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Preface
This guide sheet forms part of a suite of documents to make up the
Planning for Resilient Water Systems framework, which comprises
four components:
1)	An assessment framework summary: an integrated overview of
the rationale for the framework and each of the steps and
activities that it comprises.
2) A process map: a clear and concise visual representation of the
seven steps and more than thirty activities that make up the
process of applying the assessment framework
3)	A process manual: a detailed guide to the why, what, how, and so
what of each activity within the process.
4)	A set of analytical method guide sheets: nine documents that
each explore and explain a key methodology for the necessary
analysis for both strategy and operational decisions that flow from
the framework.
The guide sheets provide detailed methodological advice to underpin
both the strategic planning process and operational decision-making
at a project level. The guide sheets fall into three logical groupings:
• Methods for assessing the performance of measures and/or portfolios of
measures in achieving the key performance criteria. These include Cost
Effectiveness Analysis, Cost Benefit Analysis, Problem Structuring
(MCDA), Resource Intensity (Life Cycle Analysis) and Monetisation.
• Methods for testing the assumptions used in the strategic analysis or
the project level analysis. Using Sensitivity Analysis, the sensitivity
of the outcome to changes in the assumptions can be assessed.
• Methods for assessing strategies that ensure flexible and robust
portfolios of measures in response to uncertain influences. These
methods (Scenario, Probability, and Decision Analysis) operate at a
strategic level only.
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1. Purpose and relevance

1 In the context of the
urban water sector, CEA
may also be useful to
compare water supply
options in terms of
their greenhouse gases
environmental impacts
translated to a dollar
value per megalitre of
water supplied.

Cost-Effectiveness Analysis (CEA) is a useful method for comparing
a broad suite of measures including both supply- and demand-side
options. It helps to determine the least cost means of achieving a
specified objective or target such as filling a supply-demand gap or
achieving a 25% reduction in per capita potable demand by a specified
year. (Mitchell et al., 2007, Fane et al., 2011).1 CEA uses the present
value of the (net) cost per kilolitre of water saved or supplied ($/kl),
that is, it takes into consideration both the costs and benefits for each
option using a full economic assessment and consistent boundary of
analysis. CEA seeks to consistently include the capital, operating and
avoided costs that accrue to the various key stakeholder perspectives
(e.g. government, utility, customer). It may be extended further to
include greenhouse gas emissions and other externalities beyond the
monetisation frontier (see Figure 1). Refer to the Monetisation guide
sheet in this series
figure 1

The monetisation frontier
Source: Mitchell et al.,2007
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Both CEA and CBA are widely recognised and accepted as valid
decision-making support methods with various strengths and
limitations (see Box 1 for key differences between CEA and CBA on
the next page). However, one advantage of CEA in relation to CBA is
that it aligns with the existing Integrated Resource Planning (IRP)
framework advocated by the Water Services Association of Australia
(WSAA) and the National Water Commission (NWC) and avoids the
difficulties involved in measuring urban water supply servicing
values in dollar terms (Fane et al., 2011; Turner et al., 2010).
The strengths and limitations of CEA, and the possibility of
combining it with other methods to support a more robust decisionmaking process, are further explored in the following sections.
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1. Purpose and relevance (cont)
1.1 Expected Outcomes
Cost Effectiveness Analysis provides:
• the discounted future costs and benefits in Net Present Value (NPV)
of the various options being considered.
• the option that achieves the desired outcome (e.g. expressed as a unit of
target achieved) with the least social cost (or maximum social benefit).

1.2 b
 road relevance for water supply
and demand planning
When investigating how to meet an objective such as closing a
supply-demand gap or meeting a specific target it is now expected
in the water industry that a suite or portfolio of options involving
both supply- and demand-side measures will be necessary. CEA is
well suited to contrast suites or portfolios of options in urban water
planning where the underlying objective of providing water services
to a community is an accepted public good.
There are now many examples of CEA having been used in the water
industry in Australia, with varying levels of the costs and benefits (see
Figure 1, on previous page) incorporated into the analysis. For various
reasons many of these do not currently include, for example, avoided
costs. However, there is increasing pressure for water service providers
to integrate an ever broader range of sustainability impacts that are
not conventionally captured through CEA. To address this, alternative
quantitative and qualitative approaches can be used to complement
CEA (Fane et al., 2011).
Box 1

Cost-Effectiveness Analysis and Cost-Benefit Analysis compared
Cost-Effectiveness Analysis (CEA) enables the comparison of alternative ways of achieving the same
objective(s) (Hanley and Spash., 1993). When deciding between various options, CEA can be used to rank
the options according to least cost to achieve the same outcome.
When considering water projects, the decision metric is often expressed in $/kL. The ‘$’ represents
the net costs (total costs less total benefits) of the option. As in CBA, these net costs are discounted
and would typically include CAPEX and OPEX. Also as in CBA, the net costs can include externalities.
However, unlike CBA, the value of water itself is represented in physical units (kilolitres saved or
supplied) rather than in $ units.
Cost-Benefit Analysis (CBA) involves identifying the dollar values for all costs and benefits associated
with an action, project or policy. The decision metric is the net benefit or net cost, or the ratio of total
benefits to total costs. Costs and benefits are expressed in present value (discounted) terms, to take into
account the time value of money.
When deciding whether to implement a specific project, CBA can be used to determine whether the
project’s total benefits outweigh its total costs – that is, whether its benefit-cost ratio is greater than 1.0.
When deciding between a range of options, CBA can be used to rank options in order of benefit-cost
ratio or net present value.
Why CEA? The main argument for CEA is that when expectations for the objective (such as water
service levels) are established through other public policy processes, CEA then becomes a transparent
way of comparing options to meet this public objective.
© Smart water fund
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2. Strengths and limits
2.1 Key Strengths
One of the key advantages
of CEA is that it encourages
economic and resource
use efficiency.

Another key advantage
of CEA is that it enables
relative comparison
between urban water
direct costs and
sustainability impacts.

One of the key advantages of CEA is that it encourages economic
and resource use efficiency. Failing to consider cost effectiveness
can result in solutions that meet environmental objectives at
unnecessarily high economic cost and resource use intensity. A focus
on cost effective services allows for many demand-side options to be
revealed as low impact and highly cost effective. Thus, potentially
favoring a better integration of supply- and demand-side options,
when compared to other sustainability assessment methods (Mitchell
et al., 2007). By actively exploring a range of options, CEA reduces
the risk of investing large amounts of capital on one specific project
and encourages investment in suites of options that can assist in
providing a more resilient water system, which is better able to
deal with both trend and shock influences. Refer to the Options
Assessment Framework document in this series.
CEA uses a single dollar metric and through economic valuation
of externalities it is possible to place a dollar value on some
sustainability impacts. Therefore, another key advantage of CEA is
that it enables relative comparison between urban water direct costs
and sustainability impacts (Fane et al., 2011). However, although
some sustainability impacts can be incorporated into CEA via
monetisation, in most IRP studies to date, this has not occurred
beyond greenhouse gas emissions (Fane et al., 2011). Other types
of externalities less commonly considered include the regional
economic impact, river health, customers’ perceptions, landscape,
and intrinsic values of nature. A major challenge consists in the fact
that many environmental and social impacts are not reflected in
market transactions and can only be reflected indirectly.

2.2 Key limitations
Different methods for monetisation of externalities can be used in a
CEA. However, each has its challenges and limitations. In addition,
even though it is technically possible to determine, the monetary
value of practically almost any kind of sustainability impact (through
different valuation methods), there are some values that may be
considered as intangibles by its stakeholders and therefore should
not be translated into dollar values (Fane et al., 2011). Refer to the
Monetisation guide sheet in this series.
A key emphasis and challenge is the consideration of the ‘value
of water’ and how to incorporate it into the assessment of water
supply- and demand-side options. Through economic evaluation and
monetisation of costs and benefits (values) of water in different uses,
CEA enables ‘values of water’ to be captured in the ‘net cost’ per kL.
Although, alternative quantitative and qualitative approaches may
allow a better and more accurate representation and incorporation
of water values in the decision-making process. These are further
discussed in the Costing for Sustainable Urban Water Outcomes
Guidebook (Mitchell et al., 2007).

© Smart water fund
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2. Strengths and limits (cont)
A further limitation of CEA is that it assumes that the unit of water
supplied or saved for each of the options being assessed has the same
value. For example, it assumes that all options have the same supply
reliability characteristics during drought and that the quality of water
generated or saved is the same. Issues associated with reliability have
become increasingly important over the last decade whilst many
cities have seen their worst droughts on record. In addition, not all
kilolitres of water supplied or saved are the same (e.g. potable water,
rainwater, stormwater and recycled effluent).
Reliability and security of supply (which are also an important
distinguishing feature of alternate sources) and the quality of water
supplied or saved need to be incorporated into decisions. Whilst CEA
is capable of capturing some of these related characteristics, other
analytical tools within the decision making framework may be more
appropriate. The guide sheet focused on uncertainty, and the Process
Map in this series, provide a process for accounting for uncertainty.
Another common argument against CEA is that it does not question
whether the underlying objective, to which the options being compared
contribute to, is itself worth public investment. CEA can be used to
compare a range of options and determine which one is the most
cost effective to provide secure urban water services. However, it
assumes that provision of secure urban water services – the underlying
objective – is necessary for society. In this case, a counter-argument
can be that securing urban water services is a widely accepted and
recognised public goal. The argument might also lose relevance if the
value to society of the underlying objective is considered through other
decision-making processes prior to or in parallel with conducting a
CEA. For example, stakeholders may be involved at an earlier stage
of CEA to define the objectives that the cost effectiveness of options
will be assessed against (Fane et al., 2011). The Options Assessment
Framework in this series takes this form of overarching objective into
consideration. Please refer to the Options Assessment Framework
document and other guide sheets in this series.
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3. Process
3.1 Method steps
The general process of conducting CEA for an urban water system being
assessed typically comprises of the following key steps (Mitchel et al., 2007):
1) Frame the study
• Describe the objectives
• Describe the system
• Adopt and articulate specific cost perspectives
• Define key economic parameters
• Determine the treatment of externalities
2) Characterise the study
• Develop a water balance model
• Specify a base case – the ‘do nothing’ scenario
• Define a broad range of options and develop alternative system
configurations
3) Identify and specify costs and avoided costs
• Specify costs to include
• Specify avoided costs and benefits to include
• Specify and quantify externalities
4) Analyse and report incremental costs
• Compare options using discounted cash flow analysis
• Consider uncertainty and conduct sensitivity analysis
• Document analysis
Refer to the Guidebook ‘Costing for Sustainable Outcomes in Urban
Water Systems’ (Mitchel et al., 2007) for further details of this process.
Similar steps are also articulated in the IRP process outlined in the
Guide to Demand Management and Integrated Resource Planning
(Turner et al., 2010).

3.2 Inputs
After framing the study in step 1 above it is necessary to develop a
water balance model. This assists in identifying both current water
demand and future demand projections. Such models (e.g. the
integrated Supply Demand Planning model – the iSDP model) now
typically involve disaggregation of demand into sectors: residential
(single and multi-residential), non residential (commercial, industrial
and institutional) and non revenue water (unavoidable annual real
losses and current annual real losses) and where feasible end uses (i.e.
toilets, showers, washing machines). This disaggregation of demand
assists in understanding the base case or ‘do nothing scenario’
and the conservation potential which demand-side options can be
designed to tap into.
Having built a demand forecasting model it is essential to develop a
suite of supply- and demand-side options to meet the desired objective
(e.g. fill the supply-demand gap, meet a demand reduction target).
Water service providers are very familiar with determining the capital
and operating costs and yield associated with new potential supply
options required for detailed options modeling. However, they are
© Smart water fund
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3. Process (cont)
often less familiar with the costs and yield associated with demandside options. There are now a number of resources on demand-side
options documenting how to design and calculate both the costs and
yield of such options (Turner et al., 2010) and a wealth of experience
of implemented and in some cases evaluated (post implementation)
programs in Melbourne and parts of regional Victoria.
As indicated in step 3, when designing demand-side options it is
critical to specify the costs and avoided costs and benefits to include.
Options should include all the capital and operating costs as you would
for a typical supply-side option (e.g. a desalination plant). For example,
for a rainwater tank rebate, the option costs should as a minimum
include the total cost of a tank, pump, pressure vessel, piping, plinth
etc. (including the implementation costs) and the on-going operational
costs associated with maintenance and the energy needed for the
pump. The costs should also include replacement costs of major items
such as pumps. These full costs are needed in a CEA, not the narrower
financial costs (e.g. the cost of the rebate to the utility).
Expanding the boundary of analysis to avoided costs, such as
incorporating the savings in energy bills to customers from
installation of efficient 3 star showerheads, should be consistent
across both supply- and demand-side options. This is similar for
externalities whether considered quantitatively or qualitatively.

3.3 Outputs
An example of the output of a simplified CEA process is shown in
Figure 2 (see next page). The CEA exercise was conducted to support
initial strategic decision-making on how to achieve the ACT
Government’s potable water demand reduction targets (Turner
and White., 2003). The process involved: designing a broad suite of
demand-side options ranging from residential indoor audits/tune-ups
to rainwater tank rebates; calculating the associated yields; costing
the options; identifying the various cost perspectives; ranking the
options based on their present value unit cost; and comparing against
supply options developed by the water utility. Figure 2 shows that
even with a simplified analysis that did not incorporate the full suite
of avoided costs and externalities (due to time constraints), that the
demand management options investigated have a considerably lower
unit cost (present value $/kL) compared to source substitution, reuse
and supply options.
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3. Process (cont)
figure 2

Comparison of whole-of-society levelised costs
Source: Turner & White (2003)
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To further assist in deciding which options should be taken forward for
further investigation, the unit cost ($/kL) of each option or combinations
of options can be plotted against the water saved or supplied (ML/a) by a
specific year (e.g. a target year) as shown in Figure 3. (See next page) This
helps to see the contribution of yield from each option.
In this specific example, it was found that the demand management
options could achieve the 2013 demand reduction target but would
fall short of the 2023 target. Hence, additional source substitution
and reuse options would also need to be employed to meet the 2023
target. However, many of the source substitution and reuse options
had a higher unit cost than the supply-side options, thus challenging
whether the ACT should conduct further investigations (to ensure
maximum cost effectiveness) before investing in the more expensive
source substitution and reuse options.

© Smart water fund

Water Supply and demand investment Options Assessment Framework8

Cost-Effectiveness Analysis

3. Process (cont)
figure 3

Supply curve in 2023, excluding supply options
Source: Turner & White (2003)
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3.4 Avoidable pitfalls and best practices
As with any other sustainability assessment method, there are a
number of pitfalls associated to the CEA process. A number of best
practices are critical to avoid these and ensure sustainable urban
water outcomes. A transparent and consistent definition of the
project boundary is fundamental to CEA and any other comparative
analytical process. It defines whose cost perspectives and which
costs/benefits are included/excluded (Mitchell et al., 2007).
1) Cost perspectives
One of the critical dimensions of CEA is the perspective from which
the costs and benefits of a certain project are accounted for. In a more
traditional approach only the financial perspective of the water utility
is considered because historically only supply-side options were really
considered. However, this narrow utility financial analysis does not
reflect the broad spectrum of options now available. Neither does
it represent a full CEA where the costs and benefits from multiple
stakeholders involved in such options need to be incorporated
(e.g. government, utility, customer). For example, when evaluating
supply-demand options, if only the water utility cost perspective is
taken into account, the utility would be unlikely to invest in demand
management options because they would be seen to merely reduce
utility revenue. However, if the same analysis adopts a whole-ofsociety cost perspective which incorporates the costs and benefits
of multiple stakeholders then investing in demand-side options is
likely to have a lower overall cost to society than supply augmentation
© Smart water fund
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3. Process (cont)
(White and Fane, 2002). Therefore, in the context of urban water
planning, a ‘whole-of-society’ approach that accounts for the cost
perspectives of all significant parties affected by the decision needs
to be considered. Cost perspectives can include various parties such
as the water supply and wastewater authorities, the customers, the
developer, and the local government (Mitchell et al., 2007). These can
vary significantly. The Guide to Demand Management and Integrated
Resource Planning has a more detailed account of this concept, and
includes a discussion on the importance of other cost tests, such as
total resource and societal costs (Turner et al, 2010).
Having undertaken CEA of a suite of options it is then useful to
analyse a range of financial cost perspectives. This enables portfolios
of options to be designed to reflect equity, as it shows how costs can
be shared between the stakeholders, providing a basis for negotiation
between the parties towards the overall lowest net cost to all parties
and ensure revenue neutrality for the water utility (Mitchell et al.,
2007, Turner et al., 2010).
2) Identification and treatment of externalities
Although some sustainability impacts can be incorporated into CEA
via monetisation, many are not reflected in market transactions.
Therefore it may not be appropriate to represent these in dollar values.
As an alternative to direct monetisation processes, other approaches
may be more appropriate to internalise externalities into a cost
analysis of urban water (Mitchell et al., 2007) (See the Monetisation
guide sheet).
One approach consists of setting goals or limits for certain types of
sustainability impacts that all options considered should meet (for an
example, see Mitchell et al., 2007, Fane et al., 2011).
Another approach consists of a qualitative assessment, where
through appropriately designed deliberative or participatory
processes each option is ranked against relevant sustainability
criteria. This can be followed by scenario analysis. Alternative
scenarios can be developed from the criteria assessments and
compared on a net present value or used to help to explore different
risks and risk trade-offs (Mitchell et al., 2007).

Qualitative assessment
is the primary means by
which externalities that
are selected to be held
outside of the cost analysis
are then assessed by a
decision maker.

© Smart water fund

Qualitative assessment is the primary means by which externalities
that are selected to be held outside of the cost analysis are then
assessed by a decision maker. While scenario analysis may be used
in major cost analysis studies (e.g. development of a supply-demand
strategy for a metropolitan region), for smaller studies, it might not be
warranted (Mitchell et al., 2007).
3) Time value of money
The time value of money is a key concept of CEA. In most cases, the
costs and benefits of a project are distributed over time. Typically,
people prefer paying for costs as late as possible and receiving benefits
as early as possible. In addition, “as a society we tend to invest more
in the present if the potential future benefits outweigh our desire
for consumption in the present (Hajkowicz et al., 2000)”. When
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3. Process (cont)
considering the time value of money from this perspective, a dollar
available for investment today is more valuable than a dollar that will
only become available later in time (Hajkowicz et al., 2000).
In CEA these aspects are taken into account by discounting future
costs and benefits to present values and presenting them in terms of
their Net Present Value (NPV).
However, discounting is a controversial topic. Although it is consistent
with economic theory, discounting future costs and benefits that
represent sustainability impacts bears ethical or moral issues (Fane
et al., 2011). The selection of the discount rate is also an issue of
contentious debate. Conventional discount rates may be too high
and inappropriate to assess future sustainability impacts. These may
overestimate the true social discount rate of some natural resources
and environmental services, particularly when perceptions of risk are
taken into account (Fane et al., 2010). Since discounting can have a
significant impact on the outcome of the cost analysis, it is crucial to
include it coherently and transparently. (For further discussion about
discount rates, see also Monetisation and CBA guide sheets)
Project evaluations should normally be undertaken in real values; that
is, costs should only be directly compared if they represent values in
the same year (including the present). This is based on the assumption
that future inflation will affect all costs and benefits equally. Where
this assumption is does not hold true, cash flows should be explicitly
adjusted for the relevant inflation separately (Commonwealth of
Australia 2006). In addition, the period of analysis should be long
enough to reflect a concern for sustainable outcomes, and should be
consistently applied across all options (Mitchell et al., 2007).’
A best practice approach is to conduct a sensitivity analysis using a
range of higher and lower discount rates, and clearly report where
the ranking of options is sensitive to the choice of the discount
rate (Hajkowicz et al., 2000, Fane et al., 2011). To provide greater
information to decision makers and provide greater transparency to
the process, a sensitivity analysis should also be performed for all
other key assumptions on the values of goods (Hajkowicz et al., 2000)
(See the Sensitivity Analysis guide sheet).

Levelised cost is used as
a measure of the present
value unit cost of water
supplied or saved.
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4) Discounting of water – Metrics of unit cost
Levelised cost is used as a measure of the present value unit cost of
water supplied or saved, and allows for the variation in both cost
and water demand over the life time of the option or programme It is
defined as the present value of the stream of costs over a set period
divided by the present value of the stream of water supplied or demand
saved over the same period . This approach must be applicable to
both supply and conservation options and provide a fair comparison
of relative costs across scales. The period over which an analysis is
conducted will have a significant impact on the cost outcome due to
the lack of discounting of the supply or saving. For example, if a long
period is taken for the life of a dam, then not discounting the supply
or the saving will give an inappropriately low unit cost of supply.
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3. Process (cont)
Conversely, for a shorter assessment period, large scale water supply
projects would not approach their design capacities and would have
significant overcapacity in the short term (Fane et al 2002).
Discounting can lead to misleading comparisons when comparing
supply and conservation projects that are dramatically different in
size or timing of future flows of money or water, therefore the levelised
cost of conserved water has been defined as the discounted cost per
unit of discounted demand or saving (Fane & White 2003). Here the
numerator is the present value of all initial and future costs incurred
by the intervention and the denominator is the discounted amount
of all initial and future water savings or supplies. The numerator is a
financial value, the denominator is a quantity of water and the ratio
itself is a discounted cost per discounted unit of water. This ratio
scales both money and water quantities according to the times they
occur. (Turner & White 2003).
5) Transparency
The case for using CEA is strengthened, not weakened, if its
limitations are openly recognised and indeed emphasised. Best
practice of CEA demands that its pitfalls are acknowledged and
clearly reported. For example, the period over which the analysis
is conducted should be openly disclosed, since this could lead to
misleading results and a false appreciation of the analysis, as was
illustrated in the example above.
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4. Case studies
In this section a number of CEA case study examples associated with
water planning are identified which can be referred to for further details.

Incorporating avoided
costs and benefits would
in the majority of cases
make the demand
management options
even lower costs options.

Details of the ACT Water Strategy (Turner and White 2003) are
provided in Section 3 above. This case study demonstrates a rapid
approach to CEA required for a strategic plan where time, resources
and data were limited. In this case only the full costs of each option
were considered (i.e. no avoided costs were incorporated) due to severe
time constraints associated with developing the strategy. Even with
this partial CEA it was feasible to determine the full costs for each
option and the various cost perspectives of stakeholders involved.
Even without incorporating avoided costs and benefits it was found
that demand management options were the lowest cost options ($/kL)
and could potentially achieve the 2013 demand management target
and make a significant contribution to the 2023 target. Incorporating
avoided costs and benefits would in the majority of cases make the
demand management options even lower costs options.
A more detailed example of CEA can be seen in investigations
conducted for Alice Springs (Turner et al., 2007). This case study is
interesting because it provides an example of a more detailed CEA,
which incorporates benefits at varying levels illustrated through
three separate scenarios. This enables the NT Government to see
how incorporation of the benefits of different stakeholders can justify
investment in more comprehensive water efficiency programs.
The study also looked carefully at the various cost perspectives. A
financial analysis was undertaken to determine the implications to
the water utility (Power and Water) and the increase in price of water
needed to maintain revenue neutrality.
In this investigation a demand forecasting and options model was
developed that enabled the design of over 30 demand-side options. The
study included the review and analysis of the whole of society costs
and benefits, consideration of ‘who pays’, analysis of avoided costs,
development of cash flow for various stakeholders and comparison of
the prefered suite of options against the ‘reference case scenario’. It also
investigated the economic benefits to the community versus financial
implications to the utility and how a price pass through was necessary
to ensure revenue neutrality for the water utility.
It was found that, considering costs alone (from the perspective of the
government, utility and customer), the present value unit costs ranged
from $0.06/kL for minimum water efficiency performance standards
(MWEPS) through to $22/kL for a rainwater tank rebate. These options
were then ranked according to their present value unit cost. Five of the
options had a unit cost of less than the marginal cost of water, which
is low in Alice Springs compared to other urban centres reflecting
the absence of an imminent need for major new infrastructure. A
scenario approach was taken to reviewing the benefits with three
sets considered: the avoided costs of reduced water and wastewater
supply; estimated value of greenhouse gas emmisions reduction
associated with reducing energy in both water supply and hot water
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4. Case studies (cont)
usage by customers; and customer energy bill savings associated with
reducing hot water usage. Each of the scenarios were chosen as the
point at which the cummulative present value $ of the benefits still
outweigh the cummulative present value costs. When the broader
societal benefits were considered the analysis showed that nearly all
the 30 options could be implemented, providing a significant potential
benefit to the community including extending the life of the current
water resources and deferring the need to develop a new source.
However, to share the benefits and maintain revenue neutrality the
price of water would need to be increased marginally.
The Review of the Sydney Metropolitan Water Plan (White et
al 2006) demonstrates a case study where CEA was used to assess
supply- and demand-side options in a drought situation. The options
included the innovative concept of a ‘drought readiness’ option.
This identified undertaking preliminary work required to get a
desalination plant ‘ready’ for construction (i.e. identifying a site,
environmental assessment, detailed design) without the cost of
the build. In effect, it acts as an insurance policy, ensuring supply
demand can be met if required by having a trigger for construction
when/if the drought and associated dam levels hit a predetermined
level allowing for the lead time of the build (up to 2 years). The
option was implemented for a period before pre-election political
circumstances prompted by declining storages (above the trigger
level) lead to a commitment to build. A further point to note with
CEA is that the denominator in $/kL implies ‘kL saved or supplied
which contribute to meeting a supply-demand gap’. If a large supply
option is built (e.g. desalination) which provides capacity such
that dams begin over-filling, then in fact all kL are not the same,
particularly those in excess of what is required to meet the
supply-demand balance. Consequently, a portfolio view is required
to ensure the package of options selected is appropriate and sensible
for meeting the supply-demand balance.
Locations such as Ballarat in regional Victoria have had to deal with
drought for several years and have recently invested in large supply
schemes to avoid ongoing severe restrictions and in some locations
the real risk of running out of water. Recent studies carried out for
Central Highlands Water (Giurco et al 2011) have investigated demandside options. However, as in many areas that have invested heavily in
major infrastructure the standard CEA assessment to determine the
lowest unit cost options for implementation is not necessarily enough
to justify a demand management program. Hence further analysis
into capturing the benefits is required and additional arguments are
needed such as the need to maintain resource efficiency and respond
to public perception on wastage and sustainability
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Preface
This guide sheet forms part of a suite of documents to make up the
Planning for Resilient Water Systems framework, which comprises
four components:
1)	An assessment framework summary: an integrated overview of
the rationale for the framework and each of the steps and
activities that it comprises.
2) A process map: a clear and concise visual representation of the
seven steps and more than thirty activities that make up the
process of applying the assessment framework
3)	A process manual: a detailed guide to the why, what, how, and so
what of each activity within the process.
4)	A set of analytical method guide sheets: nine documents that
each explore and explain a key methodology for the necessary
analysis for both strategy and operational decisions that flow from
the framework.
The guide sheets provide detailed methodological advice to underpin
both the strategic planning process and operational decision-making
at a project level. The guide sheets fall into three logical groupings:
• Methods for assessing the performance of measures and/or portfolios of
measures in achieving the key performance criteria. These include Cost
Effectiveness Analysis, Cost Benefit Analysis, Problem Structuring
(MCDA), Resource Intensity (Life Cycle Analysis) and Monetisation.
• Methods for testing the assumptions used in the strategic analysis or
the project level analysis. Using Sensitivity Analysis, the sensitivity
of the outcome to changes in the assumptions can be assessed.
• Methods for assessing strategies that ensure flexible and robust
portfolios of measures in response to uncertain influences. These
methods (Scenario, Probability, and Decision Analysis) operate at a
strategic level only.

© Smart water fund

Water Supply and demand investment Options Assessment Framework1

Cost-benefit analysis

1. Purpose and relevance
Cost-Benefit analysis (CBA) is an economic decision-making framework
that is widely used to inform public investment choices. Its primary
focus is determining whether and to what extent the benefits of a
policy, project or action outweigh the costs. By using CBA, different
options can be compared using a common dollar metric.
Using CBA involves quantifying in monetary terms the direct and
indirect impacts on all potentially affected stakeholders – including the
utility, government and community. In principle, decisions based on
CBA seek to achieve the greatest total benefit to society, in contrast to
narrower financial analyses, which might seek to maximise the return
to an individual business.
The key decision metric of CBA is the net benefit or net cost, or the
ratio of total benefits to total costs. Costs and benefits are expressed in
present value (discounted) terms, to take into account the time value of
money. (See the Monetisation guide sheet in this series). When deciding
whether to implement a specific project, CBA can be used to determine
whether the project’s total benefits outweigh its total costs
– that is, whether its benefit-cost ratio is greater than 1.0. When
deciding between a range of options, CBA can be used to rank options
in order of benefit-cost ratio or net present value.
Using CBA primarily involves considering the total (aggregate) costs
and benefits. However, appropriate use of CBA in decision-making
would not rely solely on comparing aggregates. Considering the
distribution of impacts, that is, who gains and who loses, is also key to
any public policy or investment decision.
CBA is widely recognised as a key economic approach to decisionmaking. In Australia, CBA is widely endorsed and required by State and
Commonwealth Treasuries as a crucial element of deciding whether to
implement a new regulation, and for policy and project appraisal (Fane
et al., 2011). The Office of Best Practice Regulation within the Federal
Department of Finance and Deregulation promotes CBA as a bestpractice approach to regulation decision-making (Office of Best Practice
Regulation 2007). Its acceptance as a decision-making approach
extends beyond regulatory analysis to other decisions about investing
public funds or to meet social or environmental objectives. The DTF
Economic Investment Guidelines (1996) broadly recommend a cost
benefit approach, in that they prefer a monetisation approach to assess
broad socio-economic impacts, but the Guidelines go further than CBA,
and accept alternative quantification in physical terms, or qualification
in descriptive terms for impacts that are not amenable to monetisation.

1.1 Expected Outcomes
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In broad and formal terms, a Cost Benefit Analysis process produces
two outcomes:
• it determines the best outcome for ‘allocative efficiency’, that is to make
sure that the societal benefits of a decision exceed the societal costs;
• it determines the best outcome for ‘distributional efficiency’, that is
to identify who are the overall winners and losers and to redistribute
the gains so as to minimise this.
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1. Purpose and relevance (cont)
Cost-Benefit Analysis and
Cost-Effectiveness Analysis compared
Cost-Benefit Analysis (CBA) involves identifying the dollar values for all costs
and benefits associated with an action, project or policy. The decision metric is
the net benefit or net cost, or the ratio of total benefits to total costs. Costs and
benefits are expressed in present value (discounted) terms, to take into account
the time value of money.
When deciding whether to implement a specific project, CBA can be used to
determine whether the project’s total benefits outweigh its total costs – that is,
whether its benefit-cost ratio is greater than 1.0.
When deciding between a range of options, CBA can be used to rank options in
order of benefit-cost ratio or net present value.
Cost-Effectiveness Analysis (CEA) enables the comparison of alternative
ways of achieving the same objective(s) (Hanley and Spash., 1993). When
deciding between various options, CEA can be used to rank the options
according to least cost to achieve the same outcome.
When considering water projects, the decision metric is often expressed in
$/kL. The ‘$’ represents the net costs (total costs less total benefits) of the
option. As in CBA, these net costs are discounted and would typically include
capex and opex. Also as in CBA, the net costs can include externalities. However,
unlike CBA, the value of water itself is represented in physical units (kilolitres
saved or supplied) rather than in $ units.
Why CBA? The main argument behind CBA is that, in order for a decision to
achieve economically efficient outcomes, all costs and benefits need to be
considered. However, there may be methodological and theoretical limitations
to monetising all benefits, such as that of water use.

1.2 r
 elevance for water decision-making
The strategic vision and principles for the water resources planning
management, as articulated by the Melbourne Metro utilities, is
for a sustainable, liveable, prosperous and healthy city – through
diversifying the water sources through integrated water cycle
management, empowering customers through greater choice, and
integrating water planning with urban planning in a way that allows
all sources and uses of water to be considered (Managing Directors,
2010). As CBA is intended to be a way of systematically identifying all
costs and benefits and articulating them with a common metric, there
is potential for this to help inform decisions made to meet multiple
objectives for the Melbourne urban water industry.
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2. Strengths and limits
2.1 Key Strengths
CBA provides a
methodological framework
for systematically
incorporating impacts into
a decision in dollar terms.

a) Comparability. By translating the positive and negative impacts of
an option into a consistent metric, CBA provides a methodological
framework for systematically incorporating impacts into a decision
in dollar terms (Fane et al, 2011). It enables diverse impacts to
be compared with a single index, allowing for different options
to be compared. CBA can enable financial, economic, social
and environmental dimensions to be considered with the same
emphasis, at least as far as all impacts can be meaningfully
measured in monetary terms (Melbourne Water, 2007).
b) Acceptability. CBA is a widely recognised and recommended
framework for decision making. In Australia, Federal and State
Treasuries advocate and/or require CBA as part of the project
evaluation and decision-making process. (Fane et al, 2011; Pearce et
al, 2006; Hajkowicz et al, 2000)
c) Representativeness. CBA is intended to include the gains and
losses to all members of society. However, in practice not all
affected parties may be included.
d)(Potential) transparency. Using CBA has the potential to
enhance the transparency of a decision-making process if
assumptions, theory and methods are clearly described. However,
CBA can suffer from a lack of transparency if the reasons for the
boundaries of analysis are not clearly described.

2.2 Key limitations
a) Reliance on assumptions concerning aggregating and
redistributing impacts. The decision metric of CBA, net costs
or net benefits, reflects the foundations of the approach in welfare
economics. In essence, this means that CBA rests on the assumption
that although any decision may result in winners and losers,
government can redistribute the gains from winners to losers,
leaving everyone better off (Fane et al., 2011). If these assumptions
do not hold, maximising the sum of net benefits to all individuals in
a society would not ultimately be the best outcome for society.
b) Challenges to monetisation. As described above, a key advantage of
CBA is that it enables comparison of different options using the same
dollar metric. However, this key strength of CBA is also a limitation,
as there are both methodological challenges to and ethical concerns
about monetisation, particularly about placing a dollar value on those
types of impacts that are not usually traded in markets. There are
also debates around choosing the appropriate discount rate. These
limitations are discussed further in the Monetisation guide sheet.
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CBA is best utilised with attributes whose monetisation is less
contested. For more contested attributes, other assessments
(e.g. quantification of physical characteristics, such as tonnes of
phosphorus released per annum, or qualification of less tangible
characteristics, such as aesthetic landscapes) integrated through an
MCDA process, will provide more robust outcomes. (DCLG, 2009)
(See the MCDA guide sheet)
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2. Strengths and limits (cont)

Where the boundaries
are drawn has a strong
influence on the
outcomes of the CBA,
and can have substantial
equity implications.

An important
consideration is that since
a CBA approach relies
entirely on monetisation.

c) Drawing the boundaries (deciding which impacts and who
to include). In practice, it is not realistic to value all the costs
and benefits of options in monetary terms. This gives rise to the
important question of how to draw the boundaries of analysis, that
is, which impacts and which affected parties to include. Where the
boundaries are drawn has a strong influence on the outcomes of the
CBA, and can have substantial equity implications ((Hajkowics et al,
2000 – highlights equity as a limitation).
While a key strength of CBA is that it is representative, reflecting
the values of society, the question is whose preferences are counted?
To address this issue, CBA must choose a relevant population upon
which to base its results. Identifying the relevant population and
accessing that population in a resource efficient way can entail hard
choices. Deciding on what impacts are included in a CBA and what
falls outside the confines of the project can be a highly subjective area
which requires appropriate stakeholder engagement to ensure the
outcomes represent the affected parties.
An important consideration is that since a CBA approach relies entirely
on monetisation, decisions can potentially be skewed towards including
only those impacts that are ‘easy’ to monetise, and excluding less
tangible impacts that may be more important, but are more difficult to
monetise in a meaningful way. (See the Monetisation guide sheet).
Whilst it is possible for CBA to be implemented in a transparent and
representative way, in practice there are challenges to ensuring this is
achieved . As outlined below, there are also a number of limitations to
CBA in terms of capturing risk, uncertainty and the value of many
non-market impacts (including some environmental and social
impacts) in monetary terms.
To overcome these limitations, CBA and Cost-Effectiveness Analysis
(CEA), along with other environmental assessments such as Life
Cycle Assessment (LCA), could form part of a broader Multi-Criteria
Decision Analysis (MCDA) bolstered by Probability Analysis. By taking
this approach, costs benefits and uncertainties that are difficult to
monetise can be incorporated into the decision-making process,
rather than inadvertently skewing the boundaries of analysis to focus
on those impacts that are easily quantifiable in monetary terms.

© Smart water fund

Water Supply and demand investment Options Assessment Framework5

Cost-benefit analysis

3. Process
3.1 Method steps
A general process for conducting CBA is outlined below.
1)Participation
Engage and consult with key stakeholders throughout the CBA process.
2) Identify problem
Develop a clear statement of the problem to be addressed.
3) Identify baseline and alternative scenarios
The costs and benefits of each alternative may depend substantially
on key assumptions about the future, such as energy prices, population
growth, water availability, and the effects of a variety of government
policies. Whilst these can be tested using sensitivity analysis, the CBA
could instead be incorporated within a Scenario Analysis.
4) Identify alternatives
Identify and assess a range of alternatives, including ‘maintain
current arrangements’.
5) Draw the boundaries: decide whose costs and benefits count
Match the affected population to the decision.
6) Identify physical impacts of each alternative
This may involve a range of data gathering, analysis and modelling
activities ranging from sales and market analysis to modelling of
water quality and ecosystem impacts.
7) Identify costs and benefits of each alternative
Identify the full range of impacts of the alternatives.
8) Monetise impacts
Monetise costs and benefits.
9) Discount future costs and benefits to obtain present values
Clearly specify the reason for selecting the discount rate.
10) Analyse distributional impacts: equity
Consider and discuss the incidence of costs and benefits.
11) Calculate net present value for each option
Note the outcome (positive or negative NPV) alongside other
significant non-monetised costs and benefits.
12) Sensitivity Analysis
Assess potential uncertainties and biases in the analysis including
discount rates and other key assumptions.
13) Review/conclusion
Include the time profiles of costs, benefits and net benefits, their
net present value, the discount rate used, information on the
sensitivity of estimated impacts to alternative assumptions, a list
of assumptions made, and how costs and benefits were estimated.
Consider external review.
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3. Process (cont)
3.2 Pitfalls
a) B
 udgeting for sufficient time and resources to conduct a CBA
As described above, there are a number of steps required in
undertaking a CBA to ensure the results are robust and credible. A
key upfront consideration is whether there is sufficient time and/or
sufficient resources available to undertake a CBA. The importance of
stakeholder engagement should not be underestimated, as it is key
to identifying impacts and in many cases testing the assumptions
involved in the monetisation estimates. Effective use of stated
preference techniques (such as choice modelling surveys) require
substantial investment of time and resources to ensure credible
results. Ideally CBA would be undertaken based on site-specific
original studies. However, there are often practical considerations
that may reduce the scope for this. A Benefit Transfer is often
substituted for primary research as it is comparatively cost effective
and saves time. However, its value is limited by the scale of the
similarities and differences between the situation at hand and
the context where the benefits were originally assessed. (See the
Monetisation guide sheet for more information on these techniques).
b) Ensuring consideration of distributional impacts
A CBA approach assumes that a single dollar has the same value for
all groups within a society. The decision metric also emphasises the
net or aggregate benefit or cost to society. Within a CBA process, it
is also critical to clearly analyse who will gain and who will lose.
c) Avoid monetisation where it doesn’t fit: incorporating other
decision-making approaches
For a CBA to be representative as a decision approach, a wide
range of costs and benefits need to be monetised. Where it is
inappropriate, for either methodological or ethical grounds, to
monetise impacts, alternative decision approaches should be
considered to reflect these impacts.
d) Excluding sunk costs
Sunk costs are the costs that would and/or have been incurred
whether or not the project proceeds. That is, they are not dependent
on the outcome of the decision the CBA is seeking to inform, and
should be excluded from the CBA (DEAT 2004).
e) Consistency and transparency in including secondary impacts
Direct impacts often result in secondary effects on other sectors
of the economy and other stakeholders. These should be clearly
defined in the ‘setting the boundary’ stage of the CBA.
f) Double Counting
A CBA should avoid double counting of both costs and benefits.
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4. Case studies
Melbourne Water’s Triple Bottom Line guidelines include an
example of a CBA of environmental flow options in the Thomson
and Macalister Rivers. The case study shows that the environmental
component of costs and benefits required non-market valuation. A
benefit transfer method was used, based on willingness to pay studies
conducted elsewhere in Victoria. Those studies were unable to value
some important components of the environmental impacts, and
so the case study notes that the environmental values were likely
underestimates. This demonstrates both the value of CBA and the
need for other methods to adequately account for significant impacts
Further examples can be found in the resources provided.
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5. Resources
eprints.lse.ac.uk/12761/1/
Multi-criteria_Analysis.
pdf
www.finance.gov.au/
obpr/cost-benefitanalysis.html

www.partnerships.vic.gov.au/
CA25708500035EB6/WebObj/
InvestmentValuationPolicy/$File/
InvestmentValuationPolicy.pdf

Department for Communities and Local Government (2009)
Multi-criteria analysis: a manual, London, Crown
eprints.lse.ac.uk/12761/1/Multi-criteria_Analysis.pdf
Office of Best Practice Regulation (2007) Best Practice Regulation
Handbook www.finance.gov.au/obpr/cost-benefit-analysis.html

The guidelines from the Australian Office of Best Practice Regulation are focused
on a particular application of CBA – that is, for the preparation of regulatory
impact statements. However, they are a useful introduction to the process.
Department of Treasury and Finance (DTF), Investment
Evaluation Policy and Guidelines, Government of Victoria, 1996
www.partnerships.vic.gov.au/CA25708500035EB6/WebObj/
InvestmentValuationPolicy/$File/InvestmentValuationPolicy.pdf

The DTF Economic Investment Guidelines step through a clear process that
makes space for going beyond monetisation. Importantly, their process
includes a clear and succinct approach to distributional questions, distinguishing
between initial incidence and subsequent transfers of costs and benefits. The
simple weighting process they recommend for integrating financial and socioeconomic assessments could be problematic – see the Multi-Critieria Analysis
guide sheet for more information on weighting.
DEAT (2004) Cost Benefit Analysis, Integrated Environmental
Management, Information Series 8, Department of Environmental
Affairs and Tourism (DEAT), Pretoria. www.environment.gov.za/
documents/publications/2005Jan7/Book3.pdf

www.environment.
gov.za/documents/
publications/2005Jan7/
Book3.pdf

The DEAT publication is a very practical guide focused on CBA, with examples at
every turn, and includes a most useful section on common errors.
Fane, S.A., Turner, A.J., McKibbin, J.L., May, D., Fyfe, J., Chong, J.,
Blackburn, N., Patterson, J.J. & White, S. 2011, ‘Integrated resource
planning for urban water – resource papers’, Waterlines report Series
Number 41, National Water Commission, Canberra
Hajkowicz, S., Young, M., Wheeler, S., MacDonald, D.H. and Young,
D. (2000) Supporting Decisions: Understanding Natural Resource
Management Assessment Techniques, CSIRO Land and Water
Kousmanen, T. and M, Kortelainen (2007) Valuing environmental
factors in cost-benefit analysis using data envelopment analysis,
Ecological Economics, Vol.62, pp.56-65
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5. Resources (cont)
Managing Directors (2010) Sustainable Water Management for a
Better Melbourne
Melbourne Water (2007) Triple Bottom Line Guidelines, April 2007
Pearce, D., Atkinson, G. and Mourato, S. (2006) Cost-Benefit Analysis
and the Environment: Recent developments, Organisation for
Economic Cooperation and Development (OECD)

yosemite.epa.gov/ee/epa/
eed.nsf/pages/Guidelines.
html
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USA Environment Protection Authority (US EPA) (2010), Guidelines
for Preparing Economic Analyses, December 2010, Regulatory Policy
Council: Washington DC. yosemite.epa.gov/ee/epa/eed.nsf/pages/
Guidelines.html

The US EPA guide is comprehensive and well-referenced. It explains in
moderate detail the analysis of social discounting, of benefits, of social costs,
and of distribution.
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Monetisation
Measuring impacts in dollar terms, reflecting a wide range of economic,
social and environmental considerations.
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Preface
This guide sheet forms part of a suite of documents to make up the
Planning for Resilient Water Systems framework, which comprises
four components:
1)	An assessment framework summary: an integrated overview of
the rationale for the framework and each of the steps and
activities that it comprises.
2) A process map: a clear and concise visual representation of the
seven steps and more than thirty activities that make up the
process of applying the assessment framework
3)	A process manual: a detailed guide to the why, what, how, and so
what of each activity within the process.
4)	A set of analytical method guide sheets: nine documents that
each explore and explain a key methodology for the necessary
analysis for both strategy and operational decisions that flow from
the framework.
The guide sheets provide detailed methodological advice to underpin
both the strategic planning process and operational decision-making
at a project level. The guide sheets fall into three logical groupings:
• Methods for assessing the performance of measures and/or portfolios of
measures in achieving the key performance criteria. These include Cost
Effectiveness Analysis, Cost Benefit Analysis, Problem Structuring
(MCDA), Resource Intensity (Life Cycle Analysis) and Monetisation.
• Methods for testing the assumptions used in the strategic analysis or
the project level analysis. Using Sensitivity Analysis, the sensitivity
of the outcome to changes in the assumptions can be assessed.
• Methods for assessing strategies that ensure flexible and robust
portfolios of measures in response to uncertain influences. These
methods (Scenario, Probability, and Decision Analysis) operate at a
strategic level only.
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1. Purpose and relevance

By estimating dollar
values for social and
environmental impacts
(externalities), approaches
can be evaluated
alongside financial
costs and benefits.

Monetisation, or measuring impacts in dollar terms, is one key
approach to reflecting a wide range of economic, social and
environmental considerations in a urban water strategic planning
and decision processes. By estimating dollar values for social and
environmental impacts (externalities), they can be evaluated alongside
financial costs and benefits in order to facilitate a full economic
assessment of a planned urban water project, program or policy.
Externalities are defined as the costs and benefits of a transaction not
reflected in the market price and borne by a third party (Bowers and
Young, 2000; Plant et al 2007).
This guide sheet focuses on monetising impacts which are not
conventionally measurable using the prices of traded goods
and services. These impacts span a wide range of economic,
environmental and social dimensions such as ecosystem functioning,
water quality, flood risk reduction, recreational uses, and social and
cultural values. Techniques for monetising non-market impacts are
detailed in Section 3.

1.1 Expected Outcomes

1 www.smartwater.com.
au/knowledge-hub/
new-market-solutions/
economic-studies/
estimating-externalitiesacross-the-urban-watersystem.html

Estimating the dollar value of these impacts can be used by water
businesses to:
• Considering multiple objectives of water sensitive urban design
and integrated water management (IWM).
• Potentially reveal areas for improvement in operational
management, such as in the wastewater treatment plant
(SWF Externalities Toolbox)1.
• Enhance corporate social responsibility outcomes

1.2 b
 road relevance for water supply
and demand planning
The Melbourne water industry is committed to contributing a wide range
of environmental and social sustainability outcomes. The strategic vision
and principles for the water resources planning management encompass
a wide spectrum of outcomes and stakeholders including protecting
and enhancing public and environmental health, social equity, security
of supply, and efficient planning and managing of assets. Measuring
outcomes in dollar terms is one potentially powerful way to inform
decisions which have multiple objectives, including by comparing them
with conventionally recognised financial, capital and operating costs.
In recent decades, there has been increasing emphasis by the urban water
industry on monetising externalities. Although there is currently no
regulatory requirement to take externalities into account when setting
prices for water, monetising these impacts can provide a starting point
for engagement with stakeholders from other sectors, such as local
government and the Department of Health. Likewise by quantifying
benefits and identifying third party beneficiaries, the water service
provider may be able to solicit contributions to water scheme investments
(e.g. from developers who will be able to increase property prices).
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2. Advantages and limitations
The key advantage
of monetisation is
that it enables the
relative comparison
between options.

The key advantage of monetisation is that it enables the relative
comparison between options on the basis of conventionally
recognised capital and operational costs, as well as environmental
and social sustainability impacts (Fane et al 2011).
Significant time and resources are required to ensure dollar
estimates are an accurate and meaningful reflection of how different
stakeholders will be affected by an outcome. There are particular
methodological challenges associated with stated preference
techniques, which determining how much affected parties would be
willing to pay for beneficial outcomes, or to avoid adverse outcomes.
The dollar estimates are generally elicited through surveys or
interviews, which involve respondents answering direct questions
about their preferences. Care and expertise is required to avoid the
many potential sources of bias in these processes.
Although it is possible to estimate a monetary value for almost any
kind of impact, in practice, some types of values may be considered
by stakeholders as inappropriate to measure in dollar terms (Fane et
al 2011). Concerns are raised on ethical grounds about whether it is
meaningful or appropriate to monetise biodiversity, spiritual, cultural
or indigenous values.
There are also a number of challenges to monetisation of
environmental and biophysical effects, including how to capture
irreversible changes in environmental quality (Hajkowicz et al, 2000).
In general, the key to overcoming the potential limitations of
monetisation is to not rely solely on dollar estimates to inform decisions,
but to incorporate monetisation within broader decision processes.

Certain impacts are
difficult to monetise,
and in these cases it is
important not to exclude
these impacts.

© Smart water fund

Certain impacts are difficult to monetise, and in these cases it is
important not to exclude these impacts but to find other ways to
represent them in the options analysis.
These methods include:
• Multi Criteria Decision Analysis (MCDA) (See the MCDA guide sheet)
• Setting limits: Use critical externalities to set system limits or goals
(e.g. acceptable level of released nutrients in waterways). The costs
of the measures required to meet limits or goals are effectively
internalising the externality within the cost analysis.
• Deliberative valuation: Assess externalities alongside costs through
an appropriately designed participatory process that involves
community members, citizens, customers and other stakeholders
(Spash C 2008, SWF Urban Water Externalities toolbox)).

Water Supply and demand investment Options Assessment Framework3
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3. Methods
Broadly, there are four key steps to monetisation:
1) Identifying impacts, including who is impacted.
This might involve stakeholder engagement to identify boundaries of
analysis, and whose preferences count (see CBA guidesheet for further
discussion of the importance of this element).
2) Determining physical magnitude of impacts.
This might involve significant analysis ranging from data collection,
market research, ecological dose-response modelling (e.g. determining
how changes in water flow and quality will affect ecosystems).

figure 1

The monetisation frontier
Source: Mitchell et al.,2007

EXTERNALITES

Deliberative
process
intrinsic

customer
perceptions

Contingent
valuation
river health

Regional
economic impact

caP OP caP OP caP OP caP OP caP OP

Surrogate
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Greenhouse

Customer
cost/avoided
costs

Storm water
system added

waste Water
system added

Actual
costs

DEliberative
benefit transfer

landscape
and other
environment

Direct benefits
transfer

Urban water
option

3 The Draft WSDS Guidelines
recommends that when projects have
extraordinary social or environmental
impacts (e.g. when programs may result
in a large increase in water prices), then
more complex methods of analysis should
be used, even for the smaller projects.
Where there are significant benefits for
the community, quantifying impacts
into monetary terms can assist water
businesses to identify who will pay for the
benefits (DSE 2011).

 he ‘threshold’ of monetisation has been referred to as the monetisation
T
frontier (O’Connor 2006, Mitchell et al. 2007). The monetisation frontier
is a useful concept beyond which assessing choices or consequences
of choices in terms of financial trade-offs is either scientifically very
difficult (e.g. due to complex biological monitoring of an ecosystem) or
morally inappropriate (O’Connor 2006). It can help delineate between
those values which are pragmatically possible and ethical to monetise,
and those less so. For example, although it is possible to put a monetary
value on the loss of human life (e.g. lost earnings, life insurance etc.) this
may be considered ethically inappropriate and society may choose other
ways to express this value in options analysis.

Water system
added

2 Melbourne Water’s Triple Bottom Line
Guidelines (2007) differentiate varying
levels of assessment based on CAPEX
and OPEX categories. These guidelines
specify the need for an assessment of
environmental and social effects once a
project passes a capital expenditure of
$1 million or operating expenditure of
$0.5 million (Melbourne Water 2007).
In this case it might be appropriate to
incorporate monetary values for one
or two externalities and utilise benefit
transfer methodologies to quantify
others. Projects larger than this should
conduct a more complex assessment,
possibly investing in more detailed
primary data collection and calculate
imputed values through stakeholder
consultation and WTP surveys.

3) Deciding which impacts to monetise, and how to address those
impacts which will not be monetised. This can be informed
by monetisation frontier concepts and government and industry
guidelines, such as those which require monetisation of social and
environmental effects based on the size of the project (CAPEX or
OPEX)2, or the magnitude of impacts.3

Tangibles
INTangibles
4) Quantify impacts in monetary terms, including discounting.
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3. Methods (cont)
3.1 Monetisation techniques
There are two main approaches to monetising impacts:
a) Revealed preference methods – the value is ‘revealed’ by the
price or cost of goods and services.
b) Stated preference methods – where it is not possible to use
market prices, a dollar value can be estimated for impacts by
directly asking stakeholders, via surveys and other methods, to
state how much they would be willing to pay for a beneficial impact
(or to avoid an adverse impact).
Table 1

The range of approaches and techniques
Approach

Method

Example

Revealed preference
techniques

Market prices

CAPEX, OPEX, energy costs,
costs of pollution credits.

Production function / factor
income

Value of irrigated agriculture

Surrogate market – Hedonic
pricing or travel cost

Amenity impacts

Cost-based approaches –
replacement, mitigate or
avoided damage cost

Water quality treatment
Avoided damage to
infrastructure.

Contingent valuation

Cultural

Choice modelling

Cultural

Conjoint analysis

Cultural

Value transfer

Various

Non-market:
Stated preference
techniques
Benefit transfer

Function transfer

c) Production function method involves modelling the relationship
between inputs and outputs to assess the change in production and
hence income.
d) S
 urrogate market methods are based on the idea that the value of
an outcome is revealed by how people are willing to pay to gain access
to it. Hedonic pricing using house prices, whereas the travel cost
method involves using observed costs (time and money) of travelling
to a destination to derive demand functions for that destination.
e) Cost-based methods involve valuing an outcome based on the
cost of replacing it with an equivalent outcome; the cost of measure
to avoid or mitigate damage.
f) Contingent valuation – the extent to which stakeholders value
a change could be estimated by asking people, through surveys or
workshops or interviews, how much they would be willing to pay (WTP)
to avoid an adverse outcome or to secure a beneficial outcome.
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3. Methods (cont)
g) Choice modelling –involves asking respondents to choose
between two or more alternatives, with each alternative being
described by multiple attributes, including cost and impact. Choice
modelling is more expensive and labour intensive than contingent
valuation and involves complex numerical analysis of results.
A third approach, Benefit transfer (BT), is not a distinct monetisation
approach, but uses the monetisation estimates from one context,
to estimate values in another context. It is often the preferred
non-market valuation technique, particularly when budget
constraints mean that it is not feasible or desirable to undertake a
primary valuation study (see SWF Externalities toolbox). Benefits
transfer involves the extrapolation of values from an earlier study to
provide estimates of values at the assessment site. Melbourne Water’s
Triple Bottom Line guidelines recommends BT for projects that have
limited resources or require less complex options analyses.
There are two main types of BT – value transfer and function
transfer. Value transfer involves the direct transfer of dollar figures
derived from a single study or an average calculated from multiple
studies. Function transfer is based on meta-analysis of earlier studies
to discern the relationship between value estimates and study
site characteristics (e.g. population or ecosystem characteristics).
Analysts can then adjust the study parameters to suit the new study
site and calculate appropriate values.
Value transfer can be deceptively straightforward. In particular
non-market values are highly sensitive to the context in which they
are collected and great care needs to be taken to find studies that
match the characteristics of the site under consideration. Analysts
require an understanding of the environmental and social parameters
of their study site before they can undertake value or function transfer
(Spash & Vatn 2006).

3.2 discounting of costs and benefits
The time value of money is a key concept of monetising impacts
for both CBA and CEA . In most cases, the costs and benefits of a
project are distributed over time. The premise of discounting is the
assumption that people prefer paying for costs as late as possible and
receiving benefits as early as possible.

The selection of the
discount rate is a highly
influential parameter in
any cost-benefit or
cost-effectiveness analysis.
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When considering the time value of money from this perspective, a
dollar available for investment today is more valuable than a dollar
that will only become available later in time (Hajkowicz et al 2000). In
a CEA or a CBA these aspects are taken into account by discounting
future costs and benefits to present values and presenting them in
terms of their Net Present Value (NPV). Specific guidance on selecting
discount rates to apply to business cases is provided by the Victorian
Department of Treasury.
The selection of the discount rate is a highly influential parameter
in any cost-benefit or cost-effectiveness analysis. There are a range
of approaches and arguments for selecting the discount rate and the
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3. Methods (cont)
conventional view that there is a unique social discount rate has been
more recently debated (Harrison 2010). In addition, there are ethical
and moral arguments surrounding discounting future costs or benefits
that represent sustainability (Fane et al 2011). It has been questioned
whether conventional discount rates are too high and inappropriate
to assess future sustainability impacts, particularly when perceptions
of risk are taken into account (Fane et al 2011). Further criticisms of
discounting are suggested by Hajkowicz et al. (2000):
• “It is immoral because it values lives and people living in different
time periods differently”
• “Allows people to impose costs on future generations without
guaranteeing them equivalent benefits”
• “Disadvantages long term environmental projects”
A best practice approach is to conduct a sensitivity analysis using a range
of higher and lower discount rates, and clearly report where the ranking
of options is sensitive to the choice of the discount rate (Hajkowicz et al
2000, Fane et al 2011) (See Sensitivity Analysis guide sheet).

3.3 Avoiding pitfalls
Addressing uncertainty is a key issue for the future planning of
Victoria’s water supples. Monetisation of impacts does not by itself
incorporate uncertainty into a strategic decision process. For this to
be achieved, monetisation needs to be incorporated within a broader
decision process that incorporates risk, uncertainty and flexibility
considerations (See the Real Options, Sensitivity Analysis and
Scenario Analysis guide sheets).
Reliance entirely on monetisation can potentially skew decisions
towards considering only those impacts that are ‘easy’ to monetise.
The impacts that are easy to monetise are not always identical to those
impacts that are easy to monetise rigorously. Guidance on identifying
the boundaries of analysis is provided in the CBA guide sheet.
Care is also required to avoid double counting overstating the
relative benefits of certain inputs in the analysis.
Ensuring transparency about the approach, scope and limitations
of the monetisation technique is key to the credibility and validity
of the overall decision-making approach. A key part of this is
articulating the distribution of costs and impacts, and also
ensuring that non-monetised impacts are still incorporated into
the decision process.
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4. Additional resources

www.smartwater.
com.au/tools/317-002/
resources.html

www.finance.gov.au/
publications/financecirculars/2006/docs/
Handbook_of_CB_
analysis.pdf

www.evri.ca
www.red-externalities.net
www.epa.nsw.gov.au/envalue
learn.lincoln.ac.nz/markval
www.beijer.kva.se/valuebase.htm
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The SWF Urban Water Externality Toolbox includes guidance
on monetisation methods, links to numerous case studies, and
macro-enabled spread sheets with data inputs for Contingent
Valuation (Excel sheet) studies and Benefit Transfer (Excel sheet).
www.smartwater.com.au/tools/317-002/resources.html
The Commonwealth of Australia (2006) Handbook of Cost Benefit
Analysis. The Handbook of Cost-Benefit Analysis provides guidance
for Australian Government agencies in the use of cost-benefit
analysis for evaluation and decision-making. Chapter 3 (pp 25-49)
is focused on valuing costs and benefits and pages 30-33 focus on
valuing externalities. www.finance.gov.au/publications/financecirculars/2006/docs/Handbook_of_CB_analysis.pdf
VALUE: Counting Ecosystems as Water Infrastructure published by
IUCN – The World Conservation Union illustrate case studies from around
the world to provide guidance and examples on including the value of
ecosystems in water decisions and planning (Emerton & Bos 2004).
There are Numerous databases of valuation studies exist:
• Environmental Valuation Reference Inventory (EVRI) –
“The Environmental Valuation Reference Inventory (EVRI) is a
searchable storehouse of empirical studies on the economic value
of environmental benefits and human health effects. It has been
developed as a tool to help policy analysts use the benefits transfer
approach.” www.evri.ca
• Review of Externality Data (RED) www.red-externalities.net
• NSW environmental valuation database (ENVALUE)
www.epa.nsw.gov.au/envalue
• New Zealand Non-Market Valuation Database (NZ NMDB)
learn.lincoln.ac.nz/markval
• Valuation Study Database for Environmental Change in Sweden
(ValueBaseSWE) www.beijer.kva.se/valuebase.htm
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Systematic analysis of materials required to deliver a service or product
and its impacts on the environment and human health
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Preface
This guide sheet forms part of a suite of documents to make up the
Planning for Resilient Water Systems framework, which comprises
four components:
1)	An assessment framework summary: an integrated overview of
the rationale for the framework and each of the steps and
activities that it comprises.
2) A process map: a clear and concise visual representation of the
seven steps and more than thirty activities that make up the
process of applying the assessment framework
3)	A process manual: a detailed guide to the why, what, how, and so
what of each activity within the process.
4)	A set of analytical method guide sheets: nine documents that
each explore and explain a key methodology for the necessary
analysis for both strategy and operational decisions that flow from
the framework.
The guide sheets provide detailed methodological advice to underpin
both the strategic planning process and operational decision-making
at a project level. The guide sheets fall into three logical groupings:
• Methods for assessing the performance of measures and/or portfolios of
measures in achieving the key performance criteria. These include Cost
Effectiveness Analysis, Cost Benefit Analysis, Problem Structuring
(MCDA), Resource Intensity (Life Cycle Analysis) and Monetisation.
• Methods for testing the assumptions used in the strategic analysis or
the project level analysis. Using Sensitivity Analysis, the sensitivity
of the outcome to changes in the assumptions can be assessed.
• Methods for assessing strategies that ensure flexible and robust
portfolios of measures in response to uncertain influences. These
methods (Scenario, Probability, and Decision Analysis) operate at a
strategic level only.
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1. Purpose and relevance
Taking a life cycle view
of a material’s use and
its impacts is essential
in planning for
sustainable futures.

Taking a life cycle view of a material’s use and its impacts is essential in
planning for sustainable futures. Life Cycle Assessment (LCA) facilitates
this life cycle view because it is the systematic analysis of what
materials are required to deliver a service or product, and what potential
environmental and human health impacts are created along the way.
There are two primary drivers for taking a life cycle view: firstly
because high impacts can occur at any stage of a material’s life, and
secondly, because impacts are not related solely to mass, i.e. small
quantity materials can have high environmental or human health
impacts which would go unnoticed in the absence of LCA.
The concept of ‘life cycle’ in LCA terms extends beyond its common
usage in the water sector. A life cycle view in LCA terms is a
‘cradle-to-grave’ view – it is interested in all the inputs and outputs
(see Figure 1) associated with raw material extraction, manufacturing
and production (i.e., translation of those raw materials into products),
use, and end-of-life (i.e., reuse, disposal, etc.). In contrast, analyses of
performance in the water sector that use the term ‘life cycle’, e.g., life
cycle costing, are usually focused on only the ‘use’ phase of an asset
i.e. planning, construction, operation, and decommissioning.
However, impacts can occur at any point within the broader life cycle.
That is, all materials have an impact history before they enter the
use phase – they bring with them an ‘impact rucksack’. Similarly, all
materials create an impact when they leave a site or are taken out of use.
For this reason, LCA starts with a focus on the potential environmental
impacts for the use phase of an option or infrastructure project, but
extends ‘backwards’ to include the impacts along the supply chain,
such as mining, smelting and refining of the steel used in construction,
or polymers used in membrane filters, and ‘forwards’ to include the
impacts beyond use, such as in discarding membrane filters.

figure 1

A life cycle perspective
Source: Lewis and Gertsakis, 2001:42)
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1. Purpose and relevance (cont)
1.1 Expected Outcomes

Fundamentally, LCA is
learning focused , because
it enables a greater
understanding of raw
material uses, emissions
and their impacts.

The primary aim of LCA is to guide decision making towards
investments that reduce the potential environmental and human
health impacts associated with the delivery of goods and services.
Fundamentally, LCA is learning focused , because it enables a greater
understanding of raw material uses, emissions and their impacts.
Baumann and Tillman (2004), in their excellent guide to LCA, set out a
wide variety of potential applications (see below).

LCA Applications
Decision making

• Product design and development
• Process design and development
• Purchasing
• Support for regulatory measures and policy instruments

Learning/exploration

• Characterisation of production systems
• Identification of improvement possibilities
• Selection of environmental performance indicators

Communication

• LCA based eco labelling
• Benchmarking
• Environmental product declarations

Source Baumann and Tillman, p.22, 2004

LCA is flexible and can be used in many different scenarios:
• To analyse a single process e.g., to identify environmental ‘hot spots’;
• To compare alternatives e.g., to make informed decisions about
‘green’ suppliers of goods and services by assessing inputs such as
energy and chemicals and comparing those with alternatives;
• To examine existing processes and assets e.g., an overall assessment
of the resources and environmental impacts to ensure that
improvements in one part of the system and supply chain are not
outweighed by reduced performance elsewhere;
• To assess planned upgrades and investments, making clear potential
trade-offs between reducing capital expenditure and increasing
environmental burdens of operation, which is generally the case
for plant and infrastructure e.g., comparing future upgrades to
disinfection processes; or
• To assess future strategies by benchmarking of ‘business as usual’
against alternatives for sustainable water services or by assessing
portfolios of options for alternative supplies within a region such as
raintank vs desalination vs stormwater recycling vs sewage recycling.
A life cycle view can be enacted in different ways, distinguished
mainly by the level of detail. Formally, the term Life Cycle Assessment
should be reserved for the formal process where LCA is undertaken in
accordance with the relevant international standards, ISO 14040 and
ISO 14044, requiring detailed data sets and producing assessments
against each of the recognised standard set of impact categories.
Table 1 shows a water sector example of a formal LCA: a comparison
of the impact potentials for different approaches to disinfection,
including chlorine, hypochlorite, and UV.

© Smart water fund
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1. Purpose and relevance (cont)
Table 1

Impact potentials for disinfection processes
Source: Beavis and Lundie, 2003

LCI results and
impact potential

Units

Chlorine

HYpochlorine

UV

Total energy (MJ)

(MJ)

164

155

1046

Eutrophication
potential – marine

(kg oxygen depletion –
equival.)1

0.06

0.06

0.0006

Eutrophication
potential – f/water

(kg oxygen depletion –
equival.)

0.012

0.012

9.2e-7

Global Warming
Potential (GWP)

(kg CO2 – equival.)

13.5

14.2

79

Photochemical
Oxidation (POCP)

(kg ethene –equival.)

0.005

0.01

0.003

Acidification potential

(kg SO2 – equival.)

0.062

0.06

0.46

Human Toxicity
Potential (HTP)

(kg DCP – equival.)

0.02

0.03

0.13

Terrestial Ecotoxicity
Pot (TETP)

(kg DCP – equival.)

0.09

0.08

0.7

F/Water Aquatic
Ecotoxicity Pot (FAETP)

(kg DCP – equival.)

0.003

0.002

0.04

Marine Aquatic
Ecotoxicity Pot (MAETP

(kg DCP – equival.)

205

139

2262

1 Equivalency factors for eutrophication potential based on reference substance of unit of oxygen
depleted. Developed by Kaerrman et al. (2001)

However, there is a disjunct between the recognised value of life
cycle thinking, or life cycle management, and the difficulties (time
and resource intensive) and limitations (inadequate data) of formal,
detailed LCA processes. In response, there are various ‘streamlined’
approaches to LCA that require less detail. There is a wide range of
levels of detail in streamlined LCA approaches.
At the more detailed end of the streamlined LCAs lies ESAT, the
Environmental Sustainability Assessment Tool. It was developed
by UNSW for the water sector (see later sections for details)
and is designed to produce reasonably robust responses in the
internationally recognised impact categories. Whilst it is far simpler
than formal LCA, it still requires considerable information.
In contrast to ESAT are streamlined approaches that retain the
principles of LCA but rely on professional experience and judgement
rather than quantitative data. Two examples are relevant here. The
first is the so-called ‘matrix approach’ that retains the formal phases
and impact categories of the ISO processes (see Chapter 3.3 in Lewis
and Gertsakis (2001) for a clear step-by-step example).

© Smart water fund

The concept of a life cycle view can be usefully expressed in
various ways, so other characterisations that reflect more intuitive
formulations of life cycle concepts are also valuable for streamlined
LCAs because they may be more accessible to participants. Thus, the
second example of a professional judgement approach to streamlined
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1. Purpose and relevance (cont)

www.forumforthefuture.
org/project/streamlinedlife-cycle-analysis/
overview

LCA comes from Forum for the Future and The Natural Step. These
two organisations have come together to produce a high level
streamlined LCA thinking tool based on the four system conditions
(The Natural Step’s formulation of a life cycle view) that can be
completed in a half-day workshop. This approach is said to identify
80% of the likely impacts (see www.forumforthefuture.org/project/
streamlined-life-cycle-analysis/overview).
A less formal characterisation of streamlined LCA is the ‘rule of thumb’
approach that simply says ‘follow the energy and look out for toxics’.
At the end of the day, as the cartoon below (figure 2) suggests, life
cycle assessment is best viewed as a tool that helps create more
informed decisions, rather than something that produces ‘magic
answers’. All actions have consequences; the best one can do is to be
informed of those consequences and act accordingly.LCA is a valuable
tool that can help to identify the optimal mix of measures, including
both demand and supply strategies, and considering alternative
supplies at various scales.
Figure 2

Life cycle assessment contributes to informed choices
Source: worldchanging.com

1.2 b
 road relevance for water supply
and demand planning
LCA is a valuable tool that can help to identify the optimal mix
of measures, including both demand and supply strategies, and
considering alternative supplies at various scales.
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Several water utilities in Australia have already undertaken LCA
studies to understand the environmental sustainability of water
service provision. For example, Yarra Valley Water has used LCA
to assess the environmental impacts of different servicing options;
identifying where and how the greatest impacts may occur. Detailed
examples of LCA application within the Melbourne water sector
and elsewhere are provided in Section 6 Case Studies and further
resources and references are suggested in Section 7.
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2. Strengths and limits
2.1 Key Strengths
There is a growing body of literature applying LCA in areas of
wastewater treatment processes, mains infrastructure, water supply
alternatives, urban water systems and alternative water scenarios.
The strength of this method lies in providing a systematic account of
the resource use and environmental impact of the complete system
delivering a product or service.
In addition to the improvements in environmental and human
health impacts that arise from decisions that take LCA outcomes into
account, there are further strengths that arise. LCA is fundamentally
oriented towards learning, and it requires a systemic approach,
both of which are notable attributes in organisations that deal well
with uncertainty. The process of undertaking LCA within a water
utility can enhance information exchange and encourage stronger
relationships between planning and operational staff. External
opportunities also exist: LCA results can be used for engaging
stakeholders, to promote policy reforms, and to support marketing
materials to promote behaviour change.

2.2 Key limitations
System boundaries,
functional units, and
data sources all have the
potential to significantly
influence the nature and
validity of the outcomes.

There are three key decisions in implementing LCA: system boundaries, functional
units, and data sources all have the potential to significantly influence the nature
and validity of the outcomes. Best practice applications make these decisions
transparent, and at least briefly address the consequences of the choices and the
rationale behind the decisions.
An unavoidable limitation is that the method is necessarily data- and labourintensive. While the formal LCA methodology aspires to be transparent and
holistic, it nevertheless relies on experience and specialist knowledge in practice.
The accuracy and precision of LCA results is dependent on the quality and
availability of locally relevant data – the Australian LCA Society (ALCAS) has a
long term project in place in develop an Australian data inventory (see Section 7).
The best potential improvements occur when life cycle thinking is applied at
the earliest planning stages i.e., when there are diverse options on the table
(see box for an example of how this principle applies to water savings in green
buildings). For example, once you have decided to construct a desalination
plant, undertaking a LCA to identify the lowest impact membranes may offer
trivial potential for reduced impact compared with sourcing water from lower
impact options. Even though data may not be available for conducting fulsome
LCA, it is still imperative to take a life cycle view at these early stages.
Further, it is impossible to model in detail all the aspects of and internal
interactions in a system under study (Finnveden et al. 2009). Certain aspects
of the system are necessarily simplified and some impacts are not well covered.

© Smart water fund
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2. Strengths and limits (cont)
FIGURE 3

Life cycle saving from effective planning in green buildings
life cycle water savings

CONCEPTUAL DESIGN
DETAILED SPECIFICATION

CONSTRUCTION
FIT OUT
RETRO FITTING

Unit cost of implementation

2.3 Misuse and its implications
LCA is open to being misused by selecting the system boundary
in ways that artificially favour one option e.g., one possible supply
system over another. This can be mitigated by making the definition
of the system boundary a matter for open deliberation amongst
stakeholders. Transparency is therefore critical to this process so that
the results are less likely to be open to rigging.
LCA is not a substitute for Environmental Impact Assessment (EIA)
such as would be required for the construction of, for example, a new
treatment plant. The results reflect the potential contributions to
actual impacts or risks.
Furthermore, LCA should not be considered to provide an absolute
representation of every environmental interaction; it can only
account for elements that can be quantified.
Data can be manipulated and misused
As LCA is data intensive, data may be manipulated and misused.
Site-specific data that are reliable and verifiable are often difficult
to obtain, especially in the planning stages. This leads to the use
of generic industry or national data, which masks site-specific
differences and can produce misleading results. Often social data are
unavailable and at times cannot be quantified as input into a model.
Thus there must be transparency in reporting how the LCA was
undertaken and the sources of data used.
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3. Context
3.1 Preceding Methods
Material Flow Accounting (MFA) is a related method for tracking
material stocks and flows over time associated with some pre-defined
unit, such as a sector, an infrastructure project, a geographic region or a
supply chain (e.g., tracing nitrogen or phosphorus). MFA can contribute
towards building up a Life Cycle Inventory (see Section 4).

3.2 Alternative methods
Streamlined LCA may be a first choice as a full LCA is data and labour
intensive (See sections 1.2 and 6).

3.3 c
 omplementary and subsequent methods
and combinations
Whilst there are moves internationally to extend LCA into social
realms, due to the limited data availability and lack of a generally
agreed methodology, with the exclusion of toxicity potentials, social
impacts are still generally overlooked in LCA.
Since LCA has a focus on environmental and some human health
impacts, it should be complemented by appropriate social and
economic analyses (see guide sheets on Cost Effective Analysis, Cost
Benefit Analysis, and Monetisation) in a triple bottom line approach
employing a multi criteria process (see the Multi Criteria Decision
Analysis guide sheet)
LCA may also be coupled with Environmental Impact Assessment.

© Smart water fund
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4. Process (How)
4.1 MEthod STeps
The International Standards ISO 14040 and 14044 provide the
framework for LCA which identifies four distinct phases as set out
below. Baumann and Tillman (2004) provide practical guidance on
their implementation:
1) G
 oal and Scope Definition: definition of the functional unit and
delineation of the system boundary
2) Life Cycle Inventory (LCI): data collection and calculation
3) Life Cycle Impact Assessment (LCIA): characterisation of data to
impact category indicators (apply equivalency factors)
4) Interpretation of results including scenarios and sensitivity analysis.
The goal and scope definition phase includes the reasons for carrying
out the study, the intended application and the intended audience. The
functional unit provides a reference to which the inputs and outputs can
be related – it is a measure of the function of the studied system (e.g.,
per kL recycled water supplied to customers). The system boundaries
determine which unit processes are included in the LCA study, and
distinguish between significant and insignificant processes in the
system under study, and between the system and its environment.
figure 4

Framework for LCA
Source: European Commission 2010

Life cycle assessment framework
Goal definition
Direct
Applications:

scope definition
interpretation
inventory analysis

• Product development
• Strategic planning
• Public policy making
• Marketing
• Other

impact assessment

The output from the LCI stage is a compilation of the inputs
(resources) and the outputs (emissions) from the product or process
over its lifecycle in relation to the functional unit.
The LCIA phase aims to describe the environmental consequences of the
environmental loads quantified in the inventory analysis. This is done
by translating the environental loads from the inventory results into
potential environmental impacts e.g., as acidification, ozone depletion
etc. The ISO standards provide guidance on the different phases of LCIA,
including classification, weighting, normalisation, and so forth.
© Smart water fund
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4. Process (How) (cont)
During the Interpretation phase, the results from previous phases
are evaluated in relation to the goal and scope in order to reach
conclusions and recommendations (Finnveden et al. 2009).

4.2 input requirements
Because a LCA seeks to cover the entire lifecycle, inputs should be traced
back to nature e.g., crude oil, and outputs should be emissions to nature.

www.auslci.com.au/
resources

The data and estimates must be practical and relevant to the
project goal and the scope defined for the products or services being
measured (Baumann and Tillman, 2004). There are two types of
data that can build the Life Cycle Inventory (LCI): primary and
secondary. Primary data are those that are obtained from the specific
facilities that are the subject of the LCI (e.g., energy use, resources
depletion, solid waste, elementary flows and technical water flows,
condensation and evaporation). Secondary data are those obtained
from published databases. Secondary datasets should be selected
according to their data quality (e.g., their geographical and time-related
representativeness, technology representativeness, completeness and
precision, consistency and reproducibility of data collection methods,
etc.) and preference given to pre-verified data that has been critically
reviewed. Several national and international databases are available
e.g., the Australian National LCI Database Initiative:
www.auslci.com.au/resources. The purpose of the LCA will determine
the appropriateness of different datasets: secondary data such as
national averages would support broad policy or strategy directions, but
identifying local process improvements would require primary data.

4.3 Fit with adaptive and inclusive planning
Uncertainty can arise in different LCA phases, for example in
definitions, in the sources or types of data or in interpretations. Efforts
should be made to estimate and document uncertainty and responses
to it. Sensitivity analysis can be employed to assess the significance
of uncertainties and to direct the scale and nature of responses
to manage the uncertainties. For example, sensitivity analyses
when setting input boundaries could evaluate the environmental
significance of potentially excluded data. Equally, sensitivity analyses
during database development could determine how sensitive results
are to missing data.
Uncertainties in LCA can be dealt with in scientific, social and
statistical ways (Finnveden et al. 2009). Scientific and social responses
aim to remove or reduce the uncertainty. The scientific response is to
conduct more research in order to find better quality data or improve
decision models. The social response is to discuss uncertain issues with
stakeholders to build consensus e.g., on data or choices about system
boundaries and functional unit. In contrast, the statistical response is to
incorporate uncertainty into the results through probability distributions.

© Smart water fund
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4. Process (How) (cont)
LCA can be used on suites of options, but because it can be a difficult,
costly and data intensive process, streamlined approaches are
likely to be more useful than detailed, formal LCA analyses when
considering strategy level decisions.
Whilst community engagement is espoused in the literature to be an
important part of LCA, it is often overlooked in practice. The community
may be engaged in particular phases of the LCA (e.g., goal setting ,
interpretation etc.) to understand their values and provide opportunities
for feedback. Their input may also be valuable during the communication
of the LCA results, particularly if it is related to community uptake of new
water management initiatives e.g., rainwater harvesting.

© Smart water fund
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5. Tools
5.1 streamlined LCA

water.unsw.edu.au/site/
research/sustainabilityassessment/streamlinedlca-tools/

Streamlined LCA may be a first choice as a full LCA is data and labour
intensive. The streamlined Environmental Sustainability Assessment
Tool (ESAT) developed by the University of New South Wales in
partnership with the Smart Water Fund enables quantitative LCA to be
undertaken in a user-friendly Microsoft Excel environment. See
(water.unsw.edu.au/site/research/sustainability-assessment/
streamlined-lca-tools/ for a description and the latest downloadable
version) and see Schulz et al., (2011) for a demonstration of how this
simplified tool emulates the results from more detailed LCA and life
cycle costing analyses. ESAT identifies and measures key variables to
inform and promote sustainable decision-making in the area of water
and sewerage infrastructure provision and asset management for
greenfield and backlog sites. Specifically, the expected benefits of ESAT
are a consequence of making sustainability assessment quicker and
easier for water service providers through:
• Accelerated delivery of sustainability assessments
• Support of ‘sustainability thinking’
• Increased capacity to identify key variables that inform the
sustainability of infrastructure solutions
• Increased capacity to innovate on the basis of insights into the relative
sustainability of water and sewerage options
There is a case study from Toronto in Section 6 that shows a different
approach to streamlined LCA in the water sector.
See also Section 1.1: the matrix approach outlined in Lewis and Gertsakis
(2001, Ch 3.3) and the process from the Forum for the Future and The
Natural Step.

5.2 LCA Tools

www.buildingecology.
com/sustainability/
life-cycle-assessment/lifecycle-assessment-software
lca.jrc.ec.europa.eu/
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A registry of commercially available tools (including software) for LCA
and their database providers can be found at the following sites:
• w ww.buildingecology.com/sustainability/life-cycle-assessment/
life-cycle-assessment-software
• lca.jrc.ec.europa.eu/
The most commonly used tools include the GaBi and SimaPro
softwares which can model and analyse complex life cycles in
a systematic way, following ISO 14040 recommendations. The
GaBi supports every stage of a LCA, from data collection and
organisation to presentation of results and stakeholder engagement. It
automatically tracks all material, energy, and emissions flows, as well
as defined monetary values, working time and social issues. SimaPro
(System for Integrated Environmental Assessment of Products) also
has similar capacity in building complex models in a transparent way.

Water Supply and demand investment Options Assessment Framework12

Resource Intensity

5. Tools (cont)
5.3 Developing in-house LCA capacity
As resourcing LCAs is not always easy, water service providers may
want to use external consultancy services initially, whilst they build
in-house capacity (Peters et al., 2001). Whilst this option may be costly
and slow, see the case study from Yarra Valley Water in Section 6 for
insights to the long term value this approach provides. Alternatively,
it may be possible to build internal LCA expertise by purchasing one
of the software packages mentioned above and providing training
on its application. External consultants may then be called upon to
maintain the internal skills base through streamlined training.
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6. Case studies (local & international)
This section contains overviews and abstracts from papers available in
the public domain that describe relevant case studies of the application
of LCA in the water sector.

6.1 Gembrook Sewerage Servicing Strategy

www.conference.
alcas.asn.au/2006/
Narangala%20Trotter.
pdf

R. Narangala and N. Trotter (2006) Yarra Valley Water–LCA in Asset
Management – A Metropolitan Water Company Experiences. 5th
Australian Conference on Life Cycle Assessment, Melbourne. Available from
www.conference.alcas.asn.au/2006/Narangala%20Trotter.pdf

The study discusses some of the challenges faced by a metropolitan water utility
in applying LCA to water planning. LCA was adopted to assess the environmental
impacts of providing sewerage services to a small semi-rural town. Specifically
the study investigated two different options (pressure versus gravity fed sewers),
and to identify where and how the greatest impacts may occur. LCA was used
in conjunction with financial and social assessment tools to select between the
options. The case study utilises the LCA software SimaPRO. The study concludes
that LCA is well-suited for application in the water industry and can be a valuable
tool in making environmental decisions. Some of the challenges that arose when
using LCA included ensuring a consistent approach when applied for various
decision making processes, data availability and the initial lack of in-house expertise
in undertaking LCA. Some of the steps taken to deal with these challenges included:
the formation of an in-house LCA Users Group who produced Yarra Valley Waterspecific guidelines for performing an LCA. A small number of staff have undergone
more specialised training and are on hand to assist others with projects adopting
LCA. An LCA Working Group for the Victorian water industry was formed in 2005,
providing a potential forum for the development of an industry-wide products
inventory. To date, the Working Group has been facilitated by VicWater.

6.2 Winneke water treatment plant, Victoria

www.conference.alcas.
asn.au/2011/Pearce_
LCA%20paper.pdf
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D.J. Pearce (2011) The Benefits of a Life Cycle Assessment Approach to
the Capital Delivery of Major Urban Water Infrastructure in an Alliance
Delivery Model. 7th Australian Conference on Life Cycle Assessment.
Available from www.conference.alcas.asn.au/2011/Pearce_LCA%20
paper.pdf

This paper outlines the results and methodology for a life cycle assessment
(LCA) conducted to compare two locations and their respective engineering
designs for the development of an alum sludge treatment plant at the Winneke
water treatment plant, Sugarloaf Reservoir, Victoria. The main contribution to
the climate change impact category (as indicated by a carbon footprint) for both
designs came from the polymer and electrical inputs required for operation
of the plant. The second design reduced the demand for electricity by 30%.
Polymer use remained the same. To achieve further notable reductions in the
carbon footprint of the second design, an alternative polymer with a lower
greenhouse gas profile needs to be sourced, and/or renewable energy sources
(on or offsite) should be considered. The benefits of using a LCA framework
to understand the environmental impact of the alternative designs extend
beyond identifying the optimal site and design, and include: the improved
understanding of the role of sustainability and environmental practitioners in
engineering and design; integration of teams and an improved understanding
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6. Case studies (cont)
of other discipline roles; project team pride in contributing to a significant
capital works project in using an environmentally improved design; enhanced
marketing opportunities inside and outside of the alliance; and an opportunity
to display best practice sustainability and environmental capability in an industry
looking for practical examples of improved whole of life outcomes.
This paper, supported by data and observations conducted during the LCA for
the Winneke sludge treatment plant indicates that LCA is a very beneficial tool
in optioneering environmentally sustainable project outcomes. In addition to
this benefit, LCA has another important but less obvious role in promoting and
supporting a strong environmental culture in an alliance delivery model.

6.3 Sydney Water and SA Water

www.conference.alcas.
asn.au/2006/Peters%20
et%20al.pdf

G. Peters, H. Rowley, S. Lundie and M. Flint (2006) Challenges and
Opportunities in LCA – The Water Industry Experience. 5th Australian
Conference on Life Cycle Assessment, Melbourne. Available from
www.conference.alcas.asn.au/2006/Peters%20et%20al.pdf

This study reviews some of the methodological challenges related to applying
LCA within the water industry and presents two case studies to illustrate how LCA
can assist the planning process. The South Australian case study adopted LCA to
compare three options related to the challenge of upgrading an aqueduct. The
options were compared on the basis of capital and operating costs, and social and
environmental impacts. The Sydney Water case study develops a tiered hybrid
LCA model and applies it to a functional unit of the operations of Sydney Water
in 2002/03. The results highlighted the potential for differences in reporting
frameworks to cause massive anomalies between methods if they are applied
without detailed interpretation. This suggests that there may be a high level of
analytical risk associated with application of input-output tools by non-specialists.

6.4 Residential sector
(single family households) in Toronto
A. I. Racoviceanu and B. W. Karney (2010) Life-Cycle Perspective on
Residential Water Conservation Strategies. Journal of Infrastructure
Systems 16(1):40-49. DOI: 10.1061/ASCE1076-0342201016:140.
Available from www.hydratek.com/documents/lifecycle.pdf
www.hydratek.com/
documents/lifecycle.pdf
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A life cycle-based hybrid methodology was used to assess the performance
of two conservation scenarios, water efficiency, and rainwater harvesting,
relative to a base case. The analysis estimated the operational energy use and
GHG emissions, and the embodied burdens associated with water-efficient
devices and rainwater tanks. The study carried out a streamlined LCI focussed
exclusively on two environmental indicators and the use phase of the system.
The LCIs that were produced in the study were to be used as an information
tool to provide insights to strategic planners during the design and decision
making processes. It also adopted a whole systems approach, focussing on
not only environmental but also technical dimension of water supply systems.
This revealed the importance of including upstream and downstream
environmental effects in strategic planning. Hydraulic simulations, revealed
some of the rainwater scenario strengths such as hydraulic stress curtailment
and capital investment postponement. The findings suggested that both
strategies led to signiﬁcant water savings, the associated energy expenditures
and emissions varied with the selection of system boundaries.
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7. Further resources

www.auslci.com.au/
datasets

http://lcinitiative.
unep.fr/default.
asp?site=lcinit&page_
id=15CFD910-956F-457DBD0D-3EF35AB93D60

www.bpic.asn.au/
LiteratureRetrieve.
aspx?ID=79952

AusLCI
AusLCI is a national initiative of the Australian LCA Society to
coordinate and publish life cycle inventory data for public use. The
aim of the project is to avoid duplication of databases, coordinate the
use of best available data and to promote the development of data by
sectors and companies alike. www.auslci.com.au/datasets
UNEP/SETAC Life Cycle Initiative
This initiative aims to help identify best practice for LCA within the
ISO standards and to make data and methods for performing LCA
available and applicable internationally.
http://lcinitiative.unep.fr/default.asp?site=lcinit&page_id=15CFD910956F-457D-BD0D-3EF35AB93D60
LCA is a widely used technique, so many industry groups have
put together useful resources. For example, the Building Products
Innovation Council has prepared this guide to other resources for LCA
and LCI: www.bpic.asn.au/LiteratureRetrieve.aspx?ID=79952

7.1 Books, Papers and Guidelines
Baumann, H. and Tillman, A-M., (2004) The Hitch Hiker’s Guide
to LCA. An orientation in life cycle assessment methodology and
application. Studentlitteratur, Lund, Sweden

This book is the best available introduction to LCA. It guides the reader through
the LCA application, presents a range of methodological alternatives in LCA,
implications of LCA results and their usefulness and presents a number of
exercises to trainer the reader in LCA application.

www.ncbi.nlm.nih.gov/
pubmed/12793669.

Beavis, P. & Lundie, S, (2003) Integrated environmental assessment
of tertiary and residuals treatment – LCA in the wastewater industry.
Water science and technology. 47(7-8), pp.109-16. Available at:
www.ncbi.nlm.nih.gov/pubmed/12793669.

The paper demonstrates how LCA can be practically applied to make decisions
between different wastewater retrofit options.
M. Beerya, G. Wozny, and J.-U. Repke (2010) Sustainable Design
of Different Seawater Reverse Osmosis Desalination Pretreatment
Processes. 20th European Symposium on Computer Aided Process
Engineering – ESCAPE20 S. Pierucci and G. Buzzi Ferraris (Editors)
Available at www.aidic.it/escape20/webpapers/84Beery.pdf

www.aidic.it/escape20/
webpapers/84Beery.pdf

This paper reports on a study that combines life cycle analysis using GaBi4 with
life cycle costing to investigate the eco-efficiency of pretreatment options for
desalination, and concludes that although membranes are popular, they are not
the most sustainable option.
Dennison, F. et al., 1998. Assessing Management Options for
Wastewater Treatment Works in the Context of Life Cycle Assessment.
Water Science Technology, 38(11), pp.23-30.

This paper guides the reader through a case study of applying LCA to make
decisions related to wastewater treatment options.
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7. Further resources (cont)

lct.jrc.ec.europa.eu/
pdf-directory/ILCDHandbook-Generalguide-for-LCA-DETAILonline-12March2010.pdf

www.ncbi.nlm.nih.gov/
pubmed/19716647

www.forumforthefuture.
org/sites/default/files/
project/downloads/slca-2pager-intronov-2007.pdf

www.iwaponline.com/
wst/06303/0565/063030565.
pdf

European Commission – Joint Research Centre, (2010) International
Reference Life Cycle Data System Handbook – General Guide for Life
Cycle Assessment. First Edition.
lct.jrc.ec.europa.eu/pdf-directory/ILCD-Handbook-General-guidefor-LCA-DETAIL-online-12March2010.pdf

Provides a practical guide to LCA application.
Finnveden, G. et al., 2009. Recent developments in Life Cycle
Assessment. Journal of Environmental Management, 91(1), pp.1-21.
Available at: www.ncbi.nlm.nih.gov/pubmed/19716647

Provides a comprehensive entry to understanding LCA and details recent
developments in relation to some of the strengths and weaknesses of LCA
Forum for the Future and The Natural Step (undated) Streamlined
Life Cycle Analysis (SLCA): Assessing the sustainability of products.
Available from www.forumforthefuture.org/sites/default/files/project/
downloads/slca-2-pager-intronov-2007.pdf

An excellent example of a streamlined LCA approach that relies on professional
judgment rather than quantitative data.
Godskesen , B et al. 2011. Life cycle assessment of three water systems
in Copenhagen–a management tool of the future. Water Science and
Technology, 47(7-8), pp.109-16. Available at:
www.iwaponline.com/wst/06303/0565/063030565.pdf

The paper demonstrates how scenarios can be incorporated into LCA in making
water planning decisions related to future.
Lewis, H. and Gertsakis, J. (2001) Design + environment: A global guide
to designing greener goods, Greenleaf Publishing, London.

This is an excellent Australian book, designed more as a guide than an academic
text, and oriented mainly towards design professionals and products, but full of
good practical advice, particularly in Chapter 3 Environmental Assessment Tools,
and section 3.3 which provides a clear step-by-step application of the matrix
approach to streamlined LCA.
Office of Technology Assessment (1992) ‘Green Products by Design:
Choices for a Cleaner Environment (OTA-E-541).

The US Office of Technology Assessment was an early advocate for
life cycle thinking.
Schulz, M., Short, M.D., and Peters, G.M. (2011) A streamlined
sustainability assessment tool for improved decision-making in the
urban water industry. Integrated Environmental Assessment and
Management. 2011 Jul 12. doi: 10.1002/ieam.247. [e-publication ahead
of print]

This paper explains the streamlined LCA Environmental Sustainability
Assessment Tool, ESAT, and demonstrates its utility in providing relevant
and valid results for a fraction of the investment in full LCA, provided the
questions being asked fit the ESAT assumptions well.
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Planning for Resilient Water Systems

Multiple Criteria
Decision Analysis

(MCDA)

Assessing alternatives structured in terms of the criteria of evaluation
by value judgments informed by the available impact data.
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Preface
This guide sheet forms part of a suite of documents to make up the
Planning for Resilient Water Systems framework, which comprises
four components:
1)	An assessment framework summary: an integrated overview of
the rationale for the framework and each of the steps and
activities that it comprises.
2) A process map: a clear and concise visual representation of the
seven steps and more than thirty activities that make up the
process of applying the assessment framework
3)	A process manual: a detailed guide to the why, what, how, and so
what of each activity within the process.
4)	A set of analytical method guide sheets: nine documents that
each explore and explain a key methodology for the necessary
analysis for both strategy and operational decisions that flow from
the framework.
The guide sheets provide detailed methodological advice to underpin
both the strategic planning process and operational decision-making
at a project level. The guide sheets fall into three logical groupings:
• Methods for assessing the performance of measures and/or portfolios of
measures in achieving the key performance criteria. These include Cost
Effectiveness Analysis, Cost Benefit Analysis, Problem Structuring
(MCDA), Resource Intensity (Life Cycle Analysis) and Monetisation.
• Methods for testing the assumptions used in the strategic analysis or
the project level analysis. Using Sensitivity Analysis, the sensitivity
of the outcome to changes in the assumptions can be assessed.
• Methods for assessing strategies that ensure flexible and robust
portfolios of measures in response to uncertain influences. These
methods (Scenario, Probability, and Decision Analysis) operate at a
strategic level only.
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1. Purpose and relevance
The fundamental process of MCDA is (a) to structure the problem
in terms of the criteria of evaluation and the alternatives (policies,
options, etc.) to be evaluated; and then (b) to assess each alternative
in terms of each criterion by value judgments informed by the
available impact data. The subsequent aggregation of preferences
across criteria typically makes use of quite simple mathematical tools.
Within and between these steps, there is typically much iteration to
arrive at agreeable outcomes.

1.1 Drivers
MCDA provides a
structured means for
integrating quantitative
and qualitative goals
and weighing up the
performance of a set of
options against these goals.

The purpose of MCDA is to function as an aid to decision making. In
any form of systems planning, MCDA provides a structured means
for integrating quantitative and qualitative goals and weighing
up the performance of a set of options against these goals. MCDA
is especially useful in the public sector because of the need to be
responsive to broader goals. If used well, the structure provided by
MCDA has the potential to provide confidence for decision makers,
and improved transparency in an audit trail.
MCDA is both an approach and a set of techniques or methods.
Methods of MCDA (there are many different methods under the
MCDA umbrella) respond particularly to the challenges of seeking
accommodations (consensus rarely exists, but accommodations
can generally be found) between differing and perhaps conflicting
objectives, and between different stakeholder groups. MCDA should
form the framework within which stakeholder values and goals are
elicited and compared.
MCDA is helpful for making progress on problems that can be
formally classified as either complicated (that is, the problem
formulation is agreed but the solution is arguable) or complex (both
formulation and solution are arguable) (Belton and Stewart 2010).

1.2 Expected Outcomes
MCDA facilitates group-wide understanding of the values and goals of
others, and consequently guides the search for a broad consensus or
accommodation. The ultimate benefit is an enhanced probability of
achieving broad acceptance of strategic plans.
The insights it can provide are significant: performances against
broad criteria are revealed, trade-offs are made explicit, and
transparency of decision-making should improve.
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1. Purpose and relevance (cont)
1.3 b
 road relevance for water supply
and demand planning
The outcomes that are guiding water planning (both medium term
(5 year) investment plans and long term (50 year) strategies) are
changing, and are increasingly extending well beyond traditional
water supply and demand planning goals of safety, security, and
efficiency to encompass sustainability and live-ability goals. Making
these objectives explicit and transparent within the water planning
process requires a new approach informed by effective MCDA
that goes beyond existing requirements and much of the existing
experience in the water sector. That is, whilst MCA has been applied
extensively in the water sector in recent years, it has often been
inadvertently misused, in that the focus has been on the numbers
for weighting and scoring of criteria, as opposed to stakeholder
involvement in deciding on the criteria and the discussion and
conversation to reach accommodations. For this reason, effective
MCDA offers much to water supply demand planning processes at
various levels of detail.

The starting point
for MCDA is problem
structuring because a
well-formulated problem
is a half-solved problem.

At the highest level, the starting point for MCDA is problem
structuring because a well-formulated problem is a half-solved
problem. Problem structuring therefore informs the Process Map that
sits above these Guidance Sheets.
Within the supply demand planning process, MCDA can provide
useful input in the following diverse and important ways:
• As a screening tool, that is, to help move from a ‘long list’ of options
to a ‘short list’ of options for more detailed assessment
• To provide a high level assessment against broad criteria for options
• To help guide what detailed analyses are necessary, and to provide a
space for integrating outcomes from more detailed analyses (such as
Cost Effectiveness Analysis and Life Cycle Analysis)
• To provide a structured process for focusing on and assessing
performance against goals that sit outside the analytical processes
covered by these guide sheets, such as contributions to livability
through attractive landscapes that support a healthy community.
• To provide a fulsome structured process for exploring and bringing
together stakeholder views where investments in infrastructure are
characterised as significant, warranting accompanying investment
in fulsome decision-making processes that demonstrate the key
qualities of transparency, representativeness, and deliberativeness.
Finally, various recent Victorian and National urban water
guidelines for sustainability make specific reference to MCA (e.g.,
Melbourne Water’s Triple Bottom Line Guidelines, including a
BioSolids MCA Case Study, Section 7.2, p54-59) and the National Water
Commission’s Integrated Resource Planning Supplementary Papers
(Fane et al., 2010). In addition, Lundie et al. (2008) in their Occasional
Paper for WSAA used MCA as their overarching methodology for
sustainability assessment.
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1. Purpose and relevance (cont)
1.4 A note on terminology
The terminology around MCDA can be a little confusing. Some use
the term Multi Criteria Assessment or Analysis (MCA) (e.g. Fane et al.,
2010). Some use the term MCDA (e.g. Belton and Stewart (2005) and
Lundie et al. (2008)). Some see MCDA as a subset of MCA. Some see
MCA as the precursor of MCDA. Some see MCA as a subset of MCDA.
In these resources, we prefer the term MCDA for two reasons. Firstly,
because it makes explicit the focus on decision making, and secondly,
because it provides a distinction between what is proposed here, and
the less structured and often problematic applications of MCA in the
water sector historically.
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2. Strengths and limits
2.1 Key Strengths
The key strength of CEA
is its ability to synthesise,
in a structured and
transparent way.

The ability to synthesise, in a structured and transparent way,
qualitative and quantitative values and preferences without recourse
to arguable reduction to monetary ‘equivalents’. The methods
allow in particular for changing tradeoffs between goals as levels of
achievement change.

2.2 Key limitations
To properly implement MCDA requires sometimes quite demanding
judgmental and time inputs from all key stakeholders. Some groups
may thus be reluctant to participate, although experience shows that
after the process, participants welcome the added insights gained.

2.3 Misuse and its implications
The greatest misuse is to minimise time involvement by simplifying
the MCDA models and processes, and failing to audit and maintain
the quality of the MCDA process. Such simplifications can seriously
bias results, through lack of stakeholder engagement; mismatches
between objectives, alternatives and criteria; double counting;
inappropriate weighting and scoring; and failure to account for
uncertainty. These common issues, their implications and advice on
how to avoid them are provided in the ‘Pitfalls’ section below.
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3. Context
3.1 preceding methods
General brainstorming and data collection would precede MCDA. In
some cases, the MCDA will direct more detailed analyses against specific
criteria, and the MCDA process will integrate the outcomes of these.

3.2 subsequent methods
The MCDA outputs would inform the more political process of final
decision-making.

3.3 Alternative and complementary methods
Cost-Benefit Analysis (CBA) is used to examine similar tradeoffs, but
with reduction to monetary equivalents. This simplification can result in
inappropriate outcomes, particularly for public sector planning contexts.
Various relevant authors make a clear distinction between CostEffectiveness Analysis (CEA), CBA, and MCA (e.g., Fane et al, 2010) in
their integrated resource planning documents commissioned by the
National Water Commission; the British Department for Communities
and Local Government manual for MCA (DCLG, 2009), Melbourne
Water’s Triple Bottom Line Guidelines and Department of Treasury
and Finance Investment Evaluation Guidelines (DTF, 1996). All are
clear that MCA is an addition to CEA and CBA, i.e., that it goes beyond
financial and economic interpretations of the impacts of decisions.

3.4 Combinations
In spite of the previous point, MCDA and CBA can usefully be used
in combination in the water sector – Joubert et al. (1997) provide an
interesting example about a decision to augment potable water supply
in Cape Town, South Africa.
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4. Process
4.1 input requirements
There are two
fundamental inputs:
good data and
good process.

There are two fundamental inputs: good data and good process.
Data inputs are the available data that inform the assessment of
the performance of each option against the agreed criteria. Process
inputs ensure engaged participation from an appropriate range of
stakeholders who are well supported to identify meaningful criteria
and appropriately diverse options.

4.2 Pitfalls
The biggest danger is to rush the process, e.g. linearising impacts
inappropriately or not exploring areas of disagreement in full (where
disagreements may often arise from omission of important criteria,
and/or incomplete definitions of criteria and alternatives).

© Smart water fund

Issue

Characterisation, Implications
and Actions to Avoid

Lack of appropriate
stakeholder
engagement

The whole process will be constrained – the objectives,
options, and criteria will represent only a subset of views. This
decreases the chances of buy-in to the outcome. Thoughtful
consideration and inclusion of representative viewpoints will
alleviate. Of course, the scale of stakeholder engagement
should reflect the significance of the situation.

Lack of clarity in
problem structure

If objectives are unclear and/or implicit, the chances of making a
good decision (i.e. one that delivers on those objectives) are slim

Mismatch between
objectives and
alternatives

A decision is only as good as the best alternative or option.
As a set, options therefore need to respond to the full breadth
of objectives.

Mismatch between
alternatives and criteria

Criteria fail to distinguish between the options on the dimensions
that matter. Criteria fail to focus on the ultimate consequences of
an alternative. Again, the analytical results will be skewed.

Double counting

One impact is over-represented in the analysis, and other
impacts are under-represented, so the analysis is skewed.
A common example in the water sector is accounting for
greenhouse gas emissions as well as renewable energy
sourcing. Accounting for flooding as well as improvements in
stormwater outcomes is another common error.

Failing to adequately
account for uncertainty

All MCDA situations will have external and internal uncertainties.
External uncertainties relate to the context e.g. shifts in political
will. Internal uncertainties relate to the level of robustness with
which an option can be defined and assessed. Misrepresenting
this robustness (for example, by resorting to numbers when
qualitative judgments are more appropriate, or by shifting the
boundary of analysis between options) will skew the analysis.

Conflating criteria
weights and
option scores

The process of weighting the criteria should be independent
of the process of scoring performance of options against the
criteria. Failure to do so will again skew the analysis.

Inappropriate
weighting processes

Weighing up the relative weights of criteria is subtle and
significant. It is also open to gaming if reduced to linear
weighted sums of scores. This too will skew the analysis.

Water Supply and demand investment Options Assessment Framework7

Multiple Criteria Decision Analysis

4. Process (cont)
4.3 Method steps
The fundamental process of MCDA is first to structure the problem in
terms of criteria of evaluation and the alternatives (policies, options,
etc.) to be evaluated; and then to assess each alternative in terms of
each criterion by value judgments informed by the available impact
data. The subsequent aggregation of preferences across criteria
typically makes use of quite simple mathematical tools. Within and
between these steps, there is typically much iteration to arrive at
agreeable outcomes.

1 ELECTRE comes from
ELimination Et Choix
Traduisant la REalité or
Elimination And Choice
Corresponding to Reality
(Roy (1968) ‘Classement
et choix en presence de
points de vue multiples
(la methode Electre)’,
Revue Francaise de
d’Informatique et de
Recherche Operationnelle,
8, pp.57–75.)

© Smart water fund

The process looks deceptively simple. Key words are highlighted in bold:
(a) Stakeholder workshops to establish operationally meaningful
definitions of criteria and the alternatives to be evaluated.
(b) Comparative evaluation of alternatives in terms of each criterion,
preferably with emphasis on the importance of gaps between
alternatives. Additive scoring systems imply that individual scores
are on an additive scale, so that differences in scores on any one
criterion have the same importance (in terms of tradeoffs with other
criteria) no matter where these differences occur along the scale.
One way to ensure that this property holds is to focus on the relative
importance of ‘gaps’ (differences in scores) between alternatives
and to verify that these are proportional to the score differences.
(c) A
 ssessment of importance weights by careful consideration of
the ranges of outcomes on each criterion. Importance weights in
an additive scoring model must be related to the range of possible
outcomes to which the scores are standardised. (e.g., if costs are
standardised for scoring over the range $100m to $120m, reflecting
the expected range of outcomes, then this criterion would have
presumably much lower importance for decision making than if
the range were $100m to, say, $250m.) This is a corollary of the
principle below that says criteria should distinguish meaningfully
between alternatives.
(d) A
 pplication of one or more methods for aggregating preferences.
Although weighted summation is a popular approach, it can
be sensitive to over-linearisation. An alternative approach to
aggregating preferences is provided for example by ‘outranking’
methods such as ELECTRE1 which compare alternatives pairwise on
the basis of evidence for and against an assertion that one is preferred
to the other. Both Belton and Stewart (2002) and the DCLG manual
(2010) provide guidance on implementing ELECTRE processes.
(e) S
 ubjection of aggregated values to sensitivity analysis. The
separate guide sheet on sensitivity analysis provides general
guidance for this process. In MCDA processes, a common approach
is to change the values of key weights or scores until the preference
order changes, and check whether that outcome is consistent with
the values expressed in the process.
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4. Process (cont)
Aligning objectives, alternatives and criteria
The key concept explained above is that there should sufficient
alignment between the objectives, the alternatives or options, and
the criteria by which they will be judged. The diagrams below are
intended to show firstly how that ought to work in a well-functioning
process and secondly how it often works in practice, in a less
functional MCA example. In Figure 1a, the options, criteria and
objectives are represented by similar shapes but different colours
indicating reasonable resonance, and the feedback arrows are of the
same shape and form for a given direction, indicating clear, consistent
and iterative. In Figure 1b, the options, criteria and objectives are
quite different in form indicating less resonance and overlap, as are
the feedback arrows, indicating discordant and unequal feedback.
figure 1

Concepts of well functioning and discordant MCDA process

Options

criteria

objectives

Options

criteria
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4. Process (cont)
The following principles for good processes and appropriate criteria
have been synthesised from a diverse set of practice-oriented reports,
guidelines, experiences, and publications. They can be and have been
used to effectively guide and set clear expectations for stakeholderdriven MCDA processes in the water sector.

Principles for process
Stakeholder driven

Stakeholders control, consultants advise. Appropriate
stakeholders engaged in appropriate ways at appropriate
points in process.

Auditable, transparent

Enough details recorded such that others who are outside
the process can see how the outcomes were arrived at.

Internally consistent

Objectives, alternatives, and criteria are internally consistent.

Communicable

Outcome retains important elements of the nuances in the
distinctions between options/projects e.g., spider diagrams

Learning oriented

Allows iterations. Allows options to be modified.
Checks sensitivity

Robust

Test sensitivity of outcome against changes
in assessment/pairwise comparisons

Principles for criteria
Discerning

Should distinguish between options i.e. if all options score the
same, then the criteria is not meaningful in the analysis. Where
options score similarly on a criterion, but the path matters,
then the criterion should be modified to reflect the path i.e. to
reflect the dimension that matters.

Independent

Avoid double counting e.g. counting both reductions in GHGE
and renewable energy generation.

Consequential

Focused on the consequences of each option.

Life Cycle oriented

Assessments consider whole life cycle of options and/or whole
timeframe of decision making.

Assessable

Operationally meaningful i.e. that the performance of options
can be assessed, either quantitatively through physical
measures or qualitatively through judgment.

Requisite as a set

Minimum and complete as a set i.e. the set of criteria should
comprise the number of specific criteria that is just good
enough to solve problem at hand.

4.4 Fit with adaptive and inclusive planning
Dealing with uncertainty is a significant step in any MCDA process.
Two options make sense in the context of water supply demand
planning: by sensitivity analysis and/or by incorporating a scenario
structure into the criterion definitions.
MCDA compares and values alternative policies, and not ‘water’ per
se, although implied tradeoffs about the values around water can be
extracted from MCDA processes.
The primary point of MCDA is to assess suites of options as opposed
to single options. The value judgments in MCDA should be made
by appropriate representatives of affected communities. Decision
makers are also stakeholders, but in addition they can interact with
the models to explore different importance weightings.
© Smart water fund
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5. Tools
No very sophisticated tools are necessary. Much can be done with
attention to good process and a spreadsheet: in many ways, a simple,
more transparent process is preferable. However, some specially
designed software does exist to facilitate the process:
• VISA: www.visadecisions.com/
• WebHiPre: www.hipre.hut.fi/
• DEFINITE: www.ivm.vu.nl/en/projects/Projects/spatial-analysis/
DEFINITE/index.asp
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6. Case studies (local & international)
Whilst MCA is often used in the sector, it is often not done well i.e., the
simple principles for criteria outlined above are generally not adhered to.
A recent Australian PhD thesis in MCDA in the urban water sector
noted that despite considerable effort being invested in the area, and
the widespread availability of frameworks, their usefulness appears
to be uncertain, because often the decision adopted is different from
solutions obtained from MCDA models (Lai 2011). This suggests an
obvious gap between academic practice and industry practice in this
realm, that it is important to bridge in this project.
There is a good industry case study of MCDA in Section 7 of the
Melbourne Water Triple Bottom Line Guidelines concerning the
treatment and eventual disposal/use of biosolids. It found that the
results were highly sensitive to the relative weightings of financial/
social/environmental groups of criteria.
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7. Further resources
Valerie Belton and Theodor J. Stewart (2002) Multiple Criteria
Decision Analysis: An Integrated Approach. Kluwer Academic
Publishers

This is one of the classic, practical texts in the very broad field that is MCDA.
It is aimed at both people in industry and researchers who are not specialists
in MCDA, but rather seeking to be practitioners. It aims to provide enough
background for this audience to act in an informed manner. It is nondenominational in the sense that it seeks to integrate, where practicable,
different lines of thought and practice within MCDA as well as to integrate MCDA
with broader management concepts.
Valerie Belton and Theodor Stewart (2010) ‘Problem Structuring and
Multiple Criteria Decision Analysis’ in Trends in Multiple Criteria
Decision Analysis (eds) Matthias Ehrgott, Jose Rui Figueira and
Salvatore Greco. International Series in Operations Research and
Management Science 142. Springer Science+Business Media. pp209-239

This chapter provides a very accessible introduction to the concept and value
of problem structuring, as well as four clear illustrated case studies of different
problem structuring methods.
www.catalyze.co.uk/
aboutus/news/dclg

Department for Communities and Local Government (DCLG) (2009)
Multi-criteria analysis: a manual, Crown, London www.catalyze.
co.uk/aboutus/news/dclg

This is an excellent, freely available, general guide to multi criteria processes in
the public sector. Chapter 6 is particularly useful – it offers good guidance for
conducting processes, right down to excellent questions to ask to help improve
the quality and integrity of an MCDA process, including the most fundamental
question: ‘how does this criterion help to distinguish between options?’

www.nwc.gov.au/
resources/documents/41_
IRP.pdf)

Fane S, Blackburn N and Chong J 2010, ‘Sustainability assessment in
urban water IRP’, in Integrated resource planning for urban water—
resource papers, Waterlines Report Series No. 41, National Water
Commission, Canberra (freely available from
www.nwc.gov.au/resources/documents/41_IRP.pdf)

This is a resource paper commissioned by the National Water Commission on
behalf of the Australian water industry. Section 2 (the element referenced above)
is focused on sustainability assessment, and is particularly pertinent to many
of the Guide Sheets. There is specific discussion on MCA, guidelines on how to
conduct MCA, further information about the strengths and limitations of MCA,
and additional case studies of MCA in the Australian water industry.
Hammond, J., Keeney.L, and Raiffa, H. (1999), ‘Smart choices: a
practical guide to making better decisions’, Harvard Business School
Press, Boston, Massachusetts

This is a very accessible, practical book written by leaders in the field with an
orientation towards valuation. It incorporates all the steps in MCDA, but without
the MCDA language. The approach it sets up stems from the groundbreaking
work on value focused thinking by the authors in the 1970s. Because it is practically
focused, it uses everyday problems (buying a house, expanding a business, etc.)
to show how to iterate between a focus on values and a focus on alternatives.
The main limitation is that it overemphasises quantification at the expense of
qualification, that is reducing to simple numbers loses important richness.
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7. Further resources (cont)

hbr.org/product/
hidden-traps-in-decisionmaking-hbr-classic/an/
R0601K-PDF-ENG

www.wsaa.asn.au/
Publications/Pages/
OccasionalPapers.aspx

www.sciencedirect.
com/science/article/pii/
S0921800997005739

www.lifecycleguidance.
dtf.vic.gov.au/admin/
library/attachments/
Melbourne%20Water%20
Triple%20Bottom%20
Line.pdf
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Ralph L. Keeney, Howard Raiffa, John S. Hammond (2006) ‘Hidden
traps in Decision Making’, Harvard Business Review. Available for
purchase from hbr.org/product/hidden-traps-in-decision-makinghbr-classic/an/R0601K-PDF-ENG

This article, accessible on line, is a clever distillation of decades of work in
decision-making. It identifies, explains, and gives examples and ways around the
traps we all have a tendency to fall into when making decisions. It’s a great read
in general, and a very good starter for improving the quality and outcomes of
decisions in any realm.
Lundie S, Peters GM and Ashbolt NJ (2008). Sustainability framework:
methodology for evaluating the overall sustainability of urban water
systems, Occasional Paper no. 17, Water Services Association of Australia.
(available from (free to WSAA members, others may purchase)
www.wsaa.asn.au/Publications/Pages/OccasionalPapers.aspx)

This piece of commissioned work uses MCA as the overarching methodology
for assessing sustainability. It has a strong focus on appropriate stakeholder
processes, and proposes the following useful set of primary objectives:
Economic, Human health, Environmental, Technical and Social.
Alison R Joubert, Anthony Leiman, Helen M de Klerk, Stephen
Katua, J.Coenrad Aggenbach (1997) ‘Fynbos (fine bush) vegetation
and the supply of water: a comparison of multi-criteria decision
analysis and cost-benefit analysis’, Ecological Economics, Volume 22,
Issue 2, August 1997, Pages 123-140, ISSN 0921-8009, DOI: 10.1016/
S0921-8009(97)00573-9. (www.sciencedirect.com/science/article/pii/
S0921800997005739)

This article explores some fundamental limitations with cost benefit analysis and
attempts to address them with multi criteria processes using the case study of
the expansion of potable water supply for Cape Town and its implications for the
users of the catchment involved.
Melbourne Water (2007) Triple Bottom Line Guidelines. Available
from www.lifecycleguidance.dtf.vic.gov.au/admin/library/
attachments/Melbourne%20Water%20Triple%20Bottom%20Line.pdf

These useful and practical guidelines were developed in consultation
with the Department of Treasury and Finance, and the Department of
Sustainability and Environment.
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Preface
This guide sheet forms part of a suite of documents to make up the
Planning for Resilient Water Systems framework, which comprises
four components:
1)	An assessment framework summary: an integrated overview of
the rationale for the framework and each of the steps and
activities that it comprises.
2) A process map: a clear and concise visual representation of the
seven steps and more than thirty activities that make up the
process of applying the assessment framework
3)	A process manual: a detailed guide to the why, what, how, and so
what of each activity within the process.
4)	A set of analytical method guide sheets: nine documents that
each explore and explain a key methodology for the necessary
analysis for both strategy and operational decisions that flow from
the framework.
The guide sheets provide detailed methodological advice to underpin
both the strategic planning process and operational decision-making
at a project level. The guide sheets fall into three logical groupings:
• Methods for assessing the performance of measures and/or portfolios of
measures in achieving the key performance criteria. These include Cost
Effectiveness Analysis, Cost Benefit Analysis, Problem Structuring
(MCDA), Resource Intensity (Life Cycle Analysis) and Monetisation.
• Methods for testing the assumptions used in the strategic analysis or
the project level analysis. Using Sensitivity Analysis, the sensitivity
of the outcome to changes in the assumptions can be assessed.
• Methods for assessing strategies that ensure flexible and robust
portfolios of measures in response to uncertain influences. These
methods (Scenario, Probability, and Decision Analysis) operate at a
strategic level only.
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1. Purpose and relevance
Sensitivity Analysis measures the material impact on the outcome
of changing one or more key input parameters about which there is
uncertainty. It can also be applied to provide a preliminary indication
of the robustness of the assessment findings subject to variance
in the assumptions.

Varying the underlying
assumptions of the model
within plausible ranges
provides an indication of
the confidence that can be
attributed to the result.

Since options analysis usually involves complex modeling exercises,
varying the underlying assumptions of the model within plausible
ranges enables those assumptions that have the greatest influence on
the outcome to be identified. The range of outcome results will give an
indication of the confidence that can be attributed to the result.
An analyst will never have complete knowledge about the measures
under assessment, so Sensitivity Analysis is essential for assessing
which gaps in knowledge matter most. This method is useful in
addressing the uncertainty in the key parameters and assumptions
(e.g., cost estimates, water balances, discount rate, timing etc) to
determine the relative robustness of measures and preferred solutions.
Definitions of sensitivity analysis and uncertainty/probability analysis
overlap and vary. Here, we have taken a simple view of Sensitivity
Analysis and confine it to non-probabilistic approaches to assessing
the impacts of uncertainty i.e., gaps in the accuracy or precision of our
specification of contextual influences. That is, Sensitivity Analysis
can be used to assess uncertainty for a single measure, for portfolios or
suites of measures, or for different scenarios, but only in fairly simple
ways because of the non-probabilistic constraint. Probability Analysis
handles more complex forms of uncertainty in meaningful and
elegant ways because it assigns probabilities to the influences.

1.1 Expected Outcomes
Sensitivity Analysis produces four key outcomes:
• It reveals those uncertainties that are likely to have a significant
impact on the assessment conclusions
• It provides a preliminary assessment of the robustness of the
conclusions subject to variance in the study assumptions
• It identifies potential tipping points in complex systems. It reveals
when a change in a specific variable causes a change in the preferred
outcome. The new preferred outcome can then be examined to
determine whether it is realistic and likely to occur, or not.
• It identifies additional areas of risk to be addressed in a risk
management plan.

© Smart water fund
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1. Purpose and relevance (cont)
1.2 b
 road relevance for water supply
and demand planning
Urban water planning exercises involve significant levels of
uncertainty both in modeling the system and analysing possible
scenarios and strategies. As such, urban water assessments must
explicitly analyse the robustness of their conclusions to changes in
their underlying parameters.
Given the uncertainty associated with climate variability, climate
change and customer demand, a Sensitivity Analysis is a crucial part
of the options assessment process informing the water supply and
demand strategy. It provides an indication of the robustness and
confidence in the assumptions and proposed responses presented in a
water supply demand strategy.
Sensitivity Analysis is important for communicating the robustness of
analyses and confidence in the proposed strategy to decision-makers
and to the community. By making the assumptions explicit and
transparent within the water planning process, Sensitivity Analysis
process is an important instrument to identify potential compromises
between groups of stakeholders and thus contributes to acceptance
of final solutions. Sensitivity Analysis can be useful in considering
the value of water because it provides a mechanism for assessing the
sensitivity of changes in the willingness to pay for water services.
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2. Strengths and limits
2.1 Key Strengths
In addition to the expected outcomes in Section 1.2, Sensitivity
Analysis is useful in defending a measure and preparing for the ‘whatif’ questions to ensure that the measure will stand up to scrutiny.
Because this method does not require the use of probabilities (this
is also its weakness – see later), it can be used when there is little
information, resources or time to undertake more sophisticated
techniques. It will identify assumptions that have critical impacts,
and therefore help focus limited resources on collecting the data that
will most improve the reliability of the outcome.

2.2 Key limitations
The major limitation of Sensitivity Analysis is that it does not
incorporate a probabilistic measure of risk exposure. While one might
be sure that several different future paths are possible, and that
each is characterised by different assumptions, Sensitivity Analysis
contains no explicit measure of their likelihood.
Most useful models depend on more than one parameter (multi-variate
models) and because parameters are likely interdependent to a certain
degree, a multi-variate Sensitivity Analysis may be required. Whilst
this is possible (as described below), multi-variate Sensitivity Analysis
can be laborious and costly and therefore is often not performed. Even
for mathematical models Sensitivity Analysis is often only performed
in a uni-variate way (i.e. identification of the change of the outcome of a
model as a function of change of one parameter of the model)1.
1 Probability Analysis, as
defined in a companion
guide sheet, is also known
as uncertainty analysis,
and is effectively a form of
global sensitivity analysis
that responds to this
limitation by undertaking
a full simulation of each
significant uncertainty
and its covariance with
respect to all other
uncertainties.
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2.3 Misuse and its implications
Sensitivity Analysis will typically provide a poor indicator of the
robustness of an assessment to uncertainties when the dominant
uncertainties are strongly correlated. Under these conditions, the
assessment may systematically overestimate the robustness of
strategies subject to uncertainty.
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3. Context
3.1 Preceding Methods
Sensitivity Analysis is
applied to a qualitative or
quantitative model.

Sensitivity Analysis is applied to a qualitative or quantitative model
describing the driving variables and causal relationships affecting the
assessment objectives. As such, Sensitivity Analysis is informed by
system modeling methods.

3.2 Subsequent Methods
Sensitivity Analysis provides a preliminary indication of the
robustness of strategies subject to variance in the parameters and is
often applied to identify significant uncertainties for more detailed
analysis using Scenario Analysis or Probability Analysis.

3.3 Alternative and complementary methods
There is no substitute for an effective Sensitivity Analysis. This
method should be understood as compulsory in strategic assessment.

3.4 Combinations
For all but the most simple problem situations, sensitivity analysis
will be combined with a form of Scenario and/or Probability Analysis.
Such methods are necessary to assess the vulnerability of alternative
strategies subject to uncertainties in combination.
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4. Process
4.1 Input requirements
A Sensitivity Analysis is only as good as the system model on which
it is operating. The method also requires the ranges for each of the
model parameters to be specified.

4.2 Method steps
1) Identify parameters
The first step involves identifying a list of all parameters that may
significantly affect the objective function. During this stage it is
important to remember that it is better to err on the side of inclusion,
i.e., to include a less significant parameter than to miss a potentially
significant parameter.
2) Specify ranges
The next step involves specifying a consistently probable range for
each identified parameter. Though a 10%/90% criteria is typically
suggested, a more useful process may be to ask an expert/s to identify
the lowest and highest value that can reasonably be anticipated to
occur for each parameter i.e. the range of uncertainty associated with
that parameter.
3) Analyse sensitivity
The final step involves analysing the sensitivity of the outcome by
recalculating the model outputs with the new parameter values. This
may be undertaken quantitatively and/or graphically.
Quantitative sensitivity analysis implies the calculation and
ranking of a defined sensitivity score for each identified parameter.
Graphical sensitivity analysis implies the development of graphical
representations of the relative sensitivity of parameters. Two groups
of graphical sensitivity analysis methods are established in the
literature: static analysis tools and dynamic analysis tools. Static
analysis tools are generally done before a simulation to determine
which parameters are most significant, whereas the dynamic analysis
is undertaken after a simulation to identify the impact when multiple
interacting variables are simulated together in the model. Tornado
and spider charts are static sensitivity analysis tools which are useful
for determining which parameters impact the outcome the most. That
is, each parameter is changed a set amount and the result is analysed
to determine which parameter/s affects the outcome the most.
Spider graphs are effective for analysing a limited set of parameters
in improved detail, while tornado graphs are effective for analysing
many parameters where multiple level outputs for each parameter
would be overwhelming. For example, Figure 1 (next page) illustrates
a spider graph, where it can be seen that the adjusted internal rate
of return (AIRR) is least affected by changes in asset life (i.e., in
assumptions about how long the asset will be used). Small changes in
the assumptions about the operation, maintenance and replacement
(OM&R) costs dramatically affect the AIRR, so OM&R will require
more accurate data to narrow the range of uncertainty associated
with this parameter.
© Smart water fund
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4. Process (cont)
Figure 1

Example of a spider graph for relative sensitivity of model factors
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Figure 2 illustrates the use of a tornado graph, which can be used to
analyse many more parameters. The parameters are ordered based
on their sensitivity, with the most sensitive located at the top, which
gives the tornado shape. In this illustrative example, when the ‘bulk
water price increase’ variable was originally set at 30%, the NPV
was $60M. When reduced to 20%, the NPV falls to $40M, and when
increased to 45%, the NPV increases to $90M.
Figure 2

Example of a tornado graph for relative sensitivity
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Bulk water price
increase ( 30%)
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4. Process (cont)
Sensitivity charts on the other hand allow for the simultaneous
perturbation of multiple assumptions and the capture of their
interactions in the variations of the results. Sensitivity charts show
how much of the variation in the forecast outcome can be explained
by the variations in each of the assumptions by itself in a dynamic
simulated environment. This is usually done by means of a bar chart
as illustrated in Figure 3 where for this example, fuel price has the
largest influence on the variation of the forecast outcome.
Figure 3

Percentage of assumption variation attributed
to the simulated outcome
Bulkwater price increase 78%
Fuel price increase
90%
Inflation 23%
Discount rate 11%
0

20%

40%

60%

80%

100%

4.3 Pitfalls
It is better to specify an
individual variance range
for each parameter.
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A common pitfall occurs when a consistent percentage change is
applied to all parameters. It is better to specify an individual variance
range for each parameter, because a uniform but uninformed
Sensitivity Analysis leads to a systematic bias of parameters with high
sensitivity but low variance.
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5. Tools
The straightforward approaches described above may not require
any further tools other than Microsoft Excel add-ins. However, more
sophisticated tools do exist that can help – for more on tools please
refer to the Probability Analysis guide sheet, and Saltelli et al. (2004).
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6. Case studies
The sensitivity examples in the Costing for Sustainable Outcomes
in Water Systems Guidebook (Mitchell et al., 2007) provide useful
illustrations of the sensitivity of cost and avoided cost estimates,
changes in growth projections, and discount rates.
• By varying the cost estimates by +- 10% showed that uncertainties
increase as they propagate through the calculations.
• The varying growth rates highlighted an important sensitivity
of distributed systems, since they represented a lower risk of
over-investment should growth rates be slower.
• The choice of discount rate had a marked effect on the rate of return.
For a high discount rate, future costs have a lower impact on the NPV
than for the case with a lower discount rate, so the relative viability
of different responses changes markedly (see Figure 4).
Figure 4

Example of the Sensitivity to Discount rate
Source: Mitchell et al. 2007)
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recycling & DM)

Config 3
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7. Further resources and references
Andrea Saltelli, Stefano Tarantola, Francesca Campolongo and Marco
Ratto (2004): Sensitivity Analysis in Practice: A Guide to Assessing
Scientific Models. Joint Research Centre of the European Commission,
Ispra, Italy. John Wiley. & Sons. ISBN 0-470-87093-1.

This book is a primer for sensitivity analysis for mathematical or computational
models.
Mitchell, C.A., Fane, S.A., Willetts, J.R., Plant, R.A. & Kazaglis, A. 2007,
‘Costing for sustainable outcomes in urban water systems – a guidebook’,
Institute for Sustainable Futures, UTS/The Cooperative Research Centre
for Water Quality & Treatment, Sydney, pp 66-68

This section of the Guidebook provides good examples of the results of doing a
Sensitivity Analysis.

www.realoptionsvaluation.com/xls/
TornadondSensitivityNonlinear.xls

© Smart water fund

Jonathan Mun, 2007, Sensitivity sample model
www.realoptionsvaluation.com/xls/TornadoandSensitivityNonlinear.xls

This excel spreadsheet guide is very useful for understanding the difference in
static and dynamic Sensitivity Analysis.
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Preface
This guide sheet forms part of a suite of documents to make up the
Planning for Resilient Water Systems framework, which comprises
four components:
1)	An assessment framework summary: an integrated overview of
the rationale for the framework and each of the steps and
activities that it comprises.
2) A process map: a clear and concise visual representation of the
seven steps and more than thirty activities that make up the
process of applying the assessment framework
3)	A process manual: a detailed guide to the why, what, how, and so
what of each activity within the process.
4)	A set of analytical method guide sheets: nine documents that
each explore and explain a key methodology for the necessary
analysis for both strategy and operational decisions that flow from
the framework.
The guide sheets provide detailed methodological advice to underpin
both the strategic planning process and operational decision-making
at a project level. The guide sheets fall into three logical groupings:
• Methods for assessing the performance of measures and/or portfolios of
measures in achieving the key performance criteria. These include Cost
Effectiveness Analysis, Cost Benefit Analysis, Problem Structuring
(MCDA), Resource Intensity (Life Cycle Analysis) and Monetisation.
• Methods for testing the assumptions used in the strategic analysis or
the project level analysis. Using Sensitivity Analysis, the sensitivity
of the outcome to changes in the assumptions can be assessed.
• Methods for assessing strategies that ensure flexible and robust
portfolios of measures in response to uncertain influences. These
methods (Scenario, Probability, and Decision Analysis) operate at a
strategic level only.
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1. Purpose and relevance
Scenario Analysis is the process of analysing possible future events
through the consideration of alternative, plausible, though not equally
likely, states of the world (scenarios). They are typically used in the
context of either planning over long time horizons or making
short-term decisions that have long-term consequences.
Scenarios are not forecasts or predictions. Nor are they intended to be
probabilistic or representative of the most likely future, but are rather
meant to portray a set of alternative futures that could occur, no matter
how improbable the outcome.
Scenario Analysis should be distinguished from Probability Analysis
and Sensitivity Analysis. Scenarios are well suited to challenging
conventional thinking and accepted assumptions when creating
possible futures, whereas Probability Analysis takes a quantitative
probabilistic approach to analysing the uncertainties that could arise
under different circumstances, both in the present and the future.
Sensitivity Analysis assesses how variations in specific factors
(e.g., rainfall) can affect an output (e.g., stream-flow, system cost).

1.1 Expected Outcomes
Scenario Analysis provides
a basis for analysing and
improving the robustness
of water systems subject to
a range of possible futures.

Scenario Analysis provides a basis for analysing and improving the
robustness of water systems subject to a range of possible futures.
It specifically allows for:
• a set of various scenarios that ideally span the space of possible futures;
• coverage of relevant major issues at hand as well as a systematic
collection of possible options and the interactions of a the elements
within the system under consideration; and
• a solid basis for the process of strategy formulation.
The involvement of relevant stakeholders through participation in
scenario formulations can assist the acceptance of the resulting strategies.

1.2 b
 road relevance for water supply
and demand planning
Urban water systems exist in a dynamic environment characterised
by high levels of variability and uncertainty. This variability and
uncertainty needs to be explicitly analysed and managed in water
planning decisions because it materially impacts on supply-demand
imbalances and responses to them. The scenario approach is a
systematic way to deal with these complex systems and their possible
futures by identifying the essential key forces in the local environment
as well as essential external driving forces (such as social, technological,
economic, environmental, and political). It is appropriate to use
Scenario Analysis when the quantitative expression of the uncertainties
required by Probability Analysis is impractical or unreasonable.

© Smart water fund

Though some uncertainties can be managed through incorporating
redundancies or ‘margins for error’, such approaches are limited in
their feasibility and effectiveness, necessitating a more structured
approach to uncertainty that allows the introduction of new, more
appropriate responses, such as a diversified portfolio.

Water Supply and demand investment Options Assessment Framework2

Scenario Analysis

1. Purpose and relevance (cont)
Potential responses (measures and portfolios of measures) can be
tested against various plausible scenarios characterised by say high
economic growth, low economic growth, various climate change
scenarios etc. In terms of formulating strategy, this structured scenario
approach is useful for high level decision making under uncertainty. In
addition, by engaging with stakeholders such as local government to
develop the future scenarios, sectoral (‘one dimensional’) perspectives
can be overcome.

Scenario Analysis is ideal
for including stakeholder
and decision makers in the
collaborative process of
describing possible futures
under uncertainty.

© Smart water fund

Scenario Analysis fits well with adaptive and inclusive planning. It is
ideal for including stakeholder and decision makers in the collaborative
process of describing possible futures under uncertainty. The value of
water to society can be addressed by Scenario Analysis. For example,
a change in willingness to pay for healthier urban landscapes can be
captured as a future state in a Scenario Analysis.
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2. Strengths and limits
2.1 Key Strengths

Avoids the quantitative
expression of probabilities
by creatively exploring a
suite of possible futures.

The great strength of the scenario approach is that it has a qualitative,
rather than quantitative orientation i.e., it relies on narratives rather
than numbers. By avoiding the quantitative expression of probabilities,
Scenario Analysis releases stakeholders and analysts to creatively
explore a suite of possible futures. This quality is advantageous
for analysing uncertainties characterised by a lack of precision or
knowledge, or a significant normative (i.e., values-based) dimension,
or for analysing the consequences of discontinuities or surprises.
It also creates significant organisational learning opportunities (see the
Resources List at the back of this guide sheet for examples).
A scenario approach can and should incorporate a wide spectrum
of perspectives (e.g. of various stakeholders) in the design of the
scenarios, through scenario workshops. This facilitates buy-in to the
process and the outcome, as well as helping to ensure that no essential
aspects regarding the system under consideration are missed.

2.2 Key limitations and challenges
The key benefit of Scenario Analysis is also its weakness. By
neglecting to specify probabilities for each alternative future,
scenario analysis (when exclusively applied) does not provide a
systematic definition of the relative importance of each alternative
future, potentially leading to biased conclusions.
As a result, stakeholders and analysts may be discouraged from
using scenarios for collaborative decision-making or may distrust the
outcomes because they challenge perceptions, such as that the future
should be an extrapolation of the past.

A key challenge is also
that the participants of
scenario workshops need
to be capable of strategic,
long-term thinking and
that they represent a wide
diversity of background,
perspectives and views.
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A key challenge is also that the participants of scenario workshops
need to be capable of strategic, long-term thinking (most people
spend most of their time focusing on short-term details) and that they
represent a wide diversity of background, perspectives and views. The
workshops need a substantial amount of preparation (e.g., on relevant
trends of external key factors), time to work through the process, and
an excellent moderator.

2.3 Misuse and its implications
Scenario Analysis is sometimes inappropriately applied for analysing
the probability of all uncertain factors. In this role, decision-makers
may assign probabilities implicitly and unsystematically, leading to
an unwarranted, unbalanced focus on either worst case outcomes or
‘mid-range’ scenarios.
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3. Context
3.1 Preceding Methods
Scenario Analysis relies on a sufficiently accurate model describing
the driving variables and causal relationships affecting the
assessment objectives. As such, it must be informed by a system
modeling process. It may also be informed by a Sensitivity Analysis
that identifies and orders significant sources of uncertainty.
The time and preparation required before undertaking a Scenario
Analysis session should not be under estimated. In advance of
any scenario workshop, there is a need to pre-identify and collect
relevant information about trends and possible external factors (e.g.,
technological, economic, regulatory, social, environmental, political,
etc) and prepare issue papers beforehand to provide participants with
a good common working knowledge.

3.2 Subsequent Methods
The Scenario Analysis will typically be one of a series of methods
informing Probability and/or Decision Analysis processes.

The consequences of
interactions among
the boundary conditions,
driving forces and
system components need
to be identified.

1) Scenario analysis
Once the scenarios building phase is finished, the next phase is to
craft flexible strategies in response to the scenarios and appropriate
monitoring systems for assessing those responses. The consequences
of interactions among the boundary conditions, driving forces and
system components need to be identified. This is primarily a scientific
effort using statistical and other analytical techniques.
2) Scenario assessment
This phase involves identifying risks, rewards, mitigation
opportunities and tradeoffs through a Decision Analysis process.
The results are presented to stakeholders to extract a set of narratives
based on the analysis. The focus here is on the patterns identified
(rather than the specific numbers or end states) and on factors that
may bias the assessment results.
3) Risk Management
This is primarily undertaken by managers and decision makers,
and not the analysts involved in the scenario study. Managers and
decision makers develop strategies for reducing vulnerabilities to risk,
increasing resilience to negative impacts, and positioning resources to
exploit opportunities.

3.3 Alternative and complementary methods

© Smart water fund

The key complement to Scenario Analysis is Probability Analysis
(or uncertainty analysis). Probability Analysis goes a step further
by assigning quantitative probabilities to the suite of alternative
futures. However, for these probabilities to be useful, they must
be meaningful i.e., based on adequate amounts of information of
appropriate quality. Where such information exists, models can
be constructed. Such models are necessarily complex, but can
analyse the ultimate probable distribution of outcomes subject to all
quantified uncertainties.
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3. Context (cont)
3.4 Combinations
Scenario Analysis can be usefully combined with a suite of
complementary methods, viz.:
• Sensitivity Analysis methods may be usefully applied to refine a
limited set of significant uncertainties to be analysed;
• If it is deemed necessary to undertake more comprehensive analysis,
then Probability Analysis may be usefully applied to analyse
and design for those uncertainties that may be characterised by
quantitative probabilities, and Decision Analysis may be usefully
applied to analyse and design for flexibility subject to shocks or
surprises, when choosing viable options.
• If a more targeted analysis will suffice, then Scenario Analysis can
be combined with contingency analysis. Contingency analysis
is similar to Decision Analysis, but less complex in that, similar
to Scenario Analysis, it can only deal with simplified problem
structures and limited numbers of options.

© Smart water fund
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4. Process (How)
4.1 Input requirements
The outcome of a Scenario Analysis is only as good as the system
model on which it is operating, so it requires a sufficiently accurate
system model, which may be qualitative or quantitative. The method
also requires a series of pertinent futures to be identified. As such
it requires input from a team of content specialists with sufficient
knowledge of the system being analysed.

4.2 Method steps
1) Identify drivers
The scenario definition phase identifies the specific characteristics of
scenarios that are of interest to the stakeholders, which may be either
an extrapolation of the present trend or a paradigm shift in system
behaviour – what decisions need to be made that will have long term
influence on the attainment of the overall goals identified for the
utility, and what key considerations will shape the outcomes?
This step also involves identifying a pertinent sequence of drivers
underlying the assessment, such as social, technical, environmental,
economic and political factors i.e. the STEEP framework. This is
typically achieved through recursively applying a suite of methods
including environmental scanning (e.g. the STEEP framework,
influence diagramming, influence grouping, and influence ranking;
see Glenn and Gordon (2003)). Important questions to address during
the scenario definition phase should include (Mahmoud et al., 2009):
• What time horizon and intervals are important
• What regional extent and subdivisions should be considered
• What system components are relevant
2) Specify scenarios
Once a limited set of drivers have been identified (preferably less than
10), the scenario team then seeks to combine the suite of drivers into a
two-axis matrix, leading to four core scenarios. This will necessarily
involve the conflation of drivers under a more limited set of unifying
themes. A common approach is to choose two driving forces which are
both very important and highly uncertain, from which two different
but plausible future outcomes can be assumed. This can be achieved
by placing the uncertainties in a ranking matrix of level of uncertainty
and sensitivity to the driver. (See next page)
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4. Process (cont)
Figure 1

Example of drivers matrix for specifying scenarios
Aggressive climate

Scenario 1

Scenario 2

Aggressive climate,
limited growth

Aggressive climate,
rapid growth

Measured
Growth

Rapid
Growth

Scenario 3

Scenario 4

Benign climate,
limited growth

Benign climate,
rapid growth

Benign climate

Each of these four scenarios should then be qualitatively described
in the form of a ‘storyline’. Though it is best to limit the number
of scenarios to four, the scenario team may optionally develop a
supplementary suite of scenarios for analysing surprises or shocks, in
combination with a form of flexibility assessment (such as Decision
Analysis or contingency analysis).
3) Model the scenarios
Though in qualitative Scenario Analyses the analysis ends here,
the next stage of a quantitative Scenario Analysis study involves
elaborating the storylines using some form of quantitative description.
This is typically undertaken using an elicitation process, similar to the
following:
i) Setup the process
ii)	Analyse and document the knowledge on which the elicitation
is based.
iii)	Analyse and document any interests the experts have vested
in the decision
iv)	Train the experts in the interpretation and specification
of scenarios
v) Elicit summaries
vi)	Identify a functional form that may be competently assessed
and sufficiently characterises the expert’s understanding.
vii)	Elicit parameters to define the function
viii)	Identify missing interactions between the elicited factor and all
other significant factors
ix) Model the summaries
x) Review the elicitation and revise if necessary
xi) Check internal consistency
xii) Check fitness for purpose

© Smart water fund
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4. Process (cont)
4) Monitoring and post-audits
Since the environment is constantly changing, continuous reviews
and corrections of scenarios are usually necessary in a formal scenario
development process.

4.3 Pitfalls
Since a Scenario Analysis can never provide a comprehensive picture
of possible futures, a rigorous process for driver prioritisation is critical
– too many drivers will be overwhelming to the decision-making team,
while too few drivers will fail to recognise the breadth of possibility.
In addition, Scenario Analyses are often limited to analysing
the variance in a single driver alone (e.g. low, medium, high runoff scenarios). Though an important first step when analysing
uncertainty, such ‘sensitivity’ scenario exercises fail to analyse the
interaction of uncertainties and therefore provide a partial and
potentially misleading picture of the domain of possible futures.
Also, the use of three levels of variance often leads to the incorrect
interpretation that the middle level is the most likely.

© Smart water fund
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5. Tools
Methods for scenario development can either be more dialogueoriented or can be based on more formal (mathematical) tools.
The dialogue approach is more intuitive and cannot perceived by
stakeholders as a ‘black box’, unlike models which can be difficult to
make transparent.
If specific issues come up during the scenario process that deal with
quantitative factors, it might be necessary to do numerical modeling
exercises in parallel to the scenario workshop.
There are some more formal (quantitative, mathematical) tools
available to deal with specific tasks within a scenario process. These
include Zicky’s morphological box to identify and structure driving
factors, cross impact matrices or causal loop modeling and systems
thinking tools (e.g. system archetypes) to identify and analyse the
structure of dynamic interactions between driving factors (Peter
Senge et al., 1994).
Other useful methods are Multi Criteria Decision Assessment
methods that may be used to evaluate, assess and rank key drivers for
the scenarios.

© Smart water fund
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6. Case studies (local & international)
• IPCC SRES scenarios provide a good example of a global set of
scenarios within which the impact of greenhouse gas emissions are
assessed. A criticism of these scenarios is in the application. Since
they are too complicated to understand, analysts general adopt the
middle of the road scenario, since it is considered the most plausible.
• The well documented Royal Dutch Shell scenario planning provides
good guidance on how to undertake scenario planning. The analysts
of this company publicly estimated that this planning process made
their company the largest in the world. However other observers
of Shell’s use of scenario planning have suggested that few if any
significant long term business advantages accrued to Shell from
the use of scenario methodology. Neither the high level ‘Group
scenarios’ nor the country level scenarios produced with operating
companies really made much difference when key decisions were
being taken’. The decision-making processes following the scenarios
were the primary cause of the lack of strategic implementation,
rather than the scenarios themselves. As a result, many practitioners
today spend as much time on the decision making process as on
creating the scenarios themselves. (Schwartz, P 1991 The Art of the
Long View. Doubleday)

WATER 2010: Four
Scenarios for 21st
Century Water Systems.
www.rmi.org/rmi/
Library/W96-04_
Water2010FourScenarios

• A useful example from the USA of how to undertake a scenario
analysis can be found in Richard Pinkham, Scott Chaplin (1996):
WATER 2010: Four Scenarios for 21st Century Water Systems.
Rocky Mountain Institute. www.rmi.org/rmi/Library/W9604_Water2010FourScenarios. This paper describes the process of
developing scenarios to address challenges and uncertainties facing
municipal water systems in the USA. The paper only covers the
development of the scenario story lines and does not address possible
strategies. The two key uncertainties identified were the role of federal
government and the future nature of the financial environment.
• Another urban water related scenario approach, this time from
Europe, was undertaken to develop long term visions of alternative
water infrastructure which considered the degree of decentralisation
of wastewater, separation of various wastewater steams, closing
loops with regard to water and nutrients, and the deregulation
assumed. (Hiessl, H., & Tou, D. (2003). Options for sustainable urban
water infrastructure systems : Results of the AKWA 2100 project.
Innovation, (April), 757-758)
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7. Further resources and references
Peter Schwartz (1991): The Art of the Long View. Currency Doubleday,
New York, London, Toronto, Sydney, Auckland. ISBN 0-385-26731-2

This is an absolutely essential work on the scenario approach. A ‘must read’.
Kees van der Heijden (1996): Scenarios: The Art of Strategic
Conversation. Wiley, New York. ISBN 0-471-96639-8.

The other ‘must read’. Provides a wealth of practical experiences from the
application of scenarios in business context – especially of Shell.
Kees van der Heijden, Ron Bradfield, George Burt, George Cairns,
George Wright (2002): The Sixth Sense: Accelerating Organizational
Learning with Scenarios. Wiley. ISBN 0-470-84491-4.

Gives an integrated view on organisational learning and scenario planning.
Gill Ringland (1998): Scenario Planning: Managing for the Future.
Wiley. ISBN 0-471-97790-X.

Provides a wide set of examples and case studies on the application of the
scenario approach in the business context.
Liam Fahey, Robert M. Randall (1998): Learning from the Future:
Competitive Foresight Scenarios. Wiley. ISBN0-471-30352-6.

Addresses the issue of learning with and from scenarios. Addresses the issue of
strategy formulation based on scenarios.
Michel Godet (1991): From anticipation to action: A handbook of
strategic perspective. UNESCO Publishing. Dunod, Paris.
ISBN 92-3-102832-4.

In comparison with the other references which favor a more qualitative,
dialogue oriented approach to scenario plotting Godet emphasises a more
mathematically oriented approach to the design of scenarios.
Edward Cornish (2004): Futuring: The Exploration of the Future.
World Future Society, Bethesda, ML, USA. ISBN 0-930242-57-2.

This book offers methods and techniques that can help to identify and
understand trends and to identify opportunities and avoid dangers.
Jerome C. Glenn, Theodore J. Gordon (2003): Futures Research
Methodology, v2.0. CD-ROM: 700 pages, American Council for the
UNU; 2003, ISBN-10: 097220511X, ISBN-13: 978-0972205115

millennium-project.org/
millennium/FRM-V3.
html
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A very good and comprehensive compilation of about 40 of the most important
methods for future research that came out of the UN Millennium Project.
Meanwhile there is version 3 available at millennium-project.org/millennium/
FRM-V3.html.
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7. Further resources and references (cont)
www.gbn.com/ideas/
scenarios.php
www.gbn.com/articles/
pdfs/gbn_Plotting%20
Scenarios%20new.pdf
www.well.com/~mb/
scenario_planning/

Peter Senge, C. Roberts, R.B. Ross, B.J. Smith, A. Kleiner (1994):
The Fifth Discipline Field Book: Strategies and Tools for Building a
Learning Organization. Currency Doubleday. ISBN0-385-47256-0
www.gbn.com/ideas/scenarios.php:

On the pages of the Global Business Network (GBN) you will find a lot of
information on the scenario method as well as on case studies, e.g.:
www.gbn.com/articles/pdfs/gbn_Plotting%20Scenarios%20new.pdf
www.well.com/~mb/scenario_planning/: Here you can find additional resources
that are helpful in organising a scenario approach.
Harald Hiessl (2005): Options for Sustainable Urban Water
Infrastructure Systems: The AKWA-2100 Scenarios. pp. 281-295
in: Korean Waterworks towards Globalization. The Institute for
Environmental Technology and Sustainable Development. Korean
University’s Centennial Celebration. Publication Series # 18, 2005;
ISBN 89-5708-069-4.

This is a short English description of the results of a German research project
carried out in 1999-2002 to identify sustainable urban water infrastructure
systems for two German cities based on scenarios. It also contains a description
of the AHP-approach to assess and rank scenarios in a group context.
Richard Pinkham, Scott Chaplin (1996): WATER 2010: Four Scenarios
for 21st Century Water Systems. Rocky Mountain Institute.
www.rmi.org/rmi/Library/W96-04_Water2010FourScenarios.
www.rmi.org/rmi/
Library/W96-04_
Water2010FourScenarios.

This report examines the challenges and uncertainties facing municipal water
systems in 1996 and presents hypothetical scenarios forecasting the state of
water in 2010.
Mahmoud, M., L. Yuqiong, H. Hartmann, S. Stewart, T. Wagener,
D. Semmens, R. Stewart, H. Gupta, D. Dominguez, F. Dominguez,
D. Hulse, R. Letcher, B. Rashleigh, C. Smith, R. Street, J. Ticehurst,
M. Twery, H. Van Delden, R. Waldick, D. White, and L. Winter,
2009. A formal framework for scenario development in support of
environmental decision-making. Environmental Modeling & Software
24: 798-808
Maack, J. N. (2001). Scenario analysis: a tool for task managers. Social
analysis: selected tools and techniques. Washington, D.C.: World Bank.

www.eea.europa.
eu/publications/
environmental_issue_
report_2001_24/issue_
report_no_24.pdf

© Smart water fund

Alcamo, J. (2001). Scenarios as tools for international environmental
assessments. Expert Corner Reports. European Environment Agency.
Retrieved from www.eea.europa.eu/publications/environmental_
issue_report_2001_24/issue_report_no_24.pdf
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Preface
This guide sheet forms part of a suite of documents to make up the
Planning for Resilient Water Systems framework, which comprises
four components:
1)	An assessment framework summary: an integrated overview of
the rationale for the framework and each of the steps and
activities that it comprises.
2) A process map: a clear and concise visual representation of the
seven steps and more than thirty activities that make up the
process of applying the assessment framework
3)	A process manual: a detailed guide to the why, what, how, and so
what of each activity within the process.
4)	A set of analytical method guide sheets: nine documents that
each explore and explain a key methodology for the necessary
analysis for both strategy and operational decisions that flow from
the framework.
The guide sheets provide detailed methodological advice to underpin
both the strategic planning process and operational decision-making
at a project level. The guide sheets fall into three logical groupings:
• Methods for assessing the performance of measures and/or portfolios of
measures in achieving the key performance criteria. These include Cost
Effectiveness Analysis, Cost Benefit Analysis, Problem Structuring
(MCDA), Resource Intensity (Life Cycle Analysis) and Monetisation.
• Methods for testing the assumptions used in the strategic analysis or
the project level analysis. Using Sensitivity Analysis, the sensitivity
of the outcome to changes in the assumptions can be assessed.
• Methods for assessing strategies that ensure flexible and robust
portfolios of measures in response to uncertain influences. These
methods (Scenario, Probability, and Decision Analysis) operate at a
strategic level only.
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1. Purpose and relevance
Probability Analysis (or Uncertainty Analysis) provides an explicit basis
for analysing and managing the diversity and robustness of portfolios
of measures subject to uncertainty by assigning probabilities to those
uncertainties. In so doing, plans for a broad range of possible futures
with minimised cost can be achieved. Diverse portfolios of measures
increase the robustness of the water supply system to sudden shocks
and unanticipated changes in the contextual parameters. By assigning
probabilities to the uncertainties, the analysis can systematically and
simultaneously consider a large number of uncertainties.
Probability Analysis can be applied at various levels – for the
performance of an individual measure, for portfolios or suites of
measures, and for different scenarios with suites of measures. As the
number and complexity of measures and scenarios increases, so too does
the complexity of analysis. The quality of the outcomes of probability
approaches is determined by the quality of the inputs and calibre of
the models. At the simple end of this spectrum lie well-established
techniques like Monte Carlo Analysis. At the more complex end of the
spectrum (multiple scenarios and portfolios) these methods are not well
established in practice for the water sector at this time, so the inputs and
models need careful consideration to avoid being questionable.

1.1 Expected Outcomes
The key expected outcomes from Probability Analysis are:
• Robust investment strategies to deal with a changing environment
• Value of each investment strategy in terms of financial viability
and feasibility
• Priority investment strategies based on a series of qualitative
and quantitative metrics
• Optimal value of investment strategies under certain conditions

1.2 b
 road relevance for water supply
and demand planning
Urban water supply systems operate in a changing environment
characterised by significant levels of uncertainty. Building in
robustness in the strategic decisions to sudden changes or shocks
(such as droughts or energy price spikes) is a means of managing the
tension between planning for a broad range of possible futures and
minimising stranded asset risk.
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2. Strengths and limits
2.1 Key Strengths

This analysis typically
reveals the benefits of
diversified portfolios.
Probabilities are
quantified explicitly,
enabling the
decision-making team
to simultaneously
and systematically
analyse a large number
of uncertainties.

The key strength of Probability Analysis with respect to more
‘deterministic’ assessment methods is that uncertainty is explicitly
analysed and managed. This analysis typically reveals the benefits
of diversified portfolios that are more resistant to variability and
fluctuations, resulting in lower costs for similar risk profiles.
The key strength of Probability Analysis with respect to its main
alternative, Scenario Analysis, is that probabilities are quantified
explicitly, enabling the decision-making team to simultaneously
and systematically analyse a large number of uncertainties in
combination on balanced terms.

2.2 Key limitations
Probability Analysis methods are associated with a significant
analytical complexity (and ultimately cost) that will not be justified
for all situations.
Rigorously eliciting and modeling probabilities for each significant
uncertainty can be laborious and expensive, often necessitating
shortcuts in probability elicitation, analysis and reporting.
Furthermore, it is often impractical or unsuitable to assign
quantitative probabilities to uncertainties characterised by a
significant normative dimension (e.g. land use policy) or high levels
of knowledge gaps, ambiguity, or novelty (e.g. climate change). It
is therefore useful to scrutinise uncertainties associated with key
underlying drivers using Scenario Analysis methods.
Probability Analysis stops short of actively managing the uncertainty
as new information becomes available using decision rules (as is the
case with Decision Analysis), and rather provides a stationary,
time-bound outcome, based on current information.
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3. Context
3.1 Preceding Methods
Probability methods are reliant on a sufficiently accurate model of the
system. As such they will be preceded by some combination of system
modeling methods.
Probability methods must also operate on a limited set of significant
uncertain parameters to be practically feasible. As such they will also be
preceded by a Sensitivity Analysis (see the relevant guide sheet).

3.2 Subsequent Methods
Probability methods alone do not account for the flexibility of water
systems to adapt strategies as circumstances arise. As such static
probability methods may be later elaborated into dynamic models
through e.g., Decision Analysis.
Furthermore probability methods do not typically provide sufficient
information or opportunity to deliberatively assess strategies and
will typically form a part of a broader strategic assessment process
(e.g., Multi-Criteria Analysis, Cost-Effectiveness Analysis, or
Cost-Benefit Analysis).

3.3 Alternative and complementary methods
The key alternative or complement to Probability Analysis is Scenario
Analysis. Where Probability Analysis applies quantitative probabilities
to assess the range of possible futures in combination, Scenario Analysis
compares and contrasts alternative futures individually and compares
their relative importance qualitatively. Scenario Analysis methods may
be applied toward assessing robustness subject to key alternative futures
without the analytical complexity and cost of Probability Analysis.
Furthermore, when used in combination with Probability Analysis
methods, Scenario Analysis may be usefully applied to ‘foreground’
uncertainties with a significant normative dimension or high level of
ignorance or surprise for more detailed qualitative assessment.

3.4 Combinations
In practice Probability Analysis is usefully combined with a suite of
complementary methods.
• Sensitivity Analysis methods may be usefully applied to refine a
limited set of significant uncertainties to be analysed;
• Scenario Analysis methods may be usefully applied to analyse
uncertainties for which quantitative probabilities are impractical or
inappropriate; and
• Decision Analysis methods may be usefully applied to analyse and
design for flexibility subject to shocks or surprises.
• Cost-Effectiveness Analysis, Cost-Benefit Analysis, and/or
Multi-Criteria Analysis may be applied to develop criteria to assist
with the optimisation process.
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4. Process (How)
4.1 Input requirements
A Probability Analysis is only as good as the system model on which it
is operating. As such, a sufficiently accurate system model is required
in the first instance.

The method also requires
uncertainties to be
quantitatively specified.

The method also requires uncertainties to be quantitatively specified.
As such the method requires a team of subject matter experts with
sufficient knowledge of the system.
Finally, the method requires a static model that facilitates probability
specification and analysis, either using probability trees or stochastic
simulation.

4.2 Method steps
1. Identify factors
Urban water system models often comprise hundreds of parameters,
making a detailed Probability Analysis of all parameters infeasible.
As such the first step involves conducting a Sensitivity Analysis to
identify those uncertain parameters that are likely to be significant
to the assessment objectives. Furthermore, Sensitivity Analysis is
useful to assist the analytical team in assessing which parameters are
worthy of detailed attention in the subsequent stage.
For further details on identifying sensitive parameters refer to the
Sensitivity Analysis Guide Sheet.
2. Specify uncertainties
The next step involves consulting subject matter experts with the
data or knowledge necessary to quantitatively specify the identified
uncertainties.
A range of approaches for eliciting probability distribution functions
have been offered, all stressing the importance of following a
systematic and transparent process. Though the steps and language
vary, the broad process is characterised below (Garthwaite, Kadane &
O’Hagan 2005):
i) Setup the process by selecting and training the expert
ii) 	Analyse and document the knowledge on which the
elicitation is based.
iii)	Analyse and document any interests the expert has vested
in the decision
iv) Train the expert in the interpretation and specification
of probability
v) Elicit summaries of the experts’ distributions
vi) Identify a distribution that may be competently assessed
and sufficiently characterises the expert’s understanding.
vii) Elicit parameters, typically the lowest probable, expected and
highest probable values, though additional parameters may
be required.
viii) Identify covariance between the elicited factor and all
other significant factors
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4. Process (How) (cont)
ix) Fit distributions to those summaries
x) Review the elicitation and revise if necessary
xi) Check internal consistency
xii) Check fitness for purpose

Specifying probability
distribution functions
using a probability tree.

3. Model uncertainties
The elicited probabilities must then be modeled to interpret their
combined impact on the objective criteria. This is achieved either
by specifying a ‘probability tree’ (for discrete probabilities) or by
specifying probability distribution functions and analysing their
combined affect on the objective criteria. If discrete probabilities
have been exclusively specified as a probability tree, this is readily
addressed using a simple form of Bayes theorem. If applying a
simulation process using continuous probabilities, this is typically
achieved using so-called ‘Markov Chain Monte Carlo methods’.
This falls outside the scope of this paper but a useful description of
these processes is included in the reference material. The result is
a histogram or cumulative frequency plot depicting the estimated
variability and uncertainty associated with all specified uncertainties.

4.3 Pitfalls

Though subjective
probability judgements
will never be ‘right’,
it is important to include
them as they will often
form the dominant
source of uncertainty in
uncertainty assessments.

© Smart water fund

A common pitfall when undertaking a Probability Analysis is
overcoming reservations of subject matter experts to assign subjective
probabilities when limited data is available. Though subjective
probability judgments will never be ‘right’, it is important to include
them as they will often form the dominant source of uncertainty in
uncertainty assessments. A failure to include subjective probabilities
will typically underestimate uncertainty and result in inappropriately
concentrated and vulnerable portfolios of measures.
Another common pitfall is failing to account for covariance among
uncertain parameters. Though a convenient shortcut for Probability
Analysis, this practice will underestimate the level of uncertainty
of an assessment, leading to inappropriately concentrated and
vulnerable option portfolios.
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5. Tools and case studies
5.1 tools
Probabilistic approaches can provide useful steps towards accounting
for correlated parameters, and of these Monte Carlo is the most
well-known tool.
A Monte Carlo simulation is a statistical model that generates random
numbers within a specified range to account for uncertainty in the
magnitude of effects, until a frequency distribution is generated.
The results are expressed as a range of possible outcomes with the
associated likelihood. Monte Carlo simulation is universally available
as commercial spreadsheet add-ins, such as:
• Crystal Ball (Oracle Software) – Excel based software for sensitivity
and Probability Analysis employing efficient Monte Carlo
simulation algorthms.
• @Risk (Palisade Software) – Excel based software for sensitivity
and Probability Analysis employing efficient Monte Carlo
simulation algorithms.
There are also comprehensive tools that bring together various
capabilities for dealing with uncertainty:
• Analytica (Lumina Decision Systems) – influence diagram based
software for system analysis, sensitivity analysis and Probability
Analysis employing an efficient convolution algorithm – ideally
suited for large simulations.
• Treeage – tree based software for sensitivity analysis, Probability
Analysis, conditional analysis and decision tree analysis
capabilities. The exclusive application of decision trees simplifies
the more advanced analytical capabilities (conditional analysis,
decision tree analysis), however this also precludes the analysis of
continuous probability distribution functions, leading to biases that
are difficult to analyse.
• DPL – tree based software for sensitivity, Probability Analysis,
conditional analysis and decision tree analysis capabilities. Similar
advantages and disadvantages to other decision tree tools.

5.2 case studies
Experience with Probability Analysis in a water planning context
has been predominantly limited to an academic audience at this
point in time.
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6. Further resources
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Preface
This guide sheet forms part of a suite of documents to make up the
Planning for Resilient Water Systems framework, which comprises
four components:
1)	An assessment framework summary: an integrated overview of
the rationale for the framework and each of the steps and
activities that it comprises.
2) A process map: a clear and concise visual representation of the
seven steps and more than thirty activities that make up the
process of applying the assessment framework
3)	A process manual: a detailed guide to the why, what, how, and so
what of each activity within the process.
4)	A set of analytical method guide sheets: nine documents that
each explore and explain a key methodology for the necessary
analysis for both strategy and operational decisions that flow from
the framework.
The guide sheets provide detailed methodological advice to underpin
both the strategic planning process and operational decision-making
at a project level. The guide sheets fall into three logical groupings:
• Methods for assessing the performance of measures and/or portfolios of
measures in achieving the key performance criteria. These include Cost
Effectiveness Analysis, Cost Benefit Analysis, Problem Structuring
(MCDA), Resource Intensity (Life Cycle Analysis) and Monetisation.
• Methods for testing the assumptions used in the strategic analysis or
the project level analysis. Using Sensitivity Analysis, the sensitivity
of the outcome to changes in the assumptions can be assessed.
• Methods for assessing strategies that ensure flexible and robust
portfolios of measures in response to uncertain influences. These
methods (Scenario, Probability, and Decision Analysis) operate at a
strategic level only.
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1. Purpose and relevance
Decision Analysis and Real Options methods incorporate a learning
model, where more informed strategic decisions are made as some
levels of uncertainty are resolved over time. Cost Effectiveness
Analysis in contrast considers a static investment decision,
and assumes that strategic decisions are initially made with no
opportunity to choose other options in future. The former implies a
dynamic decision-making process, whereas the latter implies a onetime decision-making process.
Rather than reacting to uncertainty and shocks, these methods
promote the active management of these uncertainties. They should
be considered as ongoing processes and not once off events with a
stationary outcome. The outcomes should be continually refined as
new information becomes available over time.

Analysing and managing
the flexibility of strategies
by assigning probabilities
to the uncertainty and
introducing decision rules.

Though some uncertainties can be managed using Scenario and/
or Probability Analysis to form diversified portfolios, developing
a sufficiently robust portfolio isn’t always feasible or effective,
necessitating a more flexible or adaptive strategy. Decision Analysis
and Real Options provide this explicit basis for analysing and
managing the flexibility and resilience of strategies subject to
uncertainty and surprise by assigning probabilities to the uncertainty
and introducing decision rules which are dependent on the state of
the system, e.g. dam levels.

1.1 Expected Outcomes
These methods are key in determining the:
• value of different investment strategies in an uncertain future
• priority investment strategies based on a series of qualitative and
quantitative metrics
• timing of the implementation of the investment strategies, and the
optimal triggers for investment.

1.2 b
 road relevance for water supply
and demand planning
Urban water systems exist in a dynamic environment characterised
by significant levels of uncertainty and surprise (due for example to
drought and floods, long term climate change, movements in energy
price or trends in water demand), allowing some flexibility in the
strategic decisions ensures tensions between planning for a broad range
of possible futures and minimising stranded asset risk can be managed.
However, Real Options and Decision Analysis processes are complex
and relatively unknown in the water industry. Further, the idea of
adopting flexible options may be considered unrealistic for many
utilities, due to the perception that changing investment strategies
after spending public money may be politically difficult.
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2. Strengths and limits
2.1 Key Strengths
The key strength of Decision Analysis and Real Options with
respect to more ‘passive’ assessment methods, including Scenario
andyProbability Analysis, is that flexibility or adaptive capacity can be
explicitly analysed and managed through agreed decision rules. This
analysis typically reveals the benefits of flexible, modular strategies
that are less exposed to shocks and surprise, resulting in lower costs for
similar risk profiles.

1 Contingency Analysis
employs different
qualitative assumptions
(associated with
probability) to describe
different scenarios, and
attempts to come up
with the most optimal
responses under the
circumstances.

The key strength of Decision Analysis and Real Options with respect
to its key alternative, Contingency Analysis1, is that probabilities and
decision rules are quantified explicitly, enabling the decision-makers
to simultaneously and systematically analyse and balance a larger
number of uncertainties and options in combination.

2.2 Key limitations
These methods require that probabilities be assigned to the
uncertainties, however where probability cannot be determined using
scientific methods, expert judgement can be used to estimate the
probabilities. The expert judgement may be biased and it should not
be left to only one person to assign the probabilities.
These methods are associated with a significant analytical complexity
and ultimately cost, which can leading to shortcuts in the application
and communication of the method and results. The complexity of the
process will often obscure bad decisions and unacceptable outcomes.
It is therefore useful to scrutinise, or ‘reality test’, these decision
analysis methods using Contingency Analysis.
Finally, owing to their computational complexity, Decision Analysis
methods can only analyse a limited number of uncertainties,
options, and time steps. Though this limitation may be reduced using
sensitivity testing and option screening, this limitation will preclude
its application to broad assessment studies.

Due to the complexity,
Decision Analysis methods
can only analyse a limited
number of uncertainties,
options and time steps.
2.3 D
 ifference between decision analysis
and real options

There are two schools of thought backing each of these approaches,
resulting in both a difference in style and how they define ‘value’ or
benefit. The key difference in style between these two methods, is that
Real Options use continuous-time stochastic processes and frequent
decision making and focus on dynamic complexity at the expense of
detail complexity. Whereas, Decision Analysis tends to consider the
details of cash flow models and many uncertainties, but not much in
the way of downstream dynamic decisions.
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In defining ‘value’, Decision Analysis has traditionally calculated
values from the perspective of the utility’s beliefs and preferences. In
Real Options, the definition of ‘value’ is taken to be the market value
of the asset, where this can be reasonably assessed. For example, a
treatment plant located in a small town will be valued by the utility at
its actual capital cost, however, its market value would be much lower
if it could be determined at all.
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3. Context
3.1 Preceding Methods
Decision Analysis and Real Options methods are reliant on a
sufficiently accurate model of the system being analysed as well as a
strong characterisation of the system uncertainty. They will therefore
need to be preceded by some combination of system modeling
methods and also Scenario and/oryProbability Analysis methods.

These methods will
typically be preceded
by Sensitivity Analysis
to identify the significant
uncertainties and
neglect others.

Decision trees are the most common form of analysis and the decision
tree will grow exponentially with the number of uncertainties –
making high dimensional problems analytically intractable. As such,
these methods will typically be preceded by Sensitivity Analysis to
identify the significant uncertainties and neglect others.
For similar reasons, these methods can typically only operate on a
limited set of measures. The method will typically be preceded by
a screening process (e.g. CEA, CBA, MCDA, Scenario Analysis) to
remove both the ‘no regrets’ measures and those that are obviously
too costly and/or risky.

3.2 Subsequent Methods
These methods alone do not provide sufficient information or
opportunity to deliberatively assess strategies and will typically be
followed by some form of strategic assessment process (e.g. MCDA,
CEA, or CBA).

3.3 Alternative and complementary methods
The key alternative or complementary method to Decision Analysis
and Real Options is Contingency Analysis. Where the first two methods
apply an optimisation procedure to explore all possible contingency
paths, Contingency Analysis explores each contingency individually
and assesses the most appropriate course of action qualitatively.
Contingency Analysis methods may be applied for initially assessing
flexibility subject to drought and other critical shocks without
the analytical complexity and cost of a comprehensive Decision
Analysis. Contingency methods may also be applied in combination
with Decision Analysis methods as a means for identifying critical
contingencies for more detailed quantitative assessment.

3.4 Combinations
In practice these methods are usefully combined with a suite of
complementary methods.
• Sensitivity Analysis methods may be usefully applied to refine a
limited set of significant uncertainties to be analysed;
• Scenario Analysis methods may be usefully applied to analyse
uncertainties for which quantitative probabilities are impractical or
inappropriate; andyProbability Analysis may be usefully applied to
analyse and design for those uncertainties that may be characterised
by quantitative probabilities.
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4. Process (How)
4.1 Input requirements
Clearly defined goals and strategies, together with a series of
uncertainties and decision rules need to be specified.
For each measure that passes the initial qualitative test, a cost
effectiveness model (NPV) should be built to serve as the base case.

4.2 Method steps
1) Identify significant uncertain parameters
Urban water system models often comprise hundreds of parameters,
making a detailed analysis of all the uncertain parameters infeasible.
As such the first step involves conducting a Sensitivity Analysis to
identify those uncertain parameters that are likely to be significant
to the assessment objectives. Furthermore, Sensitivity Analysis is
useful to assist the analytical team in assessing which parameters are
worthy of detailed attention in the subsequent stage.
2) Specify uncertainty probabilities
The next step involves consulting subject matter experts with the data
or knowledge necessary to quantitatively specify probabilities of the
identified uncertainties, following a systematic and transparent process.
3) Model uncertainties
Similar to the steps involved in Probability Analysis, the probabilities
must then be modeled to interpret their combined impact on the
objective criteria, using either a probability tree or by specifying
probability distribution functions and analysing their combined
affect. The result is a histogram or cumulative frequency plot
depicting the estimated variability and uncertainty associated with
all specified uncertainties (See the Probability Analysis guide sheet).
The time-dependent uncertainties should be ‘conditioned’ to account
for future information arising during the simulation period.

Introduce decision rules
using a decision tree.
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4) Specify the decisions
The next stage is to introduce decision opportunities/rules to the
analytical model, such as introduce a measure, abandon a measure,
etc. This is often achieved using a so-called ‘decision tree’. That is,
a probability tree to which decision junctures are added at future
time increments. More advanced simulations involving stochastic
simulation typically call for Markov decision process.
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4. Process (How) (cont)
Figure 1

Example of a decision tree
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30%

33%
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5) Analyse the response
The next stage is to undertake a simulation of the various uncertainties
affecting the decision, and the optimal decision paths to optimise the
objective function- typically expressed as maximising expected benefit
(Cost-Benefit Assessment) or minimising expected cost (Cost Effectiveness
Assessment). See the relevant guide sheets for further details.
The analytical algorithm is extremely iterative necessitating the
use of specialist analytical tools; however the fundamental logic is
relatively intuitive and is described below.
Having defined the decision tree and the system constraints, the
probability and benefit (or cost) of each path through the tree is calculated
from the present to the end of the study period, simultaneously ensuring
the system constraints are complied with. Depending on the number of
decisions and scenarios, the number of possible paths may be in the order
of hundreds to hundreds of thousands.

2 More specified decision
rules are also possible
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Based on the assumption that the path with the highest risk-weighted
benefit (or lowest risk-weighted cost) is taken at each decision point2, it
is then possible to trace back through each of those paths from the end
of the study period to the present. By tracing this path all the way back
to the current decision, the probabilistic range of optimal risk-weighted
paths for each alternative strategy may be identified and simulated.
The final revised probability distribution function for each alternative
therefore accounts for the relative flexibility embodied in each strategy.

Water Supply and demand investment Options Assessment Framework6

Decision Analysis & Real Options

4. Process (How) (cont)
Portfolio optimisation is the final step, since measures are in most
cases correlated with one another and viewing the measures in
isolation does not give a true picture. The analysis provides the
optimal allocation of investment across multiple measures.

4.3 Pitfalls
Similar to the pitfalls of Probability Analysis methods, a common pitfall
not allowing subject matter experts to assign subjective probabilities
when limited data is available. Though subjective probability judgments
will never be ‘right’, it is important to include them than not at all since
they will often form the dominant source of uncertainty. In addition,
failing to account for covariance among uncertain parameters,
underestimates the level of uncertainty of an assessment, leading to
inappropriately concentrated and vulnerable option portfolios.
A key pitfall specific to Decision Analysis and Real Options is failing
to account for the refinement of uncertainty subject to future
information or learning leading to a systematic undervaluation of
a ‘wait and see’ approach. This is typically addressed through the
application of probability conditioning methods or ‘Bayesian analysis’
(See Vose 2008)
A further pitfall when applying Decision Analysis methods occurs
when failing to include system constraints (e.g. critical supply levels)
in addition to optimisation criteria. Though financial investments
may exclusively apply a value maximisation rule, this practice may
result in unacceptable outcomes in water planning decisions.
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5. Tools
Such analyses are currently performed by linking a decision-tree
program such as DPL or Treeage to the forecasting model. Such
functionality could be readily integrated within a dedicated decision
support platform.
•T
 reeage – tree based software for Sensitivity Analysis, Probability
Analysis, Conditional Analysis and Contingency Analysis capabilities.
The exclusive application of decision trees simplifies the more advanced
analytical capabilities (conditional analysis, contingency analysis),
however this also precludes the analysis of continuous probability
distribution functions, leading to biases that are difficult to analyse.
• DPL – tree based software for sensitivity,y Probability Analysis,
Conditional Analysis and Contingency Analysis capabilities. Similar
advantages and disadvantages to other decision tree tools.
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6. Case studies
Experience with decision analysis in a water planning context has been
limited with most case studies applied in an academic context.
The WSAA Occational Paper No 20, provides a hypothetical case study to
demonstrate the potential benefit of a Real Options approach for urban
water supply planning in Australia.
Borison and Hamm (2008) provide a succinct case study covering the
broad process and justification for the process.
RamÌrez (2002) provides a more detailed case study in the city of Bogota.
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