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Introduction
The marine environment produces a wide range of ecosystem services, many 
of which may be affected by fisheries and aquaculture management, but are 
not routinely considered in management decision making. 
These may include cultural services such as recreational fishing, aesthetics and heritage values as well as 
supporting services for a range of marine species that are harvested commercially, either through wild caught 
fisheries or aquaculture, or are of conservation value to society in situ (e.g. seals, seabirds and dolphins).

There is increasing need for fisheries and aquaculture management to take account of the cumulative 
environmental, economic and social impacts of all human uses of marine resources. At an operational level, 
this shifts decision making beyond simple financial analysis, that accounts for the direct monetary effects of 
management decisions on industry, to consideration of an economic evaluation framework (e.g. cost-benefit 
analysis) that also captures the broader non-monetary impacts. Non-monetary impacts are captured by non-
market values which place a dollar value ($AUD) on environmental and social costs and benefits that are also 
incurred as a result of fisheries and aquaculture management, but do not have an explicit market price. 
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This document is aimed at fisheries and aquaculture managers and policy-makers and provides an 
introduction to:

 ▬ the role of cost-benefit analysis and non-market values in fisheries and aquaculture management 
decision making;

 ▬ when non-market valuation needs to be undertaken and examples as to how they could be applied; and
 ▬ obtaining appropriate non-market values.
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Realising the objectives of 
fisheries and aquaculture 
management
There has been a shift in focus within natural resources management, 
which is also reflected in fisheries and aquaculture management, from a 
purely commercial perspective to a broader social perspective reflecting the 
adoption of the principles of Ecologically Sustainable Development (ESD). 
Managers of marine resources need to be cognisant of the costs and benefits associated with potential impacts 
of fishing and aquaculture activities on the wider ecosystem and community including (i) environmental and 
ecosystem impacts (for example, water and habitat quality, carbon footprint and visual amenity) and (ii) 
recreational, cultural, and social impacts. Furthermore, they have to balance the competing uses and users of 
marine resources across both current and future generations. This can be addressed by ensuring that fisheries 
and aquaculture management decisions account for all benefits and costs associated with the utilisation of 
marine resources, thereby ensuring that total benefits to society are maximised. 

THE ROLE OF COST-BENEFIT ANALYSIS

Cost-benefit analysis (CBA) is an economic evaluation framework that quantitatively captures the broader costs 
and benefits of using ecosystem services and uses a standardised measure or numeraire (e.g. $AUD). This 
allows direct comparison between different management options.

CBA can be thought of as an extension of a financial analysis. A financial analysis only accounts for the direct 
dollar effects of management decisions on an industry, where market prices are the basis for valuing the policy 
and its impacts. For example, the impact of a regulation change on the aquaculture industry may reduce a farm’s 
output. The financial impact would be measured by the loss in farm profit (as determined by the market price of 
the farm’s output and cost of inputs used). CBA extends this analysis through the inclusion of the non-market 
costs and benefits on the wider community that also results from the regulation change. The wider impacts 
would need to be explicitly identified and valued as there would be no explicit dollar value for them (e.g. 
improved recreational experience of beach users). By including all relevant costs and benefits CBA provides an 
absolute measure of the dollar value of the total economic and social impact of a policy outcome. 

CBA is regularly used to choose between policy alternatives in natural resource management, health, education 
and transport. In fisheries and aquaculture decision making its use is less systematic, although it is mandated 
in certain States. The use of CBA to inform decisions about the management of marine resources aligns to the 
broader social perspective reflecting the principles of Ecologically Sustainable Development. 
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WHAT IS TOTAL ECONOMIC VALUE?

Using CBA, management decisions are informed by the concept of total economic value. Total economic value 
captures:

 ▬ use values (e.g. commercially and recreationally harvested fish); 
 ▬ non-use values (e.g. continued existence of an endangered species); and 
 ▬ option values (e.g. the benefits of not using a resource now, but maintaining the option to use it in the future)

Some use values are captured through market prices, for example commercial fishing and aquaculture. But other 
use values, such as the fish caught by a recreational fisher, do not have an explicit market price. These values, as 
well as non-use values, generally have to be estimated. Option values also exist within the marine environment. 
These are the benefits of not using a resource now, but maintaining the option to use it in the future. For example, 
currently underutilised and discarded species may have an option value if a more valuable use for that species 
can be derived in the future. Biodiversity also has an option value, as future uses for different species may 
emerge over time. 
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What are non-market values?
CBA and the non-market values that are used in CBA have their foundations 
in economics. 
It is well understood that market prices can be used to determine the economic gain or loss of a change. However, 
many ecosystem services provided by marine resources are not bought and sold in markets, but generate 
satisfaction or utility to individuals in the broader community. Examples include:

 ▬ recreational fishing (the experience);
 ▬ catch of an additional recreational fish;
 ▬ visual amenity of coastal areas; and
 ▬ continued existence of a species or habitat.

Non-market values capture the satisfaction or utility related to the use of these services and represent this as a 
monetary equivalent. 

Including both market and non-market values ensures that all relevant 
costs and benefits are included in the decision making process

Inclusion of non-market values in CBA effectively provides a “voice”, expressed as a monetary value, to impacts 
(i.e. the changes in the level of these services) that might otherwise be ignored. 

A relevant non-market cost or benefit that is not explicitly valued still effectively assumes a “value” in decision 
making. This may equate to zero if the cost or benefit is ignored, or be exaggerated through the influence of 
interest groups in the political process beyond its non-market value.
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Examples of the role of 
non-market values in fisheries 
and aquaculture management 
Marine resources provide a stream of goods and services, some of which are 
directly beneficial to humans. The demand for these goods and services is 
characterised by competing and often mutually exclusive uses by a diverse 
range of users.
For example, the marine environment provides supporting services for a wide range of species, affecting 
biodiversity. Some of these species may be incidentally caught and discarded by commercial fishers and/or 
recreational fishers, impacting their abundance and indirectly the species that are connected to them through the 
ecosystem. Intensive aquaculture developments in an area may impact biodiversity through, for example, habitat 
destruction and water pollution [1].

Other recreational uses (such as scuba diving) may also benefit from increased biodiversity, the benefits of which 
will also be affected by fishing and aquaculture.

Protecting biodiversity may mean restricting commercial and recreational fishing and aquaculture activity. 
Determining the balance of these activities requires an understanding of the non-market values of the change in 
biodiversity as well as the market values generated through their use. 

Ignoring non-market values in the management of marine resources 
can result in inefficient resource allocation and leave society worse off

Examples of the types of fisheries and aquaculture management decisions and the non-market values that could 
help inform these decisions are summarised in Table 1. Three typical management scenarios are then examined 
in more detail.  

Table 1. Typical Fisheries and Aquaculture Management Decisions and Non-market Values

Allocation Spatial Seasonal
Catch/

production
Who Where When How much

FISHERIES

Types 
of NMV 

that 
would be 
required

An individual fish to a recreational fisher

Fish to indigenous communities

Recreational fishing experience

Bycatch and discarding

Habitats affected by fishing

TEP species bycatch (e.g. dolphins)

AQUACULTURE
Amenity values (e.g. aesthetic value)

Changes in water quality

Habitats affected by aquaculture
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AQUACULTURE PRODUCTION AND IMPROVED BIOFOULING MANAGEMENT 

Sea-based aquaculture sometimes produces effluent that enters the marine environment directly affecting water 
quality, and potentially leading to adverse environmental impacts such as eutrophication and biodiversity loss. 
Management of effluent, such as the use of biofouling coatings and physical removal of biofouling from the nets, 
imposes costs on the industry. However, failure to undertake biofouling management incurs costs on the broader 
community through the loss of non-market value associated with reduced water quality (and the associated 
impacts on biodiversity). 

While there may be some benefits to the industry through improved fish health, most of the benefits associated 
with effective biofouling management accrue to the broader community through the reduced negative impacts. 

Determining the appropriate amount (or type) of biofouling management requires an understanding of the 
monetary costs to the industry as well as the non-monetary costs to the broader community of not undertaking 
management. 
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ALLOCATION DECISIONS AND THE VALUE OF A RECRE ATIONAL FISH

The need to develop specific allocations of fisheries resources between commercial and recreational fishers is 
increasingly becoming an issue in many Australian fisheries. 

From a societal perspective, any policy change that involves a reallocation of marine resources across competing 
uses should achieve an improvement in total net benefits to society. Following this argument, the question then 
becomes: will a reallocation generate additional benefits to the recreational sector that are larger than the 
additional costs to the commercial sector?

In order to do this, fisheries managers need to know the value of an additional fish caught by a commercial fisher 
and a recreational fisher. The former can be derived through market-based information, the latter requires non-
market value estimations. 

Without the non-market value of recreational fish catch, the allocation that provides the most net benefits to 
society cannot be determined. Further details on the optimal allocation process can be found in Edwards [2] and 
Plummer, Morrison and Steiner [3]. 

SPATI AL AND GE AR OP TIONS TO BAL ANCE ENVIRONMENTAL AND ECONOMIC OUTCOMES

A hypothetical scenario is presented where managers are confronted with a problem of dolphin bycatch. The 
current management results in six dolphin deaths a year. In this example, we assume that there are only two 
alternative management options that could be applied to reduce this problem. Option 1 involves a series of area 
closures that modelling suggests would reduce the bycatch of dolphins from six to three, but would also result in 
the bycatch of an additional three turtles. The cost to the industry of Option 1 is zero. Option 2 involves the use of 
area closures and new bycatch reduction technology which reduces bycatch of all species to zero, but results in 
an additional $1m a year in costs to the industry (Table 2). 

Table 2. Cost of Dolphin Bycatch Management Options

Options
Current 

management
1 2

Bycatch
Dolphins 6 3 0

Turtles 0 3 0

Costs 0 0 $1m

The key questions facing managers are: is it better to catch three turtles and save three dolphins; or is the benefit 
of saving all of these species to society (i.e. reduce bycatch to zero) worth more than the $1m additional cost 
imposed on the industry? From a societal perspective, if the value of saving six dolphins was more than the $1m 
additional cost to the industry, then Option 2 would be preferable to current management. Similarly, if the value 
of a turtle was less than the value of a dolphin (irrespective of the value of a dolphin), then Option 1 would also 
be preferable to current management. It may also be the case that current management is the most economically 
efficient outcome, depending on the relative and absolute values of the different species.

Without non-market values for the dolphins and turtles, the option that provides the most net benefits to society 
cannot be determined.

Without non-market values, the option that provides the most net 
benefits to society cannot be determined
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Where do non-market values 
come from?
Non-market values are estimated using data that have been collected for this 
purpose. 
Estimation of non-market values requires specialist skill and it is not expected that fisheries and aquaculture 
managers would derive these values themselves, but instead team up with an economic research group with the 
appropriate skills. However, a broad understanding of the types of estimation processes is useful for managers 
as different approaches have different pros and cons.

Non-market valuation methods are broadly classified into revealed preference and stated preference methods 
(Table 3).

Table 3. Non-market Valuation Methods

Revealed preference approaches Stated preferences approaches

Hedonic 
prices

Travel cost (and 
hedonic travel cost)

Contingent 
valuation

Choice 
experiment

Non-market valuation methods

RE VE ALED PREFERENCE METHODS

Revealed preference methods are based on observed behaviour and contain an element of market value in the 
derivation of the non-market values. They are restricted to the estimation of use values. These approaches 
include hedonic pricing and travel cost approaches. 

STATED PREFERENCE METHODS

Stated preference methods estimate willingness to pay for hypothetical changes in resource allocations 
presented in a survey in the form of alternative management options. The most prominent stated preference 
methods are contingent valuation and discrete choice experiments.

Estimation of non-market values requires primary data collection and a 
specific set of technical skills to derive the values. Best practice in non-
market valuation does not come cheap
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Benefit transfer
Benefit transfer involves the use of existing non-market values and adjusting 
these values as necessary for use in fisheries and aquaculture decision making. 
Whilst benefit transfer sounds intuitive and simple, it: 

 ▬ requires the existence of technically competent source studies (also referred to as primary studies) that have 
estimated non-market values for relevant benefits/costs in contexts where biophysical conditions, type and 
scale of the change and population characteristics are similar; and 

 ▬ involves rigorous statistical techniques to adjust for any differences between the settings in which the values 
were originally estimated and the one in which they are going to be used.

Benefit transfer are generally evaluated in terms of validity and reliability. 

Best practise in benefit transfer can provide a cost-effective approach to 
deriving non-market values without requiring direct value estimation 

WHERE CAN WE FIND VALUES FOR BENEFIT TR ANSFER?

There are a number of free to access online databases in the area of environmental valuation. A key objective of 
these databases is to broaden access to valuation studies and facilitate the use of existing non-market values in 
decision making through benefit transfer. These are international databases that include some Australian non-
market valuation studies, but these are generally limited in number. These databases are constantly evolving, 
and will include future Australian case studies as they are undertaken.

The Environmental Valuation Reference Inventory (EVRI) is the most comprehensive searchable online database 
of environmental valuation studies developed by Environment and Climate Change Canada in collaboration with 
international valuation experts and organisations. EVRI is now the largest database of its kind. While broader 
than marine based values it contains relatively up to date studies from Australia and elsewhere. 

Unreliable & Invalid Unreliable, But Valid

Both Reliable & ValidReliable, Not Valid
Adapted from Diman [4]

Validity can be largely viewed as a measurement error problem 
resulting from systematic errors in the underlying source study 
estimates.

Reliability occurs when the generalization error is small (transfer 
is accurate). 

The effects of unreliable and invalid estimation of the non-
market value using benefit transfer is illustrated in Figure 1.

In practice, most cases of benefit transfer involve variations 
between sites, populations, context and scale. Combined with the 
possibility of unrepresentative or unreliable source studies, the 
potential for invalid and unreliable benefit transfers can be large. 

Benefit transfer does have to be approached with care. There are 
a number of common pit-falls with using values from different 
studies. As with the estimation of non-market values, benefit 
transfer requires specialist expertise, and again managers should 
team up with an economics research group with the appropriate 
skills to do this.

Figure 1. Reliability and Validity
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How to know when to estimate 
non-market values? 
The reality is that estimation of non-market values is not costless. Benefit 
transfer offers a less expensive alternative to estimating non-market values 
but is not always feasible. 
The flow chart (Figure 2) provides guidance with respect to whether non-market values would be appropriate for 
the management options under consideration, and if so, whether to estimate primary values or use benefit transfer.

To illustrate how the flow chart works, we will re-examine the earlier example where managers of a fishery were 
confronted with a problem of dolphin bycatch. 

To recap, the current management strategy results in six dolphin deaths a year. There were two alternative 
management options to reduce this problem. Option 1 involved a series of area closures that modelling suggests 
would reduce the bycatch of dolphins from six to three, but would also result in the bycatch of an additional 
three turtles. Option 2 involved the use of spatial closures and new bycatch reduction technology which reduces 
bycatch of all species to zero, but adds an additional $1m a year in costs to the industry. 

Starting at Box 1, it has been determined that non-market values for averting dolphin and turtle bycatch are likely 
to influence the choice of management options and the likely non-market outcomes of management options have 
all been described as rigorously as is feasible (Box 2a). The cost of deriving non-market values for dolphins and 
turtles is not known without going out to tender (Box 3a). Therefore, the decision is taken to research if there are 
suitable non-market studies available to support benefit transfer (Box 4b). A review finds no suitable studies to 
support benefit transfer. The decision is now to reconsider conducting a primary study to estimate appropriate 
non-market values for dolphin and turtle bycatch (Box 5b). 

Have the likely non-market outcomes 
of  the managment options been 

described as rigorously as is feasible?

 Are non-market outcomes 
likely to influence the choice of 

management  option?

Ensure that all non-market 
outcomes (including low chance of 

occurence or low impact) are 
qualitatively described as part of a 

partially quantified cost benefit analysis

Seek further information on non-market 
outcomes before proceeding 

Is the cost of deriving the relevant 
non-market values small  relative to 
cost of choosing the wrong option?

Are suitable non-market  studies 
available (source studies) to support 

benefit transfer? 

Conduct a non-market valuation study 
as part of the economic evaluation

Re-consider conducting a 
non-market valuation study as part 

of the economic evaluation

Use benefit transfer as part of an 
economic evaluation

1

2a 2b

3b3a

4b4a

5b5a

YES NO

YES NO

YES NO

YES NO

Adapted from Baker 
and Ruting [5]

Figure 2. Estimate or Borrow Non-market Values?
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IS NON-MARKET VALUATION ALWAYS REQUIRED IN FISHERIES AND AQUACULTURE DECISION 
MAKING THAT IMPACTS MARINE ECOSY TEMS?

When decision making impacts marine ecosystems both market (financial values) and non-market values 
need to be explicitly considered. However, this does not necessarily always require non-market valuation to be 
undertaken. 

Non-market values are required when the impacts affect the policy outcome. In some cases, there may be 
alternatives that remove the need to consider non-market values. For example, an aquaculture company plans to 
establish an aquaculture farm in a recreational area popular with locals.

Let’s assume an environmental impact analysis suggests that once in operation, the farm would reduce the water 
quality in the estuary and the nearby beaches. Additionally, the farm operation would produce significant noise 
levels. Both, the reduced water quality and the noise would diminish the recreational experience from visiting 
the estuary and beaches. The farm should only be established if the expected commercial net benefits generated 
through the farm outweigh the non-market costs associated with the diminished recreational opportunities 
(a social cost). However, an alternative site may maintain the commercial benefits of the farm without any 
significant impact on recreational experience. In this case, further viable site options should be rigorously 
investigated prior to conducting any further analysis. 

This example highlights the importance of considering all feasible options prior to undertaking non-market 
valuation.
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Other approaches compared to 
cost-benefit analysis
Expenditure studies, well-being studies, triple bottom line approaches 
(TBL), multi-criteria decision analysis (MCDA) and CBA are all approaches 
used in the management of fisheries and aquaculture to capture the broader 
societal perspective of Ecologically Sustainable Development. 
Prima facie there is some degree of overlap between each of these approaches. However, each approach informs 
a different element of fisheries and aquaculture management objectives (Table 4) and should be considered 
complementary rather than substitutable in the decision making process. 

Table 4. How Fisheries and Aquaculture Management Objectives are Informed

Expenditure  
Study

Well-being 
study TBL MCDA CBA

Contribution to regional income & 
employment

Social outcomes and impacts to regional 
communities & industry

Articulation of economic, social & 
environmental impacts

Assesses explicit tradeoff between policy 
alternatives 

Ranks policy alternatives

Absolute measure of policy outcomes in $

Recreational fishing expenditure surveys, commercial fishing expenditure studies and well-being studies to date 
have focused on identifying and measuring the impacts (both direct and indirect) of utilising marine ecosystem 
services and the contribution of the different sectors to local communities. 

The triple bottom line (TBL) approach is the general framework used to assess policy outcomes against 
economic, social, and environmental dimensions. TBL requires articulation of impacts in each of these 
dimensions, which are then individually assessed. However, optimal decisions require the trade-off between 
these dimensions to be considered. Approaches that explicitly assess trade-offs between different components 
of the triple bottom line fall into two “camps” – multi-criteria decision analysis (MCDA) and CBA.

MCDA supports decision making through assessing stakeholder preferences for different outcomes of 
management options and provides an explicit and relative ranking of different policy outcomes. With MCDA, 
many impacts are assessed semi-quantitatively through expert opinion, allowing measures that are often 
not commensurate to be combined in a common framework (e.g. social impacts as well as economic and 
environmental). Whilst MCDA can identify which option is most preferred, it does not identify if the benefits 
exceed the cost of the preferred option.

In contrast, CBA when conducted appropriately, captures all use and non-use values, ensures transparency as 
to the costs and benefits of different management options and provides a measure of the total economic value of 
the use of ecosystem services. From this, the optimal allocation of the marine resource for the whole of society 
can be determined. 
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Summary
The use of non-market valuation is not unique to fisheries and aquaculture 
management decision making and is used to inform decision making across 
a range of policy areas in natural resource management including water 
resources, forestry, national park management and coastal management.
To date, non-market valuation has not been used widely in management decision making and policy analysis in 
Australian fisheries and aquaculture. Whilst some attention has been focused on the estimation of non-market 
values of recreational fishing, only limited attempts to date have been made to use these values in supporting 
management decision making. Many other key non-market values have not been quantified, and their use in 
fisheries and aquaculture management has not been fully explored. 

Estimation of non-market values can require additional primary research. When done poorly, this can undermine 
the scientific rigour of decisions and reporting, weakening trust in practitioners and users of non-market values 
and in decision making. 

In some cases, existing values can be used but this requires caution as poor benefit transfer practice can lead 
to inappropriate decisions being made. In addition to issues of identifying relevant source studies that are 
methodologically rigorous, the use of older studies can also be problematic. Non-market values are likely to 
change over time and should be used with caution.

Further details on all of the issues discussed above can be found in the full project report [6].
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Other resources on the use of non-market valuation
For those seeking to extend their knowledge in this area, the following 
resources, whilst not necessarily specific to fisheries and aquaculture 
management in Australia, are a good place to start.
Baker, R., & Ruting, B. (2014). Environmental policy analysis: A guide to non‑market valuation. Productivity 
Commission Staff Working Paper. Canberra, Australia.  

Clough, P., & Bealing, M. (2018). What’s the use of non‑use values? Non‑Use Values and the Investment 
Statement. NZ Institute of Economic Research. Wellington, NZ. 

National Ocean Economics Program (NOEP). (2012). Environmental and recreational (non‑market) values. 
Center for the Blue Economy, Middlebury Institute of International Studies at Monterey.
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