 

 for selecting between alternative options to meet specific policy goals or service 
targets

20
 

 for discretionary direct investment where that is likely to be more efficient than 
alternative interventions (e.g. further regulation).  

The role of direct investment in IWM and the framework is to complement other legislative 

and policy tools and achieve desired outcomes in an efficient manner. The complementary 

nature of the investment framework is shown in Figure A1. Constraining the role of the 

framework provides a number of advantages, including the following: 

 It constrains the types of projects assessed to those that have not already been (or 
should have been) subject to more detailed assessment than that possible using a 
generic framework. 

 It constrains assessments to issues that are compatible with current policy, institutional 
and administrative arrangements. 

 It is likely to provide sufficiently robust information for decision makers (given data and 
information constraints) and provides a step-forward from current decision-support 
tools. 

Figure A1: Investment framework to complement existing interventions 

 

 

 

 

 

 

 

 

 

 

 

Source: MJA. 

Existing regulatory interventions 
 

Key regulatory tools, including 
statutory planning and planning 

requirements. 
 

Other policy interventions 
 

Key policy tools, including pricing, 
infrastructure augmentations, and 

demand management and 
community programs. 

 

Investment 
framework 

 
Fund actions above 
regulated standard. 

 
 Meet minimum 

requirements in an 
efficient manner. 

Policy risks from potential for inconsistencies between water 
service providers’ objectives and broader government 
objectives 

The water reforms undertaken in recent years have had a profound impact on the objectives 

and operations of water service entities across Australia. Reforms have resulted in separate 

business units being established, usually with a specific charter dictating service levels, 

                                                 
20

  Noting that the model would not be appropriate for selecting between alternative major 
projects such as a dam versus a desalination plant. Projects of this scale should be assessed using 
significantly more detailed analysis. 
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commercial practices and commercial returns etc. The focus of water service entities has 

moved to efficient service provision (e.g. potable water supply) at the most efficient / lowest 

cost (i.e. only the benefits and costs that accrue to the service provider under its commercial 

charter are considered in decision making—a partial economic analysis is undertaken). For 

government, however, a broader view of benefits and costs (often called a social benefit cost 

analysis) is considered. The different perspectives do not always lead to the same 

conclusions as to what constitutes a good investment.  

It should be noted that the reforms to service providers have probably resulted in less 

consideration of broader societal objectives (e.g. environmental, social) unless specifically 

required. Typically, broader environmental and social impacts only enter the planning, 

decision making and investment process to the degree to which they are required by 

legislation or some form of charter from the owning entity.  

Under the commercial arrangements for must service providers, there is little (if any) 

commercial incentive to enhance environmental or social outcomes unless a community 

service obligation (CSO)
21

 is paid or there is an opportunity to recover additional costs via 

higher pricing (highly unlikely for natural monopolies, or where product differentiation is not 

possible). 

While this issue is outside the scope of this project, it does warrant future consideration if 

IWM is to be achieved in a more robust fashion. 

A3.2 Assessing physical change—models or metrics 

Many organisations already undertake significant assessment of the physical aspects of 

proposed programs and projects (e.g. likely volumes of water supplied by alternative water 

supply options, or the likely impact on sediment loads from streambank rehabilitation). This 

level of assessment (at the catchment scale) was already completed for the Cabbage Tree 

Creek case study.
22

 

In addition, where resource condition or service targets or thresholds (e.g. acceptable 

sediment loads, acceptable water security objectives) have been formally established, the 

impacts of individual programs or projects can be assessed as their relative contribution 

towards a target using existing models.
23

  

A number of existing tools may be available to assess physical change. Commonly used 

tools include the following: 

 Various tools and models designed to assess water supply options, including under 
different climatic and efficiency assumptions. 

 MUSIC. Many of the projects to be assessed using the investment framework will be 
WSUD projects, particularly changes to stormwater management regimes. MUSIC 
(Model for Urban Stormwater Improvement Conceptualisation) is a model specifically 
designed for the evaluation of conceptual designs of stormwater management systems 
to enhance water quality in catchments. 

                                                 
21

  CSOs are the provision of a non-commercial product or service. Such services are purchased 
by the government on behalf of the community in line with government priorities, and are purchased 
from commercial business entities. 
22

  BCC 2007, Cabbage Tree Creek Local Integrated Water Cycle Plan. 
23

  It should be noted that generally no formal economic assessment has been undertaken to 
establish optimal targets, even at the BCC scale. The exception is probably the work undertaken to 
assess levels of service for water supply where the economic benefits of alternative restrictions 
scenarios (frequency, severity and duration) were assessed. 
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In the case of BCC, MUSIC is a commonly used by BCC technical officers to assess the 
potential impacts of WSUD projects. By calibrating MUSIC to local conditions and using 
it for the assessment of catchment specific projects or programs, changes in key 
pollutant loads can be calculated to underpin the cost-effectiveness of competing 
projects 

 E2 and WaterCast. Often, planners and policymakers are interested in the impacts of 
changes in land use on water quality. Tools such as E2 and WaterCast provide an 
approach to estimate the impacts of land use changes at multiple scales (from 
catchment down to a point in a river system). 

 Sednet. Brisbane is at the bottom of a river system, and many water quality problems 
are largely attributable to loads form further up the catchment (e.g. sediment loads from 
the Lockyer Valley). It may actually be more cost-effective for entities such as BCC to 
undertake direct investment in the upper reaches of SEQ’s catchments than to invest 
within Brisbane’s boundaries. 

Tools such as Sednet can be used to assess the effect of proposed changes in 
catchment management on sediment and nutrient loads. Typically, Sednet has been 
used to assess the impacts of riparian vegetation on bank erosion, the impacts of 
hillslope vegetation cover on hillslope erosion, and the impact of flow regulation on 
sediment transportation. 

 EUM. Tools such as the iSDP model allow water planners to estimate water savings, 
costs and greenhouse gas emissions from water conservation options.  

The development and use of metrics for healthy waterways 

While there are a number of physical models available to assess the physical impacts of 

projects or programs that impact on IWM (e.g. changes to land use, changes to stormwater 

management), the waterways health outputs from those models are typically changes to one 

or more indicators (e.g. nutrient concentrations).  

While the outputs of most models are extremely useful for decision makers, changes in loads 

or flows do not necessarily translate into changes in benefits received by the community. In 

recent years, there has been an increasing concentration on the development and use of 

metrics that attempt to quantify the relationships between on-ground actions, changes in key 

physical indicators and changes in benefits to society. To date, no comprehensive metrics 

have been developed for IWM in Australia. 

The lack of quantitative models to translate changes in key waterways health indicators 

determined by the existing suite of models into changes in indicators that better represent 

benefits derived by the community is a significant gap in our understanding of IWM.  

A3.3 Establishing economic values 

This section outlines the data sources and approaches to estimating benefits and costs used 

within the investment framework. The desktop nature of this study prohibits the collection of 

any primary data. Furthermore, it should be noted that the availability and accuracy of the 

data used could be enhanced significantly through additional investment in data.
24

 Despite 

this, the framework is designed to work with already available data, but can incorporate 

superior data where available.  

Data for use within the framework is derived from a number of official statistical sources, 

previous research, and data specifically available for the Cabbage Tree Creek case study. 

The framework relies heavily on transferring economic benefit estimates from previous 

                                                 
24

  Additional primary research was undertaken for the CTC case study to elicit economic 
estimates of non-market values. 



 15 

 

studies to establish proxy values for the purposes of testing the framework. However, it 

should be noted that BCC commissioned a specific project to elicit Brisbane community 

values placed on a number of water cycle outcomes (the value of avoiding water restrictions, 

the value of enhancing waterway health etc.). The key data sources and values used are 

summarised in Table A4. 
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Table A4: Key data sources and values used for case study application of framework 

Data item Data sources and values 

Alternative water 
supply (rainwater 
tanks) 

Benefits are costs avoided. Benefits are both reduced water charges to consumers and avoided augmentations to the bulk water supply entity. Benefits should 
be valued at the long run marginal cost of the next augmentation, which is also to form the basis for volumetric pricing in SEQ.

a
 To avoid double counting and 

to recognise who receives the benefits, the benefits should be counted against consumers, as BCC will be simply passing on bulk water charges. 

The Cabbage Tree Creek Local Integrated Water Cycle Plan (LIWCP) summarises MUSIC modelling outcomes from retrofitting of rainwater tanks.  

Under certain circumstances, there may be a benefit to BCC for investing in rainwater tanks to achieve water supply outcomes above agreed levels of service 
(e.g. where severe drought has triggered extensive water restrictions above those anticipated under levels of service policies. 

Alternative water 
supply (stormwater 
harvesting by BCC)  

Benefits are costs avoided to bulk water supplier and should be values at long run marginal cost of next augmentation. 

The Cabbage Tree Creek LIWCP summarises potential volumes.  

Water quality—
sediment  

The Cabbage Tree Creek LIWCP (Appendix K) summarises MUSIC modelling outcomes, particularly changes in annual loads.  

A 1% improvement in waterway health is valued at $5.80 per household per annum.
b
 

Wastewater 
treatment—Sandgate 

Largely a regulatory requirement; however, impacts from land-based actions may prove relevant, particularly where there are opportunities to offset point 
source treatment. 

Indicative estimates of the benefits from removing a tonne of phosphorus in SEQ via water treatment have been made, but their relevance for marginal 
projects is limited. Estimates range from $76,000 to $200,000 per tonne of phosphorus per annum.

c
 

Water quality—
nutrients  

The Cabbage Tree Creek LIWCP summarises MUSIC modelling outcomes, particularly changes in annual loads.  

A 1% improvement in waterway health is valued by Brisbane residents at $5.80 per household per annum.
d
 

Environment—
waterways and 
wetlands 

The Cabbage Tree Creek LIWCP summarises condition of waterways and wetlands. 

Rolfe et al. estimate willingness to pay at $0.02 per km/household/annum.
e
 

Clouston estimated benefits of protecting wetlands (SEQ wide) at $11–19 per household.
f
 

Environment—
vegetation 

The Cabbage Tree LIWCP summarises vegetation condition and extent. 

A 1% improvement in vegetation health is valued by Brisbane residents at $2.88 per household per annum.
g
 

Flood risk Value of benefits is flood damage avoided. 

The Cabbage Tree Creek LIWCP summarises flood risks (generally localised ‘nuisance’ floods). BCC internal flood risk mapping indicates material flood risk is 
almost 0%. 

Environment—carbon Economic estimates of carbon abatement readily available (prices from trades). December 2008 traded price in Europe was around $26.00/tonne.
h
 

Social—recreation 
and amenity values 

Recreation and open space documented in LIWCP final report (qualitative consideration of benefits (largely project specific, but potential corridor access 
benefits). 

Some economic impact data from MJA outdoor recreation strategy work, but heavily reliant on benefit transfer from interstate. Work was only indicative at SEQ 
scale. For example, a 1% increase in outdoor recreation activity (excluding recreational fishing) would increase economic activity by $25.1 million per annum.

i
  

Documented impacts on property prices (e.g. KPMG for waterfront—97% premium
j
, and MJA for parks in Ipswich was 20% if property adjacent to park). 

Program and project 
costs 

These have been estimated through BCC budget processes and from actual completed projects.  
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Source: MJA 

a  MJA, 2006, Cost-effectiveness of rainwater tanks in urban Australia. 

b  Windle J and Rolfe J 2006, Non market values for improved NRM outcomes in Queensland. Research Report 2 in the non-market valuation component of the AGSIP Project # 13 

‘Economics and Natural Resources Management in Queensland’, funded under the National Action Plan for Salinity and Water Quality: State-level Investment Program—Agriculture. 

c  MJA, 2008, Economic and social impacts of Mackay Whitsunday Water Quality Improvement Plan. 

d  ibid. 

e  Rolfe J, Donaghy P, Alam K, O’Dea G and Miles R 2005, Considering the economic and social impacts of protecting environmental values in specific Moreton Bay / SEQ, Mary River Basin / 

Great Sandy Strait Region and Douglas Shire waters, Institute for Sustainable Regional Development, Central Queensland University, Rockhampton. 

f  Clouston E 2002, Linking the ecological and economic values of wetlands: a case study of the wetlands of Moreton Bay, PhD thesis, Griffith University. 

g  Windle J and Rolfe J, op. cit.. 

h  http://www.pointcarbon.com/  

i  MJA 2008, Investment in the SEQ Outdoor Recreation Strategy: benefits and costs. 

j  KPMG 1998, Brisbane River and Moreton Bay Wastewater Management Study: preliminary economic analysis of proposed expenditures and strategies, report prepared for the Queensland 

Government, Brisbane.

http://www.pointcarbon.com/
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Appropriate use of non-market valuations 

Some of the benefits and costs identified for inclusion in the investment framework do not have 

market values. Those values have been derived through a number of different studies and 

approaches. 

It should be noted that, while some of the non-market valuation studies have been undertaken in 

Brisbane, the cost of the studies was often different from the context for the investment framework. 

For other studies used in this project, values are inferred from studies undertaken elsewhere. 

Because of these data limitations, it is not appropriate to directly transfer values from existing studies 

to specific projects or actions undertaken in the case study. The benefit transfer approach is generally 

only sufficiently robust at a broader scale (e.g. for aggregated project types, such as all waterway 

enhancement). These data limitations are also a major reason for the use of economic benefit data in 

Stage 1 of the investment framework, moving to a simpler cost-effectiveness approach for Stage 2. 

Other valuation parameters 

There are a number of other relevant parameters to be used in the application of the framework, 

specifically: 

 all values (benefits and costs) are real (i.e. adjusted for inflation) 

 where benefits or costs are attributable to population or other demographic characteristics (e.g. 
number of households), official data from the ABS and the Queensland Government Population 
Forecasting Unit are used.

25
  

A3.4 Risk and uncertainty 

There is a wide range of potential IWM projects that could be assessed by the framework. The inputs 

and outcomes from each of those projects will vary significantly, depending on the nature of the risks. 

There are two principal sources of risk for each project being assessed. These are outlined below. 

Uncertainty regarding dollar estimates 

There is uncertainty regarding dollar estimates due to the nature of the change being valued (market 

or non-market) and the nature of the study being used as the basis for the benefit transfer (e.g. the 

sample size and standard errors from survey-based studies). For this reason, a range of estimates 

(low, mid, high) for uncertain values will be established based on the underlying uncertainty of the 

original studies.
26

  

The sensitivity of results (priorities, project selections etc.) to the variation in values can then be 

tested. For benefits, this will be more important for Stage 1 of the framework, in which economic 

estimates of benefits are used to establish priorities.
27

 

Uncertainty regarding physical impacts from projects 

There is likely to be uncertainty regarding the effectiveness of the specific projects in delivering the 

expected outcomes. For example, a streambank rehabilitation project may be proposed to reduce 

                                                 
25

  Where data is required where existing forecasts are not available (e.g. number of households in 2025), 
current ratios (e.g. persons per household) will be applied to future headline forecasts.  
26

  Rolfe and Bennett 2006, Choice modelling and the transfer of environmental values. 
27

  Data constraints and uncertainty for the benefit transfer have been a major reason for the development 
of the two-stage assessment process.  
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sediment and nutrient loads in the river system. However, there may be a level of uncertainty 

regarding the change in loads attributable to the project (due to factors such as soil type, variability in 

rainfall etc.). Different types of projects are likely to exhibit different physical characteristics. To the 

degree possible, a range of estimates (low, mid, high) for uncertain values will be established based 

on the underlying uncertainty of the original studies and modelling exercises.
28

 Uncertainty regarding 

physical aspects of projects will be used more extensively in Stage 2 of the framework.  

The framework is being designed to utilise two approaches: 

 accounting for uncertainty using ranges of expected values 

 where necessary, accounting for pure uncertainty through sensitivity analysis. 

Ranges of expected values 

To the extent possible, the application of the framework should limit the need to undertake primary 

investigations of the likely benefits attributable to new projects. Rather, the framework relies on prior 

research to inform the likely value of benefits. However, physical impacts and their respective dollar 

estimates are rarely known with absolute certainty, and values are generally only known within a 

range. 

Given the uncertainty, the framework will establish a range of expected values. This will be done by 

analysing distributional information on input variables (both physical and financial values) to develop 

expected values.
29, 30

  

Pure uncertainty—sensitivity analysis 

While much of the risk associated with projects can be assessed by developing ranges for expected 

values, there are also many situations where that may not be possible.  

Given this, the framework will allow for sensitivity analysis to manually determine the sensitivity of 

project assessment outcomes to changes in the values of key variables.
31

  

It should be noted that changing the values of variables to determine the sensitivity of projects is not 

necessarily appropriate when comparing multiple projects in order to select a preferred set of projects 

within a constrained budget.
32

 Rather, the more appropriate use of sensitivity analysis is to determine 

‘switching points’ where, by changing a key variable, a project then becomes non-viable or drops out 

of the preferred suite of projects.
33

  

A3.5 Distributional consequences 

The distributional consequences of projects are often of interest to decision makers, as local 

governments have a keen interest in distributional considerations as well as efficiency considerations 

when developing policies and programs. 

Assessment of the distributional consequences of programs or projects can ensure that double-

counting of benefits or costs does not occur. For example, in the case study, retrofitting of a rainwater 

                                                 
28

  Understanding uncertainty of the physical aspects of problems is more feasible at the localised scale 
where data (e.g. soil type) is available and has been incorporated into existing modelling of physical aspects of 
projects. 
29

  Savvides S 1989, Risk analysis in investment appraisal. 
30

  Perkins F 1994, Practical cost benefit analysis. 
31

  Campbell H and Brown R 2003, Benefit cost analysis. 
32

  Perkins F 1994, Practical cost benefit analysis. 
33

  Savvides S 1989, Risk analysis in investment appraisal. 
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tank results in savings both to consumers (water charges) and to water supply entities (avoided costs 

of augmentations). To count these benefits twice would be incorrect. Rather, because this would be a 

pass-through item for BCC, the benefits should be counted once—as benefits to the final consumer.  

As the objective of this framework is to develop a process that is essentially a desktop exercise using 

existing data without requiring primary data collection, distributional consequences will be inferred 

from previous analyses of similar situations and projects. The potential distributional consequences of 

different project types are assessed and mapped: 

 for each type of project (e.g. water supply), assessing the distributional impacts using fixed ratios 
representing where the benefits and cost are likely to occur

34
 

 isolating the direct financial benefits and costs to a party such as BCC from the external benefits 
and costs to the broader community to better understand the magnitude of the external impacts 
of the project.

35
  

It should be noted that this process is very coarse because distributional consequences of projects 

are unlikely to be uniform across IWM projects for a number of reasons, including the following: 

 The different project types across IWM (e.g. water supply or streambank rehabilitation) result in 
significantly different patterns for the distribution of benefits and costs. 

 Many projects have impacts on public goods. A public good is typically non-excludable (someone 
who does not pay for it cannot be prevented from using it) and non-rival in consumption 
(consumption by one person does not reduce its availability for use by others). In effect, while the 
benefits of the project may be widely distributed across the community, a party such as BCC may 
not be able to recover the costs of providing those benefits, and projects may result in 
externalities or may be specifically designed to address externalities. Many IWM projects will 
result in costs and benefits being received by parties that are not involved in the transaction (e.g. 
members of the community outside the council area or private businesses). 

A4 An overview of non-market valuations 

A4.1 Broad types of values 

The benefits of water cycle management can be categorised as shown in Figure A2.  

                                                 
34

  Perkins F 1994, Practical cost benefit analysis. 
35

  Jenkins G and Herberger A 1991, Manual—Costs benefit analysis of investment decisions. 
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Figure A2: Benefits of water cycle management investments 

 

 

Source: MJA 

Use values and non-use values 

Use values include: 

 indirect financial values. Some water cycle management investments may result in savings in 
water charges by business or communities—thus, indirect financial values can be associated 
with these types of use benefits. Examples include reduced water bills from the introduction 
of rainwater tanks; reduced costs from flood damage as a result of flood control services 
provided by healthy waterways; postponement of infrastructure augmentations due to 
improved reliability; reduced treatment costs due to improved quality of drinking water 
supplies as a result of healthy waterways. 

 other use values, for example, enhanced recreational opportunities (e.g. picnicking) as a 
result of greater scenic amenity arising from improved catchment management, and 
enhanced recreational opportunities such as fishing, swimming and boating in healthier rivers 
and bays; potential costs include reduced access to waterways for stock due to vegetation 
buffer zones. 

Non-use values include improvements in water quality, ecosystem functioning, maintenance of habitat 
for protection of biodiversity. 

Environmental values generally involve both use and non-use values. Use values arise from the uses 

that people make of environmental goods—for example, the tourism benefits or recreational benefits 

(fishing, swimming and boating) associated with healthy waterways.  

Often environmental goods also have non-use values—for example, people value something 

regardless of whether they can actually ‘use’ it. Non-use values include: 

 existence value: people value something simply because it exists (for example, a species such 
as the platypus or an ecosystem such as the Great Barrier Reef); regardless of whether they 
plan to visit, they value knowing that it exists 

 option value: an environmental good (e.g. a river) is valued because, although people may not 
use it now, they want to retain the possibility of using it in future 
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 bequest value: relates to the value of being able to pass something on to the next generation 
(e.g. knowing that future generations can visit a beautiful river). 

Non-use benefits are also associated with visual and aesthetic amenity, biodiversity protection and 

existence values. 

Revealed preference techniques are useful for discerning use values, but cannot reveal non-use 

values, although non-use values have been shown to be very important components of environmental 

values. Stated preference techniques are required to assess non-use values. 

Non-market valuation techniques for environmental values 

Non-market valuation techniques assist in establishing values for social and environmental impacts, 

where those values are not reflected in markets. They are three types of such valuations: 

 Revealed preference techniques involve using alternative (or related) market values to provide 
information about value. For example, the value of a sea view may be assessed by the premiums 
on house prices with such a view (hedonic pricing method), or the value of a national park may 
be indicated by the costs that people incur in visiting a particular park (travel cost method). 

 Stated preference techniques involve creating a hypothetical market, generally via survey 
formats. People are asked to indicate their preferences between certain hypothetical scenarios. 
There are two principal stated preference techniques: 

 Contingent valuation involves offering survey respondents two scenarios (a status quo 
scenario and a new proposal) and evaluating support for the change / the trade-off between 
the two scenarios. 

 Choice modelling involves a survey questionnaire that asks respondents to state their 
preference for a status quo option and various choice sets involving alternative profiles or 
environmental attributes. 

 Benefit transfer. To avoid the high costs involved in estimating non-market values, the benefit 
transfer approach involves obtaining pre-existing values from studies of other regions and 
transferring an appropriate value estimate to the new target area. It is important to determine 
whether existing values are context-specific and whether they match the conditions of the new 
target area. 

A4.2 Summary of previous studies 

This section summarises a sample of previous relevant studies that have investigated and established 

quantitative estimates relevant to the framework and the Brisbane-based case study area. Note: only 

studies that are directly attributable to the framework will be used in its application. Many (particularly 

overseas) studies are summarised here for completeness. 

Indirect financial benefits 

Reduced water bills from rainwater tanks 

MJA estimated that yield from a 5 kL rainwater tank for a small (50 m
2
) to a large (200 m

2
) roof 

collection area was in a range from 41 kL to 99 kL per year in Brisbane (airport sites only). 

Total annual yield from an additional 10% take-up of rainwater tanks in SEQ would be 5–11 GL/year; 

with an additional 73% take up, annual yield would be 33–80 GL/year. 
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The main benefits to households from rainwater tanks include reductions in annual water bills paid to 

water utilities.
36

 

For Brisbane, 2006–07 prices for water were 91c/kL for water usage over 200 kL/year. 

Table A5: Benefits of rainwater tanks—annual water bill savings 

Rainwater tank size Roof area kL of water saved per year 

5 kL 50m
2
 41 kL 

 200m
2
 99 kL 

   Source: MJA 

Table A6: Benefits of rainwater tanks—annual water bill savings 

Price of water $ / kL  Water bill savings (50 m
2
 roof 

area, 5 kL tank) 
Water bill savings (200m

2
 roof 

area, 5 kL tank) 

< 200 kL 0.91 41 kL x price = $40.59 99 kL x price = $90.09 

201–300 kL 0.99    

> 300 kL 1.20    

Source: MJA 

Savings depend on what tier the customer is in. An assumed use of more than 250 kL p.a. leads to a 

saving of $0.99 per kilolitre of rainwater.
37

 

Avoided water treatment costs and postponement of infrastructure augmentations from 
watershed protection 

Healthy watersheds provide a range of hydrological services, including water filtration and purification; 

seasonal flow regulation; erosion and sediment control; and habitat preservation. 

A range of US studies (Table A7) reviewed in Postel and Thompson (2005) suggest that investments 

in increased waterway health can provide substantial benefits in terms of avoided water treatment 

costs. For capital costs alone, these studies indicate that every $1.00 invested in watershed 

protection avoids at least $4.00 of water treatment costs. Furthermore, even in the worst case 

scenario, annual expenditure on watershed protection is almost entirely accounted for by reduced 

water treatment operating costs. 

Table A7: Benefits of avoided water treatment costs—US studies 

Metropolitan area Population Avoided costs through watershed protection 

New York City (Catskills / 
Delaware watershed) 

9,000 $1.5 billion spent on watershed protection over 10 years to avoid 
at least $6 billion in capital costs and $300 million in annual 
operating costs  

Boston, Massachusetts  2,300 $180 million (gross) avoided cost 

Seattle, Washington  1,300 $150–200 million (gross) avoided cost 

Portland, Oregon  825 $4.9 million spent annually to protect watershed is avoiding a 
$200 million capital cost 

Portland, Maine  160 $729,000 spent annually to protect watershed has avoided $25 
million in capital costs and $725,000 in operating costs 

Syracuse, New York  150 $10 million in watershed plan is avoiding $45–60 million in capital 
costs 

Auburn, Maine  23 $570,000 spent to acquire watershed land is avoiding $30 million 
in capital costs and $750,000 in annual operating costs 

Source: Postel and Thomson 2005. 

                                                 
36

  Other benefits include mitigating the effects of water restrictions on lifestyle, amenity and property 
values; improving the taste of water in areas of poor water quality; and a sense of community-mindedness. 
37

  Understates financial savings for large water users; overstates them for low water users. 
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Avoided costs of erosion and sedimentation controls, Costa Rica 

In Costa Rica, Energia Global de Costa Rica, a hydroelectric company, pays upstream landholders 

US$10/hectare to reforest their lands and implement sustainable forestry practices because of the 

resulting improvements in ecosystem services (i.e., higher rates of water flow and reductions in 

sedimentation in Energia Global’s reservoirs, which increase its electricity producing capacity).
38

 

The US$10/hectare is directed to the National Forest Office and National Fund for Forest Financing 

(FONAFIFO), which contributes a further US$30/hectare to the upstream landholders, as 

US$40/hectare is considered to reflect the opportunity cost of lost cattle ranching. The FONAFIFO 

contributions are based on a national 5% fossil fuel tax. 

Avoided costs from flood mitigation services 

One of the benefits of water cycle management is reduced costs from flood damage as a result of 

flood control services provided by healthy waterways. 

There are very few studies that value flood mitigation services, particularly in developed countries. 

Values for a few relevant studies are listed below, although their transferability to current SEQ 

conditions is questionable:  

 A 1999 study of river maintenance in the United Kingdom determined river maintenance and 
flood control benefits for 12 rivers in Wales. The benefits were based on surveys of river 
engineers and farmers. They varied from £9–54/hectare, depending on the river in question, 
based on the survey questionnaire completed by river engineers. Benefit–cost ratios ranged from 
0.3 to 1.5.

39
  

 A 1989 study of the Korup project in Cameroon estimated annual benefits of US$23/hectare 
(1994 prices) for flood control.

40
 

Various values have been determined for flood control services provided by wetlands: 

 Mud Lake, Minnesota-South Dakota (US): Roberts and Leich (1997) found that the avoided costs 
due to natural flood control for Mud Lake wetlands are $440 per acre per year ($2.2 million per 
year).

41
 

 A meta-analysis of wetland contingent value studies by Brouwer et al. (1997) noted that the 
annual willingness to pay (WTP) for the flood control functions of wetlands in temperate regions 
of developed countries was 92.6 SDRs (where 1 SDR = $US1.5 in 1995 currency) in 1995.

42
 

Other use values 

Other use values related to investment in water cycle management and higher quality water include 

enhanced commercial fishing opportunities and enhanced recreational benefits, such as recreational 

fishing, swimming, and boating in cleaner waterways. Higher water quality and improved habitats and 

ecosystems can also be related to enhanced tourism opportunities. 

                                                 
38

  Postel and Thompson 2005, Miles 2005. 
39

  Dunderdale JAL and Morris J 1997, ‘The benefit cost analysis of river maintenance’, Journal of Water 
and Environmental Management, 11(6):423–430. 
40

  Ruitenbeek HJ 1989, ‘Social cost-benefit analysis of the Korup Project, Cameroon’, paper prepared for 
the Worldwide Fund for Nature and the Republic of Cameroon. 
41

  Roberts LA and Leitch JA 1997, ‘Economic valuation of some wetland outputs of Mud Lake’, 
Department of Agricultural Economics, North Dakota Agricultural Experiment Station, North Dakota State 
University, Fargo ND. 
42

  Brouwer R, Langford IH, Bateman IJ, Crowards TC and Turner RK, ‘A meta-analysis of wetland 
contingent valuation studies’, working paper GEC97-20, Centre for Social and Economic research on the Global 
Environment. 
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Values for improvements in NRM outcomes 

Windle and Rolfe have recently investigated values of improved NRM outcomes in Queensland in 

their 2006 paper, Non market values for improved NRM outcomes in Queensland.
43

 

The values are based on choice modelling valuation surveys conducted in 2005, and assess the 

values of improved natural resource management outcomes in terms of: 

 improvements in soil condition 

 healthy waterways 

 healthy vegetation. 

Surveys were conducted in four regions (Brisbane, Toowoomba, Mackay and Rockhampton), and 

related to improved NRM outcomes in four regions (SEQ, Murray–Darling area, Mackay Whitsunday 

area and Fitzroy Basin). Households were selected randomly, using a drop-off/pick-up technique. 

Response rates were high, ranging from 50% to 70%, resulting in 1314 surveys being collected. 

Overall, when regional samples were combined, the following values were calculated: 

 A 1% improvement in soil condition was valued at $3.72 per household per annum. 

 A 1% improvement in healthy vegetation was valued at $2.88 per household per annum. 

 A 1% improvement in healthy waterways was valued at $5.80 per household per annum. 

Values were based on WTP annually over a 15-year period.  

Thus, respondents valued water health most highly, with improvements in soil rating second, ahead of 

improvements in vegetation condition. 

River ecology improvements in the European Union 

Hanley et al. (2005)
44

 estimated values for three indicators of ecological status of rivers in England 
(River Wear, County Durham) and Scotland (River Clyde): 

 healthy wildlife and plant populations 

 absence of litter/debris in the river 

 river banks in good condition, with only natural levels of erosion. 

Both rivers would require moderate improvements in order to meet the European Union’s ‘good 

ecological status’ requirements, which was viewed as typical of most water bodies in the United 

Kingdom. 

Using a choice experiment method, survey respondents were asked their WTP via higher water rates 

for river improvements, with the following results: 

 WTP to improve river ecology from ‘fair’ to ‘good’: ₤20.17 

 WTP to improve aesthetics from ‘fair’ to ‘good’: ₤16.91 

 WTP to improve banksides from ‘fair’ to ‘good’: ₤21.53. 

                                                 
43

  Windle J and Rolfe J 2006, Non market values for improved NRM outcomes in Queensland, Research 
Report 2 in the non-market valuation component of the AGSIP Project # 13 ‘Economics and Natural Resources 
Management in Queensland’, funded under the National Action Plan for Salinity and Water Quality: State-level 
Investment Program—Agriculture. 
44

  Hanley N, Wright RE and Alvarez-Farizo B 2006, ‘Estimating the economic value of improvements in 
river ecology using choice experiments: an application to the water framework directive’, Journal of 
Environmental Management, 78:183–193. 
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However, tests of the validity of the results were not supportive of using the values for benefit transfer. 

Recreational benefits of higher water quality  

Rolfe et al. have undertaken studies of use values associated with higher water quality in Queensland 

and Australia; a number of overseas studies also exist. 

Improved recreational fishing due to higher water quality (Queensland dams) 

Rolfe et al.
45

 researched Queensland recreational fishers’ WTP for a 20% improvement in catch rates 

in inland waterways. Values ranged from $19 per angler at the Fairbairn Dam to $43 per angler at the 

Boondooma Dam.  

If these figures represent the WTP of SEQ recreational fishers for water quality improvements, this 

suggests that the value to recreational fishing of a 20% improvement in water quality in the region is 

between $9 million and $20 million (based on an estimated 475,253 recreational fishers in SEQ, as 

estimated by the NRIFS). 

Water quality values for United Kingdom rivers 

Bateman et al. (2006)
 46

 evaluated the benefits of improving the water quality of the currently polluted 

River Tame (Birmingham, United Kingdom). The data was acquired by means of a survey to 

determine WTP for small, medium and large improvement levels in water quality, defined as follows: 

 small improvement level: return of a few fish, improved plant growth, water adequate for 
waterfowls, as well as boating (but not swimming) 

 medium improvement level: water good enough for fishing and boating (but not swimming) and 
increased numbers of insects and wildlife 

 large improvement: return of fish along with good game fishing possibilities, an increase in plants 
and wildlife, suitability of water for boating and swimming. 

The annual mean WTP per household ranged from £7.60 for a small improvement in water quality to 

£23.28 for a large improvement in water quality when based on the contingent valuation data, and 

from £8.64 (small improvement) to £31.50 (large improvement) when based on CR data. 

Enhanced recreational opportunities from higher water quality, Denmark 

Atkins and Burdon
47

 used a contingent valuation survey to estimate the benefits of reduced 

eutrophication—that is, improvements in water quality due to reduced nutrient levels (phosphorus and 

nitrate)—in the Randers Fjord in Denmark. Benefits were associated with recreational activities and 

tourism, as the fjord is a popular location for angling, boating, water sports, camping and swimming.  

Seventy per cent of respondents indicated that they were ‘definitely’ or ‘probably’ in favour of an 

increase in taxes to fund an action plan to reduce eutrophication over a 10-year period, and average 

maximum WTP was estimated at €12.02 per month over that period. This implied potential total 

benefits for the county of €5.5 million per month over the period. 

                                                 
45

  Rolfe J, Prayaga P, Long P and Cheetham R 2004, Estimating the value of freshwater recreational 
fishing in three Queensland dams, report prepared for the Queensland Department of Primary Industries. 
46

  Bateman IJ, Cole MA, Georgiou S and Hadley DJ 2006, ‘Comparing contingent valuation and contingent 
ranking: a case study considering the benefits of urban river water quality improvements’, Journal of 
Environmental Management, 79: 221–231. 
47

  Atkins JP and Burdon D 2006, ‘An initial evaluation of water quality improvements in the Randers Fjord, 
Denmark’, Marine Pollution Bulletin, 53:195–204. 
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Commercial fishing 

SEQ waterways are a major site of commercial fishing activity. Good quality water is significant for the 

commercial (and recreational) fishing industry, as 75% of fisheries production depends directly on the 

estuarine environment for at least one stage of the life cycle.
48

 

Non-use/existence values 

Option, existence and bequest values 

Given the large number of uses provided by waterways in SEQ, it would be expected that individuals 

would be willing to pay to maintain waterway health to retain the option of using them in the future. 

There has been very little relevant research in this area, although a recent survey by Windle and 

Rolfe (2006) suggests that non-use values are highly significant. They found that Queensland 

respondents rate non-use values more highly than use values in the case of the Great Barrier Reef.  

Option value of water resources  

There have been few studies of these values. In one of the few Australian studies on option, 

existence and bequest values, Rolfe and Windle estimated that Brisbane households were willing to 

pay $22.80/year to preserve 15% of water resources in the Fitzroy Basin to retain the option of using 

them in future.
49

 It is likely that SEQ residents would place a higher value on the preservation of water 

resources in SEQ. 

Existence value of endangered species 

Water cycle investment can assist in preserving habitats and dependent endangered species, which 

have existence values (people value simply knowing that such species exist), outside of any use 

value. 

Existence values have been determined to exist for various endangered species outside Australia 

(grizzly bears, sea otters, bald eagles, sea turtles, humpback whales and grey wolves), as reviewed 

by Loomis and White.
50

 

It is likely that Australian and, more specifically, Queensland species (e.g. the green turtles and 

dugongs found in Moreton Bay) would also have non-use or existence values, which could be 

preserved through protection of habitat—although surveys of such values have not been undertaken. 

Nevertheless, other studies suggest that existence values might be held for vulnerable species in 

Moreton Bay.
51

 

Bequest values 

There are very few studies in Australia of bequest values (the value of knowing that a wilderness area 

or species will be preserved for future generations). Duthy has conducted a contingent valuation study 

                                                 
48

  Institute for Sustainable Regional Development 2005, Considering the economic and social impacts of 
protecting environmental values in specific Moreton Bay / SEQ, Mary River Basin / Great Sandy Strait region and 
Douglas Shire waters, report prepared for the Queensland Environmental Protection Agency, March. 
49

  Rolfe J and Windle J 2005, ‘Valuing options for reserve water in the Fitzroy Basin’, Australian Journal of 
Agriculture and Resource Economics, 49:91–114. 
50

  Loomis and White D 1996, ‘Economic benefits of rare and endangered species: summary and meta-
analysis’, Ecological Economics, 18:197–206. 
51

  Clouston E 2002, ‘Linking the ecological and economic values of wetlands: a case study of the wetlands 
of Moreton Bay’, PhD thesis, Griffith University. 



 28 

 

that examines community support for dedicating a state forest in north-east NSW as a national park; 

he found a WTP for non-consumptive use and non-use values of $18.89/year for three years.
 52

  

Visual and aesthetic values 

The economic value of improving the visual and aesthetic amenity of the region’s waterways is 

difficult to ascertain. One approach is to gauge the effect of water quality on residential house prices. 

There is clear evidence that properties with waterfront access command market premiums. KPMG
53

 

reports that water frontage residential allotments had an average 97% premium on unimproved 

capital value compared with non-waterfront properties. More recent reports confirm that prices in 

waterfront areas command substantial premiums.
54

  

It is expected that housing prices would be affected by lower water quality standards, particularly if 

those standards have an impact on health, recreation, odour or visual amenity. Research in this area 

is uncommon, especially when compared to research on the effect of air quality on house prices. 

However, Read, Sturgess and Associates
55

 report that algal blooms in Australia have been shown to 

affect property prices, and a recent study
56

 using the hedonic property pricing technique shows that 

water quality has a significant effect on property values along Chesapeake Bay, Maryland, in the 

United States. Specifically, that study found that an increase of 100 faecal coliform counts per 

hundred millilitres of water reduced property prices by 1.5%. The authors concluded that setting a 

county-wide standard of 200 counts per hundred millilitres would have benefits, measured in terms of 

increased property values, of up to US$12.1 million.  

Biodiversity protection / water quality 

Van Bueren and Bennett (2004)
57

 examined value estimates via a choice modelling questionnaire for 

land and water degradation in Australia. They estimated one non-use value, relating to species 

preservation, and found that respondents were willing to pay $0.67/year per species protected. 

In addition, use values of environmental attributes were estimated as follows: 

 improvements in waterway health: $0.08 per 10 kilometres restored 

 improvements in countryside aesthetics: $0.07 per 10,000 hectares of farmland and bush 
restored. 

Maintenance of water quality reduces stress on ecosystems and assists in biodiversity protection. 

There is ample evidence that residents of SEQ value biodiversity protection highly. Examples include 

the following:  

 Clouston
58

 reported values held by Brisbane residents for wetlands protection in Moreton Bay, 
estimating values of between $11 and $19 per household. 
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 Robinson et al.
59

 reported protection values for the Bremer River, where households were willing 
to pay $36/year for a moderate improvement in water quality, and $87/year per household for a 
substantial improvement. 

 Windle and Rolfe
60

 (2004) reported significant community values for the protection of an estuary 
in the Fitzroy catchment. Brisbane households were willing to pay $0.08 for a 1-kilometre 
improvement of waterway health and $3.17 for a 1% improvement in the health of the river 
estuary. 

 Rolfe et al
61

 (2002) reported that Brisbane households were prepared to pay $0.02/km to 
improve waterway health. 

In 2005, Rolfe et al.,
62

 using the more conservative $0.02 figure, concluded that the non-use value of 

a 10% improvement in estuary health would be $33.2 million per annum, and the value of biodiversity 

protection could be as high as $200 million per annum to SEQ residents. 
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