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Executive summary 

Marsden Jacob Associates was engaged by the NSW Department of Climate 

Change, Energy, the Environment and Water (NSW DCCEEW) to develop robust 

and evidence-based estimates of the non-market, non-consumptive economic 

value of the outcomes of the Water Sharing Plan (WSP) rules changes proposed 

by the independent Connectivity Expert Panel. 

NSW DCCEEW is seeking to understand the non-market non-consumptive economic values 

associated with the proposed rule changes and the broader benefits they provide to local and 

regional communities. This is in the context of assessing the Connectivity Expert Panel’s (the Panel’s) 

proposed water sharing plan rules to improve connectivity outcomes in the Barwon-Darling. Table 1 

outlines the scenarios that have been modelled that could result in the implementation of the 

Panel’s recommendations.  

Table 1: Scenarios modelled (DCCEEW, 2025) 

Panel’s recommendation Scenarios modelled 

Modelled base case  A representation of the current conditions and water sharing plan 

rules. It includes any policies or initiatives that are agreed or in the 

process of being implemented. It is used as the comparison point 

for modelled scenarios.  

Extend the resumption of flow rule to 

all northern valleys  

Access to upstream supplementary, unregulated, floodplain 

harvesting, Barwon-Darling A/B/C class licences would be 

restricted until lifting triggers at Barwon-Darling locations are 

forecast to be met.  

The extended resumption of flow approach modelled uses the 

three new trigger sites at Mungindi, Collarenebri, and Louth as 

proposed by the Panel in addition to the trigger locations specified 

in the Barwon-Darling Water Sharing Plan (Walgett, Brewarrina, 

Bourke, Wilcannia) 

Restrictions were applied to the Border Rivers, Gwydir, Namoi, 

and Macquarie regulated valleys and the Barwon-Darling. 
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Set an end of system flow target in 

regulated valleys 
 

Implementation of end of system flow targets, equivalent to the 

base flows environmental watering requirement for the NSW 

Border Rivers, Gwydir, and Namoi regulated rivers. The end of 

system target would be met by first restricting access to 

supplementary1 and floodplain harvesting licences and then 

making dam releases if required. 

Two approaches for making dam releases to meet the end of 

system target were modelled:  

• end of system - high security account: dam releases were 
made from a new high security account.  Under this approach, 
the end of system targets are always met during non-dry 
times. But it has a high impact on diversions. 

• end of system - translucency: a proportion of the daily dam 
inflow is released to meet the end of system target. The 
amount released is capped by dam inflows, meaning the end 
of system target will not always be met in non-dry times.  

For both approaches releases were not made in periods where the 

rolling 30-day average dam inflows fell below the 75th percentile 

(the dry inflow trigger).  

Establish a connectivity environmental 

water allowance 
 

Established high security account for a connectivity environmental 

water allowance (connectivity EWA) in Border Rivers, Gwydir and 

Namoi regulated water sharing plans.  Two approaches for making 

dam releases were modelled  

• connectivity EWA – dam inflow trigger: dam releases 
triggered by dam inflows being below the dry inflow trigger 
(below 75th percentile for 30 days).    

• connectivity EWA – Bourke flow trigger: dam releases 
triggered by flows at Bourke being below base flow (450 ML/d) 
for 120 days. 

Combination 
 

Provides an example of the potential benefits and impacts if some 

of the Panel’s rules were implemented together. The scenarios 

included in the combination run are ‘extended resumption of 

flow’, ‘end of systems – translucency’, and ‘connectivity EWA – 

Bourke flow trigger’. 

 

1 Water sharing plans already contain rules to restrict supplementary access that largely provide for the end of system flow targets to be met. No 

additional restrictions to supplementary access were modelled 
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Approach 

Generally speaking, economic valuation involves measuring the value of goods and services in 

monetary terms. The economic value of a good or service is measured by what the general public, 

such as consumers, producers or governments, are willing to pay to have the good or service 

provided, or equivalently, how much consumers, producers or governments would need to be 

compensated to forego the good or service.  

Robust evidence indicates that healthy waterways generate high economic value for Australian and 

global communities [1-3] and surveys have revealed a willingness among Australians to invest in 

improving and maintaining healthy waterway conditions.  

Marsden Jacob’s primary approach to capturing the value of waterway conditions in NSW is the 

discrete choice experiment (DCE) method set out in Section 2.1.2. To provide corroborating evidence,  

and triangulate results given the inherent uncertainty in non-market valuation, a complementary 

meta-analysis approach was also applied, as described in Section 2.1.3. In both valuation methods 

applied, we have sought to use robust and transparent approaches to reflect the economic value of 

waterway condition and recreation at waterways to NSW communities rather than overstate them.  

Box 1: Understanding non-market and non-consumptive values of water  

 Economic values are the value placed on goods and services measured in monetary 

terms. In simple terms, the economic value of a good or service is measured by what 

consumers are willing to pay to have the good or service provided as a benefit, or 

similarly, how much money they would need to be compensated to forego the good or 

service. 

 Non-market based economic values are the benefits that people derive from goods and 

services that are not bought or sold in traditional markets. These values are often 

associated with public goods, natural resources, ecosystems, and cultural heritage, 

where there is no direct monetary transaction to determine their value. Non-market 

values capture the importance of these goods and services to individuals and society 

beyond their market price.   

  

Consumptive water use diminishes water available for other uses at the point of 

appropriation. For example, when water is used in industrial production or by 

households some or all of this water is removed from water available for future use. 

 Non-consumptive water use does not diminish water available for other uses at the 

point of appropriation. Additionally, when water is diverted and returned immediately 

to the source at the point of diversion following its use in the same quantity as diverted 

and meets water quality standards for the source, this water use is also classified as non-

consumptive.  For example, recreational boating is a non-consumptive use of water that 

provides benefit to the boater. 
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The non-market value estimates in this report are subject to uncertainty and several technical 

constraints. These limit how the value estimates should be understood and applied by policymakers. 

Section 2.5 summarises key limitations and implications for policy makers. 

Headline estimates 

Our economic value analyses highlight that the Panel’s proposed rules would generate considerable 

non-market, non-consumptive economic value for NSW communities across all project options 

assessed.  

Marsden Jacob used the DCE as the primary valuation method, corroborated by assessing the results 

of a meta-analysis, to estimate NSW households’ non-market value for improvements to the Barwon-

Darling River and its major tributaries. Both methods use results from the Ecological Assessment 

Technical Advisory Panel (TAP). The meta-analysis also relies on the River Condition Index and River 

Styles datasets, described in further detail below.2 

The meta-analysis was applied as a means of corroborating the results, due to the inherent 

uncertainty in this type of assessment. This corroborating analysis used a Base Case as the 

comparison point for the modelled scenarios, which is a representation of the current conditions and 

water sharing plan rules as outlined in Table 1.  

While each of the methods and datasets have limitations, taken together they demonstrate that the 

Panel’s proposed rules are likely to generate considerable non-market benefits across all scenario 

options assessed.  

40-year present value and 40-year annuity values 

At DCCEEW’s request, the one-off non-market values were converted to 40-year present values (PV). 

The 40-year PVs and the equivalent 40-year annuity ($/yr) values for the DCE results are presented in 

Table 2. 

 

2 The following limitation is specifically noted, in addition to those in Section 2.5.  It is based on advice from NSW DCCEEW, Water Group, 

Ecological Processes. 

For this study, the NSW River Styles (2010) condition scores have been used to constrain the length of river expected to respond to flow 
interventions, focusing on reaches identified as being in poor or moderate condition. River Styles is one of the few datasets that identifies stream 
condition by length; however, the approach has several key limitations: 

•The River Styles (2010) dataset was applied inconsistently across catchments, reflecting the variable availability of information at the time of 
assessment. 

•Geomorphic condition has some relationship with ecological patterns and processes, but these links are indirect and not empirically defined. As 
such, River Styles condition scores do not necessarily reflect ecological condition. 

•The condition scores represent geomorphic condition at the time of assessment and do not account for the potential for improvement. Some 
geomorphic changes occur over long timescales and may be effectively permanent within the timeframe of short-term studies. 

In the future this assessment could be improved by: 

1. Using updated River Styles datasets where methods have been applied more consistently and with improved data; 

2. Incorporating ‘geomorphic recovery potential’, which is also available as a River Styles data product; 

3. Applying a more appropriate ecological benchmark developed through ecological monitoring or ecohydrological modelling. 
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The 40-year PV was derived by interpreting the one-off non-market values from the DCE 

methodology as representing the willingness to pay for households over a 100-year (long-term) 

horizon, then applying a 5% discount rate and truncating the value stream at 40 years.  

To express an equivalent annual value, the 40-year PV was converted into an annualised amount. If 

the annualised amount is received each year for 40 years and discounted at 5%, it would yield the 

same PV as the 40-year total shown in column 2 of Table 2.  

Table 2: 40-year PV and annuity values of improvements in waterway condition of the Barwon-

Darling River and its tributaries (combined), DCE method, central case 

Scenario 40-year PV Equivalent annual 

value ($/yr) 

Extended resumption of flow  $315,300,000  $17,360,000 

End of system – high security accounts   $427,300,000  $23,530,000 

End of system - translucency   $355,200,000  $19,560,000 

Connectivity EWA – dam inflow trigger  $297,000,000  $16,360,000 

Connectivity EWA – Bourke flow trigger   $297,900,000  $16,410,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke)  $354,300,000  $19,510,000 
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The figures presented in this report reflect the change in total non-market economic value 

converted to a 40-year PV, relative to the current baseline condition including any policies or 

initiatives that are agreed or in the process of being implemented. Specifically, this study 

calculates the economic impact of changes in northern Basin waterway conditions for the 

Barwon-Darling River and its major tributaries combined, unless specified that they are 

reported separately (such as in Table 20 and Table 21). 

Key points are: 

• The NBC project is expected to improve waterway condition and generate additional 

non-market economic benefits by enhancing waterway connectivity. The non-market 

values are estimated to range, on a 40-year PV basis, from $297.9 million (connectivity 

EWA – Bourke flow trigger) to $427.3 million (end of system – high security accounts).  

• The highest performing approach is the end of system - high security accounts at 

$427.3 million and with estimated lower and upper bounds of $334.9 million and 

$519.7 million. 

• The estimates are based on the TAP’s assessment of waterway improvements arising 

from the proposed water sharing plan rule changes. They range from 1.3% to 4.0% 

improvement depending on the option.  

It is important to note that while these figures are substantial, even without the NBC project 

and even if they are degraded, waterways have an economic value in their current condition. 

Based on the corroborating evidence outlined below, the current condition of the Barwon-

Darling River and its tributaries (total waterways) is estimated to be valued at between $7.6 

and $17.4 billion. 
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Table 3: 40-year PV, non-market value that NSW households would place on improvements in waterway condition of the Barwon-Darling River and its 

tributaries (combined), DCE method results presented as central, upper and lower bound estimates. 

Scenario Discrete Choice Experiment (DCE) 
  

Upper bound  Central case Lower bound 

Extended resumption of flow) $407,800,000  $315,300,000  $222,900,000 

End of system – high security accounts  $519,700,000  $427,300,000  $334,900,000 

End of system - translucency  $447,700,000  $355,200,000  $262,800,000 

Connectivity EWA – dam inflow trigger $389,500,000  $297,000,000  $204,500,000 

Connectivity EWA – Bourke flow trigger  $390,400,000  $297,900,000  $205,500,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke) $446,800,000  $354,300,000  $261,800,000 
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Table 4: Annual equivalent non-market value that NSW households would place on improvements in waterway condition of the Barwon-Darling River 

and its tributaries (combined), DCE method results presented as central, upper and lower bound estimates. 

Scenario Discrete Choice Experiment (DCE) 
  

Upper bound  Central case Lower bound 

Extended resumption of flow) $22,460,000 $17,360,000 $12,270,000 

End of system – high security accounts  $28,620,000 $23,530,000 $18,440,000 

End of system - translucency  $24,650,000 $19,560,000 $14,440,000 

Connectivity EWA – dam inflow trigger $21,450,000 $16,360,000 $11,260,000 

Connectivity EWA – Bourke flow trigger  $21,500,000 $16,410,000 $11,320,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke) $24,600,000 $19,510,000 $14,420,000 

 

The assumptions underpinning the upper and lower bound estimate ranges and the central case are discussed further in Section 2.
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1. Introduction  

NSW DCCEEW is seeking to understand the non-market non-consumptive 

economic values of improvements in river flows in the Barwon-Darling and its 

major tributaries, and the broader benefits they provide to local and regional 

communities in the context of changing the water sharing rules to establish a 

connectivity environmental water allowance. 

1.1 Project objectives and scope 

This project assesses the non-market non-consumptive economic values of improvements in river 

flows in the Barwon-Darling and its major tributaries including relevant segments of the Macintyre 

River, Gwydir River, and the Namoi River, and the broader benefits they provide to local and regional 

communities. 

Specifically, DCCEEW is seeking to understand the non-market non-consumptive economic values 

generated if the rules proposed by the Connectivity Expert Panel (the Panel) are implemented to 

achieve the targets and triggers that: 

1. During non-dry times – ensure that baseflow is protected across the Northern Basin and provide 

for base flow, small and large freshes in the Barwon-Darling River consistent with the 

environmental water requirements outlined in the relevant long term water plans. Baseflows 

should be achieved through minimum daily flow rules at the end of systems, floodplain 

harvesting access restrictions when supplementary take is not allowed, and dam releases where 

necessary to achieve the end of system flows. 

2. During dry times – extend the current resumption of flow rules into the Northern Basin 

tributaries and provide for a small flushing flow following an extended dry period along the 

Barwon-Darling and all the way to Menindee Lakes prior to allowing extraction. Baseflow end of 

system flow targets would remain in place and be met to the extent possible with uncontrolled 

flows, but dam releases to meet these targets would be suspended. 

3. Establish a suite of rules to improve connectivity, including an environmental water allowance - 

in the Gwydir, Namoi and Border Rivers regulated WSPs to provide for replenishment flows 

during dry times to maintain system health and water quality, following additional analysis of 

volume needs, benefits and impacts. 

The department has completed the following hydrologic modelling outlined in Table 5: Scenario 

options modelled (DCCEEW, 2025) to assess scenarios that could result in the implementation of the 

Panel’s recommendations.  
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Table 5: Scenario options modelled (DCCEEW, 2025) 

Panel’s recommendation Scenarios modelled 

Modelled base case  A representation of the current conditions and water sharing plan rules. It includes 

any policies or initiatives that are agreed or in the process of being implemented. It 

is used as the comparison point for modelled scenarios.  

Extend the resumption 

of flow rule to all 

northern valleys  

Access to upstream supplementary, unregulated, floodplain harvesting, Barwon-

Darling A/B/C class licences would be restricted until lifting triggers at Barwon-

Darling locations are forecast to be met.  

The extended resumption of flow approach modelled uses the three new trigger 

sites at Mungindi, Collarenebri, and Louth as proposed by the Panel in addition to 

the trigger locations specified in the Barwon-Darling Water Sharing Plan (Walgett, 

Brewarrina, Bourke, Wilcannia) 

Restrictions were applied to the Border Rivers, Gwydir, Namoi, and Macquarie 

regulated valleys and the Barwon-Darling. 

Set an end of system 

flow target in regulated 

valleys 
 

Implementation of end of system flow targets, equivalent to the base flows 

environmental watering requirement for the NSW Border Rivers, Gwydir, and 

Namoi regulated rivers. The end of system target would be met by first restricting 

access to supplementary3 and floodplain harvesting licences and then making dam 

releases if required. 

Two approaches for making dam releases to meet the end of system target were 

modelled:  

• end of system - high security account: dam releases were made from a new high 
security account.  Under this approach, the end of system targets are always met during 
non-dry times. But it has a high impact on diversions. 

• end of system - translucency : a proportion of the daily dam inflow is released to meet 
the end of system target. The amount released is capped by dam inflows, meaning the 
end of system target will not always be met in non-dry times.  

For both approaches releases were not made in periods where the rolling 30-day 

average dam inflows fell below the 75th percentile (the dry inflow trigger).  

Establish a connectivity 

environmental water 

allowance 
 

Established high security account for a connectivity environmental water 

allowance in Border Rivers, Gwydir and Namoi regulated water sharing plans.  Two 

approaches for making dam releases were modelled  

• connectivity EWA – dam inflow trigger: dam releases triggered by dam inflows being 
below the dry inflow trigger (below 75th percentile for 30 days).    

• connectivity EWA – Bourke flow trigger: dam releases triggered by flows at 
Bourke being below base flow (450 ML/d) for 120 days. 

 

3 Water sharing plans already contain rules to restrict supplementary access that largely provide for the end of system flow targets to be met. No 

additional restrictions to supplementary access were modelled 
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Combination 
 

Provides an example of the potential benefits and impacts if some of the Panel’s 

rules were implemented together. The scenarios included in the combination run 

are extended resumption of flow, end of systems – translucency , and connectivity 

EWA – Bourke flow trigger. 

1.2 Estimating non-market non-consumptive economic values of 
improvements in river flows 

The following key government frameworks and reports emphasize the role and importance of non-

market valuation to support public investment and decision making, and establish the logic for 

estimating the non-market, non-consumptive economic values of improvements in river flows in 

NSW as part of evaluating water sharing rule proposals.  

The NSW Government Guide to Cost-Benefit Analysis (TPG23-08)  

This guide states that all significant benefits should be valued in NSW Government cost-benefit 

analyses, that valuations should be based on best available evidence, and that effort devoted to 

collecting evidence should be proportional to the significance of the cost or benefit stream – 

including market and non-market valuation as needed to best evidence the investment case.  

The guide acknowledges valuation evidence for non-market benefits may not be definitive and 

researchers may need to use judgement to reach a transparent and defensible conclusion. In these 

cases, a reasonable ‘margin of error’ around the non-market valuation should be tested through a 

sensitivity analysis, and reporting should clearly communicate key risks and uncertainties in the final 

results stemming from the valuation.  

The NSW Government Guide to Cost-Benefit Analysis is one of a suite of tools referenced by the 

Centre for Economic Evidence Tools and resources4 available from the NSW Government.  

The NSW Framework for Valuing Green Infrastructure and Public Spaces  

This framework provides detailed guidance to support practitioners undertaking cost-benefit analysis 

of projects, programs and policies relating to green infrastructure and public space and includes a 

comprehensive summary of approaches and values for blue and green infrastructure, including 

(urban) waterway condition. 

The case for valuing environmental benefits of investments and policies varies according to 

circumstances. The case for using monetised environmental economic value estimates is strongest 

when [4]: 

 

4 https://www.nsw.gov.au/nsw-government/public-sector/financial-information-for-public-entities/centre-for-economic-evidence/tools-

resources  

https://www.treasury.nsw.gov.au/sites/default/files/2023-04/tpg23-08_nsw-government-guide-to-cost-benefit-analysis_202304.pdf
https://www.planning.nsw.gov.au/sites/default/files/2023-10/framework-valuing-green-infrastructure-public-spaces.pdf
https://www.nsw.gov.au/nsw-government/public-sector/financial-information-for-public-entities/centre-for-economic-evidence/tools-resources
https://www.nsw.gov.au/nsw-government/public-sector/financial-information-for-public-entities/centre-for-economic-evidence/tools-resources
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• The environmental benefit being created, or lost, is the driver and a main outcome or impact of 

the project – for example enhanced benefits associated with waterway management and 

protection activities. 

• There is a clear way to attribute the impacts of the investment, policy or activity on the 

monetised environmental outcome being valued. 

Monetising environmental impacts and outcomes in these types of situations, while sometimes 

contentious, will typically help with making trade-offs and decisions in a more considered, 

transparent, and defensible way. If these benefits cannot be monetised, the framework recommends 

that they should be quantified or discussed qualitatively as part of the CBA.  

Wianamatta-South Creek cost-benefit analysis methodology (commercial-in-confidence, 

prepared by the Centre for International Economics for the NSW Department of Planning, 

Industry and Environment, March 2021) 

This report uses non-market valuation to support the CBA methodology, and ultimately government 

decision making, around land acquisition and alternative management approaches to develop blue-

green infrastructure, specifically developing the vision for South Creek to be the cool green spine of 

Western Parkland City. It outlines the approach to identify and acquire land required for delivery of 

the project in the Wianamatta-South Creek precinct.  

Non-market valuation of urban amenity values, such as improved access to open space, urban 

cooling, and health benefits, is used in the CBA to capture a range of public benefits associated with 

landscape and infrastructure planning. These valuations are derived from studies in urban / city 

environments, often based on residential property price differentials and willingness to pay for 

liveability improvements. While this CBA provides an example of using non-market valuation to 

support planning for urban environmental and landscape assets, it is not suited to the context of the 

NBC program. The NBC program focuses on improving the ecological condition of river systems 

across regional and remote areas.  

The Connectivity Expert Panel Report (July 2024) 

This report states that socio-economic analysis should consider the full range of economic benefits 

and costs likely to be experienced, and the Department should consider four levels of analysis when 

designing a socio-economic assessment: 

• Level 1. Direct impact on irrigated agriculture production 

• Level 2. Local community analysis including flow-on effect to agricultural and other sectors, such 

as through input-output (I-O) modelling 

• Level 3. Large regional scale analysis, such as through computable general equilibrium (CGE) 

modelling 

• Level 4. Location-based analysis of costs, benefits and trade-offs for connectivity 

recommendations 

This project contributes to Level 4 analysis considerations, by assessing the non-market benefits of 

the proposed connectivity recommendations. 

https://water.dpie.nsw.gov.au/__data/assets/pdf_file/0003/616737/connectivity-expert-panel-final-report.pdf
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2. Approach 

Our assessment approach is designed to provide robust, evidence-based and 

comparable estimates of current non-market economic values of water across 

NSW. 

2.1 Methods of evaluating users’ economic value of water 

Appendix 1 of this report includes a short introduction to what economic values are and what they 

are not, and the basic steps in economic valuation of waterways, valuation approaches, and 

economic value transfer approaches. Readers are encouraged to read Appendix 1 if they are not 

familiar with concepts of economic value, benefits and costs, consumer and producer surplus, and 

the main market and non-market valuation approaches normally used to value water.  

Economic valuation involves measuring the value of goods and services in monetary terms. In simple 

terms, the economic value of a good or service is measured by what consumers, producers or 

governments are willing to pay to have the good or service provided, or similarly, how much 

consumers, producers or governments would need to be compensated to forego the good or service 

[5]. 

Benefits are defined as any positive effect, material or otherwise, and in some contexts, for which 

identifiable impacted parties are willing to pay or what they are willing to accept as compensation if 

forgone. Costs are the value of the opportunities foregone because of the commitment of resources 

to a project, or likewise the willingness to pay to avoid detrimental effects [5]. 

2.1.1 Economic value of waterway condition and health  

There is very clear evidence that people and communities in Australia and around the world place 

significant value on having healthy waterways. We know that people and communities across 

Australia generally value waterways when they are in a healthy condition and are willing to pay to 

improve waterway condition [1, 6-10].  

The values that people have for waterways can stem from many sources of goods and services 

including the types of provisioning, regulating and cultural benefits people receive (Table 6). People 

and communities can have values and be willing to pay for improvements in waterway condition 

irrespective of whether they visit the waterway or not – simply knowing that a waterway is in good 

condition and wanting it to be in good condition in the future is sufficient for people to have values 

for it [11].  Table 6 also shows how the ecosystem services provided by waterways (provisioning, 

regulating and cultural, plus the examples given) are captured by the two methods used in this 

analysis. 
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Within the CICES framework, tourism is recognised as a cultural service covering the enjoyment and 

appreciation of ecosystems through tourism activities, such as hiking, birdwatching, diving, or scenic 

appreciation. It refers to the benefits people derive from experiencing ecosystems rather than 

extracting materials (provisioning) or regulating processes. 

While the CICES provides a useful framework for categorising the benefits people derive from nature, 

it does not reflect Traditional Owner values for Country. For many Traditional Owners, Country is a 

living entity with which they have reciprocal relationships that are spiritual, cultural, and practical. 

These connections go beyond the “cultural services” recognised in CICES. For this reason, we do not 

include values for Country within the CICES framework in Table 6, nor do we attempt to place a 

monetary value on them. 

Table 6: Common International Classification of Ecosystem Services (CICES) from waterways and how 

methods used in this analysis align 

Ecosystem services Examples Meta-analysis using VWET Discrete Choice 

Experiment 

Provisioning Products obtained from 

waterways (e.g. genetic 

material, fish stocks). 

Measures the economic 

value of provisioning, 

regulating and cultural 

services indirectly through 

river health lengths and 

willingness to pay for river 

condition. 

Measures the economic 

value of changes directly 

in fish stocks, bird 

breeding and indirectly 

river health lengths. 

Regulating How waterways regulate 

water quality, 

temperature, flood, and 

erosion. 

Measures economic 

value indirectly through 

river health lengths. 

Cultural Cultural or intellectual 

recreation benefits of 

waterways, including 

tourism. 

Measures economic 

value of recreation 

including tourism directly 

through recreational 

fishing. 

 

In this study, we use two different approaches for valuing the benefits of river health and river health 

improvements. The primary approach uses results from a recent Discrete Choice Experiment (DCE) 

valuing rivers in NSW. A corroborating analysis was also conducted which is based on a value transfer 

method from a meta-analysis of waterway valuation studies from Australia.  Both approaches are 

described further below, and Table 6 shows how these studies’ economic values map to the CICES 

framework. 
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Table 7: Non-market economic valuation methods, units and timeframes 

Non-market 

valuation 

Unit of 

economic 

measure 

What is being measured Method At-

source 

or at-site 

value 

Total, 

average, or 

marginal 

values 

Timeframe 

(Once-off, 

annual or 

Capitalised 

value) 

Discrete Choice 

Experiment 

(primary) 

$ per km 

per 

household 

Willingness to pay for 

waterway condition and 

the improvement of 

waterway condition in 

NSW. 

Uses the results of a recent study that used a discrete choice 

survey to value the beneficial outcomes of potential river 

restoration projects in the Murray-Darling Basin in New South 

Wales [20-21]. Based on 1,100 NSW survey respondents 

including 550 inside the NSW Murray-Darling Basin, the choice 

experiment estimated willingness to pay for improved fish 

populations, changes in water birds, recreational activities and 

the length of waterway improved.  

At-site Marginal Capitalised 

Meta-analysis, 

Waterway health 

value (corroborating 

analysis) 

$ per km Willingness to pay for 

waterway condition and 

the improvement of 

waterway condition in 

NSW. 

Marsden Jacob developed a Value Waterway Economic 

Estimation Tool for NSW (VWET NSW). VWET NSW uses a top-

down approach to determine the economic value of waterways 

within NSW based on current waterway health and the total 

number of kilometres of waterway in NSW.  

Appendix 2 describes the WVET NSW model and how it was 

developed and applied.  

At-site Marginal One-off 
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Figure 1: Primary and supporting methods used for valuing the benefits of river health and river health improvements 
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2.1.2 Primary valuation method – Discrete Choice Experiment and the willingness to pay 
for waterway health outcomes in the Murray-Darling Basin 

The primary DCE method uses the results of a recent study that used a discrete choice survey to 

value the beneficial outcomes of potential river restoration projects in the Murray-Darling Basin in 

New South Wales [20-21].  

Based on 1,100 NSW survey respondents including 550 inside the NSW Murray-Darling Basin, the 

choice experiment estimated willingness to pay for improved native fish populations, changes in 

water birds, recreational activities and the length of waterway improved (Figure 2). The results of the 

evaluation add to the small pool of primary valuation studies focused on improvements to waterway 

health in Australia.  

The study tests for significant differences in values between in-catchment and out-of-catchment 

populations, and the effect on value estimates of either dropping or retaining responses from serial 

non-respondents. Tests between in-catchment and out-of-catchment populations did not identify a 

significant difference in value estimates, supporting the consolidation of values into a benefit 

transfer function for the state population across all value parameters.  

Figure 2 shows an example of the discrete choice experiment choice set survey respondents 

answered, and Table 8 shows estimated willingness to pay values and confidence intervals from the 

study.  

Table 8 can be interpreted as: the average household in NSW would be prepared to pay, each year 

for five years, $1.26 for each 100 kilometres of river provide, and $0.91, $3.31 and $2.84 for each 

one percent improvement in native fish populations, waterbirds, and recreational fishing 

respectively. Fish x River length and Fish by Recreation values were omitted because they were 

found to be not significant.  

For the purpose of this analysis, these values were capitalised to a one-off amount (how much the 

average household in NSW would be prepared to pay once-off) then converted to a 40-year PV and 

annualised equivalent.   
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Figure 2: Discrete Choice Experiment example for impacts on native fish populations, water birds, 

recreational activities, and the length of stream improved 

 

 

Table 8: Value estimates extrapolated to NSW population, Table 6 from Rolfe et al., In sub. a, 2024 

Attributes AUD per household per 100 km of river 

improved 

ASC for an improvement option $123.95 (42.20 – 237.66) 

River Length (per 100 km) $1.26 (0.45 – 2.14) 

Fish (per 1% improvement) $0.91 (0.04 – 1.78) 

Waterbirds (per 1% improvement) $3.31 (1.93 – 4.77) 

Recreational fishing (per 1% increase) $2.84 (0.48 – 5.40) 

Fish x River length (per 100 km) -0.030 (-0.05 - -0.01) 

Fish by Recreation  -0.01 (-0.02 - -0.01) 

2.1.3 Corroborating evidence – Meta analysis using VWET tool 

To establish the non-market economic values for waterways in NSW for NRAR, Marsden Jacob 

developed a Value Waterway Economic Estimation Tool for NSW (VWET NSW). VWET NSW uses a 

top-down approach to determine the economic value of waterways within NSW based on current 

waterway health and the total number of kilometres of waterway.  
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This corroborating analysis was conducted for two reasons: (1) to triangulate results from the 

primary DCE approach and (2) assess the robustness of the non-market value estimates using a 

different methodology.  

Appendix 2 describes the VWET NSW model and how it was developed and applied for the study. In 

summary the VWET NSW:  

• Measures the marginal economic value of waterways in NSW based on changes to their 

condition drawing on best-available river condition data for NSW Rivers, ABS NSW population 

data and evidence of how much households across Australia are willing to pay for waterway 

condition, including waterways that people may or may not visit or directly use for consumptive 

or non-market purposes. 

• Uses river condition data from two sources:  

1. the River Styles (RS) Spatial Datasets5 developed for the Bioregional Assessment 

Programme around 2010. 

2. the NSW River Condition Index (RCI) Spatial Dataset6 developed by Department of Planning 

and Environment (DPE) 2023.  

Both datasets are long-term reporting tools for assessing river condition using either a three (RS) 

or five (RCI) level condition scale. Each tool uses inputs from a range of indicators to cover all 

aspects of river health including water quality, river form, surrounding vegetation and the aquatic 

fauna that live in rivers. The RS dataset contains waterway length information, while the RCI 

dataset does not. These datasets were identified as the best available sources to represent 

waterway condition for this assessment due to their level of granularity. Limitations around using 

each of these datasets are detailed further in Table 16.  

• Economic values for waterway condition comes from a meta-analysis study of regional 

Australian River valuation studies [9]. The meta-analysis was performed by collating willingness-

to-pay estimates from primary valuation studies for improved river health in Australia over a 15-

year period, from 2000 to 2015, and then analysing them with different regression models to 

generate a predictive function for the willingness to pay value. Using the model parameters, 

estimates of willingness to pay per household for this project are in the order of $4.81-$4.82 per 

kilometre of waterway health in very good condition. The model parameters table can be found 

in Table 29 (for the Barwon-Darling) and Table 30 (for the tributaries) in Appendix 2.  

• Adjustments are made to the economic values for waterway condition to account for:  

 

5 The River Styles framework is a tool used to characterise waterway geomorphology, which provides baseline information and understanding of 

river forms as well as its condition and trajectory. The primary layer used for this assessment is the Geomorphic condition, or the extent to which 
the river has been altered relative to the reference condition for the given river style. It is used for natural resource management planning based 
on river style, condition, and recovery potential. The NSW DCCEEW Water Science team have expressed concerns over using this dataset, which 
are discussed further in the Limitations section and Table 16. 

6 The RCI dataset is NSW’s primary long-term reporting tool for assessing riverine condition. It combines a range of indicators including riparian 

vegetation, geomorphic condition, hydrologic stress, biodiversity, catchment disturbance and water quality into one condition score. The RCI was 
developed using the Framework for the Assessment of River and Wetland Health (FARWH) approach. The FARWH is an accepted approach 
applied throughout Australia. https://data.nsw.gov.au/data/dataset/river-condition-index-rci  

https://data.gov.au/data/dataset/06fb694b-d2f1-4338-ab65-a707c02f11d7#:~:text=The%20River%20Styles%20Framework%20is,Geomorphic%20Condition%2C%20and%20Recovery%20Potential.
https://datasets.seed.nsw.gov.au/dataset/river-condition-index-rci
https://data.nsw.gov.au/data/dataset/river-condition-index-rci
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1. current waterway condition or the Base Case used as the comparison point for modelled 

scenarios as assessed by the TAP. The Base Case in waterway condition for this method is derived 

from the RCI and RS condition data.  

2. the total length of waterways segments in the Barwon-Darling and its tributaries that are in 

improvable condition. Appendix 2 describes how these adjustments are made.  

The overall impact of the adjustments made are to provide a robust estimate of the economic value 

of waterway condition to NSW households. This approach has been taken to reflect the data 

limitations and uncertainty in the analysis to avoid overstating the benefits, consistent with NSW CBA 

guidelines. This helps to ensure the estimates are defensible and credible. 

2.2 Quantification of environmental changes of the Panel’s proposed 
rules for improving connectivity 

To establish the benefits of changes in waterway conditions, estimates of the improvements under 

the Panel’s proposed rules were assessed by Griffith University, through an ecological assessment 

technical advisory panel (TAP) consisting of independent ecology experts.   

The TAP assessed likely ecological outcomes of hydrological changes predicted under a range of 

scenarios modelled by the DCCEEW to assess ways to implement the Panel’s proposed connectivity 

rules. The assessment sought to better understand and quantify the possible benefits and risks to 

riverine ecosystems and biodiversity in the Barwon-Darling River system and its tributaries.  

The TAP analysis identified quantifiable ecological indicators of change that were then used by 

Marsden Jacob to monetise environmental benefits of different flow scenarios by applying these to 

the primary method (DCE) and the corroborating analysis (VWET) approaches described above.   

Our approach for translating the TAP values into economic benefit values is set out in Section 2.3.3.  

A summary of the methods used by the ecological assessment TAP to assess the changes to 

ecological indicators is included in Section 2.3.1. 

2.3 Ecological assessment TAP process 

Griffith University and the Ecological Assessment TAP used an expert elicitation process to develop, 

refine and execute a scoring method to identify key ecological characteristics likely to be affected by 

proposed flow changes and quantify these indicators to be used for the non-market analysis.  

The TAP comprised of subject matter experts in flow ecology of the northern Murray-Darling Basin, 

who were engaged in multiple online workshops to discuss the project context and objectives, as 

well as hydrological modelling data provided to inform the ecological assessment.  

2.3.1 Flow scenarios 

Five scenarios were presented by DCCEEW for assessment in this project and by the TAP, each 

representing a different potential rule changes to WSPs in the northern Murray-Darling Basin. These 

are described in Table 1 and include: 
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• Extended resumption of flow 

• End of system – high security accounts 

• End of system – translucency 

• Connectivity EWA – dam inflow trigger 

• Connectivity EWA – Bourke flow trigger 

• Combination (models the extended resumption of flow, end of system - translucency and 

connectivity EWA – Bourke flow triggers approaches being implemented together.) 

An additional baseline or ‘business as usual’ or Base Case scenario was also considered, which is a 

representation of the current conditions and water sharing plan rules, including any policies or 

initiatives that are agreed or in the process of being implemented.  

2.3.2 Scoring 

To assess ecological outcomes of the flow scenarios under consideration in Table 5, a scoresheet was 

developed to provide a broad assessment of ecological outcomes of each flow scenario and meet the 

needs of Marsden Jacob’s non-market valuation approach. 

The scoresheet was developed iteratively through discussions with the TAP and DCCEEW and as a 

result of online workshops with other experts. The final scoresheet includes the impact mechanism, 

ecological component, and time frame criteria listed in Table 9. 

Table 9: Criteria included in TAP scoresheet (from Table 3 in TAP report)  

Impact mechanism Ecological component  Time frame 

Impacts on water quality Native fish Major historic drought 

Impacts on habitat Other aquatic fauna Flash drought 

Impacts on connectivity Waterbirds Unprecedented mega drought 

 Instream vegetation Non-dry times 

 Cumulatively 30yrs historic 

Cumulatively 30yrs drier future 

 

Each ecological component was considered in relation to each impact mechanism.  

TAP members were asked to select a score as follows: 0 = none/negligible effect; 1 = measurable 

positive change (< 5 % change); 2 = significant positive change (> 5 % change); -1 = measurable 

negative change (< 5 % change) and - 2 = significant negative change (> 5 % change).  

Changes were scored for each scenario in relation to the baseline scenario. Scores were requested 

for each criteria in relation to the Barwon-Darling and separately for the collective tributaries.  
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Scores were summed for each TAP member both overall and with respect to each impact mechanism 

(i.e. water quality, habitat and connectivity). Where adequate mitigation was deemed available by a 

TAP member, any negative scores given by that TAP member were reset to 0 (i.e. no/negligible 

effect). Overall scores and scores for each impact mechanism were then calculated accounting for 

mitigation scoring as well as without mitigation. For each aggregated score, mean scores across the 

TAP members were then calculated for each scenario. The final scores can be found in the TAP 

report.  

2.3.3 How this approach translated the TAP’s assessment  

To estimate the non-market value of ecological improvements associated with the Panel’s proposed 

rules, the changes to ecological indicator scores provided by the TAP were translated into percentage 

changes that could be applied to value coefficients for the primary method (DCE) and corroborating 

analysis (VWET). 

The TAP scoring framework uses the following scale to reflect expected ecological changes: Score 0: 

negligible or no change, Score 1: measurable improvement (<5%), Score 2: significant improvement 

(>5%), etc.  

The qualitative TAP scores were first converted into estimated percentage improvements for each 

outcome indicator associated with ecological outcomes (native fish, water quality, flora and fauna, 

and habitat benefits), which were then applied across the project options. This method allowed us to 

produce consistent and comparable estimates of the change in economic value associated with each 

approach for implementing the Panel’s proposed rules, based on improvements to ecological 

outcomes valued by the community.  

Table 10: Connectivity options and their estimated percentage improvements based on TAP analysis 

for the Barwon-Darling River 

Scenario  Average score 

(from TAP) 

Estimated 

percentage 

improvement 

Extended resumption of flow 0.36 1.8% 

End of system – high security accounts  0.71 3.6% 

End of system - translucency  0.50 2.5% 

Connectivity EWA – dam inflow trigger 0.46 2.3% 

Connectivity EWA – Bourke flow trigger  0.27 1.3% 

Combination (extended RoF, EoS - translucency, EWA – Bourke)  0.80 4.0% 

 

The TAP scores converted into percentage improvements were then applied to the DCE and VWET 

methods as outlined in the following steps. 
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2.3.4 Application to DCE method 

1. Selection of relevant ecological indicators - We reviewed the ecological attributes assessed by 

the TAP and identified those that aligned with indicators used in Rolfe et al., In sub. a, 2024 

(example shown in Figure 2).  

Specifically, we focused on attributes in the DCE associated with native fish and waterbird 

outcomes. Recreational fishing outcomes were assigned a zero dollar outcome because human 

and recreation impacts were not assessed by the TAP7. Other excluded indicators included 

outcomes for other aquatic fauna and instream vegetation, which are not included in the Rolfe 

study.  

2. Aggregation of TAP Scores by indicator category - For each approach to implementing the 

Panel’s proposed rules, we averaged the TAP members’ scores across two sections of the 

assessment: improvements due to water quality and improvements due to habitat. These 

average scores were grouped into the relevant DCE categories: native fish, waterbirds, and 

recreational fishing. 

Table 11: DCE model inputs as a raw score (TAP) and as a percentage improvement for the Barwon-

Darling River 

DCE model value Extended 

RoF 

EoS- HS 

account 

EoS - 

translucency 

EWA -

dam 

EWA - 

Bourke 

Combinati

on 

Total native fish 

outcomes 

Raw TAP 

score 

0.500 0.929 0.714 0.571 0.214 1.071 

Total 

waterbirds 

outcomes 

0.143 0.429 0.143 0.071 0.143 0.143 

Total rec fishing 

outcomes 

0.00 0.00 0.00 0.00 0.00 0.00 

Total native fish 

outcomes 

% 

improve

ment 

2.5% 4.6% 3.6% 2.9% 1.1% 5.4% 

Total 

waterbirds 

outcomes 

0.7% 2.1% 0.7% 0.4% 0.7% 0.7% 

Total rec fishing 

outcomes 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

 

7 The first round of TAP scoring included scores for recreational fishing, with the estimated outcomes being negative or zero (-0.25% or 0.0% on a 

percentage basis). The second round of scoring focused on the ecological outcomes and did not consider any human and recreation impacts. If 
recreational fishing impacts were included, based on the TAP’s round 1 scoring, it may decrease the value of some options marginally.   
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Table 12: DCE model inputs as a raw score (TAP) and as a percentage improvement for the tributaries 

DCE model value Extended RoF EoS- HS 

account 

 EoS - 

translucency 

EWA -dam EWA – Bourke 
 

Combination 

Total native fish 

outcomes 

Raw TAP 

score 

0.571 0.786 0.714 0.357 0.214 0.857 

Total 

waterbirds 

outcomes 

0.071 0.286 0.214 0.071 0.143 0.071 

Total rec fishing 

outcomes 

0.00 0.00 0.00 0.00 0.00 0.00 

Total native fish 

outcomes 

% 

improve 

ment 

2.9% 3.9% 3.6% 1.8% 1.1% 4.3% 

Total 

waterbirds 

outcomes 

0.4% 1.4% 1.1% 0.4% 0.7% 0.4% 

Total rec fishing 

outcomes 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

 

3. Application of TAP-estimated changes to DCE value coefficients - The TAP’s estimated 

percentage changes for the relevant ecological indicators above were attributed to the 

respective DCE value coefficients (AUD per household per 1% improvement) as presented in 

Table 8 (replicated from Rolfe et al., In sub. a, 2024.)  

Because the table from the study assessed willingness to pay per year over 5 years, the 

coefficients were capitalised to reflect the average NSW household willingness to pay a one-time 

payment.  

4. Scaling to total economic value – To estimate the total economic value, the calculation 

incorporated the total km of improvable waterways (using RS waterway length data), and the 

scaling of values up using NSW household numbers to reflect the total population willing to pay 

for improvements (assuming 80% of total NSW households would be willing to pay).   

5. Sensitivity test – A sensitivity test was conducted to assess the effect of varying assumptions 

around (1) the proportion of total waterway length that could realistically be improved by the 

Panel’s recommendations and (2) recommended scale adjustments from John Rolfe based on 

other Australian valuation studies.  
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The lower-bound sensitivity is based on improving 30% of total waterway lengths, which aligns 

with advice from John Rolfe who recommended using 30% as a scaling adjustment reflecting the 

extent of improvement typically observed across Australian river valuation studies. This reflects a 

sensitivity case where improvements are assumed to be quantifiable only for waterways in 

‘moderate’ condition, and not at the extremes. 

The upper-bound sensitivity assumes that up to 70% of waterways could be improved. This 

estimate corresponds to the combined length of the Barwon-Darling River and its tributaries 

identified as being in ‘poor’ or ‘moderate’ condition based on the River Styles dataset.  

The central case assumes that 50% of the total waterway length could be improved, representing 

a balanced and evidence-based midpoint between the upper and lower bound sensitivities.  

Table 13: DCE valuation method results and sensitivity (Barwon-Darling River and tributaries 

combined) 

Scenario Upper Bound 

(70%) 

Central Case 

(50%) 

Lower Bound (30%) 

Extended resumption of flow $407,800,000  $315,300,000  $222,900,000 

End of system – high security accounts  $519,700,000  $427,300,000  $334,900,000 

End of system - translucency  $447,700,000  $355,200,000  $262,800,000 

Connectivity EWA – dam inflow trigger $389,500,000  $297,000,000  $204,500,000 

Connectivity EWA – Bourke flow trigger  $390,400,000  $297,900,000  $205,500,000 

Combination (extended RoF, EoS - 

translucency, EWA – Bourke)  

$446,800,000  $354,300,000  $261,800,000 

 

2.3.5 Application to the meta-analysis method (corroborating evidence) 

 The nature of non-market valuations means that there is considerable uncertainty in the results. 

Consequentially, we have applied a separate approach to provide corroborative evidence. This is the 

meta-analysis described above. The steps to apply the meta-analysis are:  

1. Determine variables for the total river length and the length of river in good condition now – 

The RCI and RS databases were considered the best available sources for understanding the 

current condition of the Barwon-Darling River and tributary waterway segments. Based on the RS 

dataset, the total waterway length from the NSW/QLD border to Menindee Lakes is 1,836 km, 

with 34% classified as being in ‘good’ condition, and 66% classified as being in ‘moderate’ or 

‘poor’ condition. For the tributaries, the following lengths were approved to be used by DCCEEW:  
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a. Macintyre Rivers between Pindari Dam and Mungindi, and Severns River downstream of 

Pindari Dam – 461 km 

b. Gwydir River, Carole Creek, Mehi River, Gil Gil Creek (downstream of Copeton Dam) – 842 km 

c. Namoi River between Keepit Dam and Walgett – 529 km 

d. Total: 1,832 km with 26% classified as being in ‘good’ condition and 74% considered in 

‘moderate’ or ‘poor’ condition.  

2. Applying the WTP values from the sigmoid curve in Appendix 2 to the waterway condition 

scores. A weighted average WTP was then calculated based on the waterway condition scores, 

the WTP values from the sigmoid curve, and the waterway segment lengths. Because the RCI 

dataset does not include waterway length information, the total length used in the RS dataset 

was also applied to the RCI. For RS, this value was $1.87 per kilometre per household for the 

Barwon-Darling, and $1.80 for the tributaries. For RCI, the value was $3.79 per kilometre per 

household for the Barwon-Darling and $1.38 for the tributaries. The higher Barwon-Darling value 

for the RCI reflects that a large portion of the river length in this dataset falls within the 

moderate/good condition “sweet spot” or reaches that can still be improved but are assigned a 

relatively high value.  

3. Scaling to total economic value – To estimate the total economic value of the Barwon-Darling 

River and separately the tributaries, assumptions were applied against the total km of improved 

waterways, and the scaling of values up using NSW household numbers to reflect the total 

population willing to pay for improvements (assuming 80% of total NSW households would be 

willing to pay). The total economic value of the Barwon-Darling River and the tributaries assessed 

was found to be between $12.7 (RS) and $17.4 (RCI) billion, based on the meta-analysis method. 

This represents the one-off value that NSW households would place on these waterways in their 

current condition.  

4. Sensitivity testing the total economic value – Similar to the DCE method, a sensitivity test was 

conducted for this method to test varying assumptions about the proportion of that waterway 

lengths that could be improved. The upper bound value that is attributed to 70% of the total 

waterways being improved, while the lower bound value is based on the assumption that the 

meta-analysis figures could only be reliably applied to 30% of total waterway lengths. This results 

in a range of $12.7 (RS) to $17.4 (RCI) billion for the upper bound estimate and $5.4 (RS) to $7.7 

(RCI) billion for the lower bound for the total value of the waterways.  

5. Application of TAP-estimated changes to total economic value – The TAP’s estimated 

percentage changes for each ecological indicator were averaged to determine an overall 

estimated change for each project option (these values are shown in Table 10 and Table 14). 

These percentages were applied to the total economic value of the Barwon-Darling River and the 

tributaries, then summed to estimate the total economic impact of each NBC project scenario. 

The values were then converted to a 40-year PV to allow for direct comparison with the DCE 

results.  
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Table 14: Connectivity options and their estimated percentage improvements based on TAP analysis 

for the tributaries 

Scenario  Average score 

(from TAP) 

Estimated 

percentage 

improvement 

Extended resumption of flow 0.43 2.1% 

End of system – high security accounts  0.59 2.9% 

End of system - translucency  0.54 2.7% 

Connectivity EWA – dam inflow trigger 0.27 1.3% 

Connectivity EWA – Bourke flow trigger  0.27 1.3% 

Combination (extended RoF, EoS - translucency, EWA – Bourke)  0.63 3.1% 

 

Table 15: Meta-analysis (RCI and RS) method valuation, 40-year PV results (with upper and lower 

bounds) 
 

Upper Bound Lower Bound 

Scenario RCI RS RCI RS 

Extended resumption of flow $281,900,000 $214,400,000 $123,500,000 $91,500,000 

End of system – high security accounts  $506,00,000 $353,200,000 $223,600,000 $152,300,000 

End of system - translucency  $380,800,000 $282,000,000 $167,300,000 $120,700,000 

Connectivity EWA – dam inflow trigger $304,100,000 $197,200,000 $135,200,000 $85,900,000 

Connectivity EWA – Bourke flow trigger  $199,800,000 $145,700,000 $87,900,000 $62,500,000 

Combination (extended RoF, EoS - 

translucency, EWA – Bourke)  

$561,00,000  $386,700,000 $248,200,000 $167,000,000 

 

This methodology found that Option 5 provides the highest estimated economic value, followed by 

Option 3a.  
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2.4 Qualitative narratives from the TAP 

Scoring by the TAP indicates that positive ecological outcomes can be expected in response to all of 

the proposed flow scenarios across both the Barwon-Darling and, to a somewhat lesser extent, the 

tributaries. These improvements are anticipated to be measurable but relatively modest in the short 

term.  

The combined pressures of climate change, water extraction, and historic river management are 

likely to continue exerting a dominant influence on ecological condition. Over longer timeframes, 

however, significant benefits are expected to accrue, particularly through improvements in water 

quality, habitat availability and connectivity that will support native fish, aquatic fauna, waterbirds 

and instream vegetation.  

While the TAP emphasised the potential for long-term ecological gains, it also noted that these will 

emerge against a backdrop of ongoing environmental stressors such as invasive species and a drying 

climate. 

At the same time, the TAP recognised risks that could arise from managed flows, particularly where 

delivery occurs to dry or disconnected reaches during warmer months, creating water quality 

challenges for instream biota.  

Although most panel members considered available mitigation measures adequate, they highlighted 

the importance of clear operational guidance, monitoring and adaptive management to ensure risks 

remain controlled. The TAP also stressed that flow management alone will not be sufficient; 

complementary measures such as habitat restoration, invasive species management, and protection 

of refuge pools will be essential to amplify ecological benefits.  

Taken together, the TAP findings suggest that while baseflow increases are the primary driver of 

positive outcomes, the way these flows are managed in practice, and how they are integrated with 

broader ecological management, will ultimately determine the scale of long-term benefits.  

2.5 Limitations  

The non-market value estimates in this report are subject to uncertainty and several technical 

constraints. These limit how the value estimates should be understood and applied by policymakers. 

Table 16 summarises key issues and implications. 
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Table 16: Waterway condition values limitations and implications  

Issue Description Implications for policy makers 

Valuing 

waterway 

condition, not 

water per se 

The waterway condition values measure the economic 

values that people place on healthy waterway 

condition and the benefits that healthy waterway 

condition provides – for example healthy levels of fish 

population, bird breeding, riparian vegetation and 

water quality for ‘in-water’, ‘on-water’ at ‘at-water’ 

activities – activities like swimming, boating and fishing 

from the waterway banks. As such, the values do not 

explicitly value the water in the waterway. Water is 

fundamental to waterway condition however, and 

waterway condition is therefore considered an 

appropriate proxy for the value of water in waterways. 

Be aware that the economic values 

for waterways are for waterway 

condition and beneficial outcomes 

of waterway condition, not water 

per se. 

Waterway 

condition 

economic 

values 

The meta-analysis used for the waterway valuation 

relies mainly on valuations of waterway condition from 

between 2000–15 [9]. Many significant environmental 

events (including fish kills) have occurred since this 

time. It is possible that community values for waterway 

condition have shifted since 2015. 

Recognise that community values 

for waterways may have shifted 

over the past decade, and this could 

impact the waterway condition 

valuations.* 

Infrequent 

and low-

resolution 

waterway 

condition data 

Ideally, waterway segment conditions would be 

assessed at regular intervals (at least annually) and 

reported at a fine geographic scale, with condition and 

length data attributed to individual waterway 

segments. 

More frequent and granular tracking 

of waterway condition would 

significantly improve the quality and 

reliability of economic and 

ecological assessments. 

River Styles 

(RS) 

limitations 

For this study, the NSW River Styles (2010) condition 

scores have been used to constrain the length of river 

expected to respond to flow interventions, focusing on 

reaches identified as being in poor or moderate 

condition. River Styles is one of the few datasets that 

identifies stream condition by length; however, the 

approach has several key limitations: 

• The River Styles (2010) dataset was applied 

inconsistently across catchments, reflecting 

the variable availability of information at the 

time of assessment. 

While not possible in the project 

timeframe, it is noted that DCCEEW 

Ecological Processes team has 

advised that future assessments 

could be improved by: 

1. Using updated River Styles 

datasets where methods 

have been applied more 

consistently and with 

improved data; 
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Issue Description Implications for policy makers 

• Geomorphic condition has some relationship 

with ecological patterns and processes, but 

these links are indirect and not empirically 

defined. As such, River Styles condition scores 

do not necessarily reflect ecological condition. 

• The condition scores represent geomorphic 

condition at the time of assessment and do 

not account for the potential for 

improvement. Some geomorphic changes 

occur over long timescales and may be 

effectively permanent within the timeframe of 

short-term studies. 

2. Incorporating ‘geomorphic 

recovery potential’, which 

is also available as a River 

Styles data product; 

3. Applying a more 

appropriate ecological 

benchmark developed 

through ecological 

monitoring or 

ecohydrological modelling. 

River 

Condition 

Index (RCI) 

limitations  

The RCI data reports waterway condition at the sub-

catchment scale, which masks local variation. It also 

does not include waterway length information, which is 

a critical input for the analysis.  

The RS data is imperfect and likely 

does not fully reflect current 

condition. 

TAP scoring 

limitations 

The scoring method used by TAP members to assess 

ecological outcomes of flow scenarios was relatively 

coarse. It did not allow for the assignment of precise 

percentage improvements and only broad categories. 

At the endpoints of the scale, changes could only be 

recorded as “greater than 5%” or “less than 5%,” with 

these scored as –2 or +2.  

This limits the ability to capture 

incremental ecological responses. 

However, this level of resolution 

was considered appropriate for the 

scope of this assessment. 

*Based on recent analysis and advice from John Rolfe, only four additional waterway valuation studies have been 

conducted in Australia since 2015. He has assessed the available data and no temporal trend in values were identified after 

adjusting for CPI. In addition, based on Rolfe, J., Rajapaksa, D et al (2024) [22], which employed best-worst scaling identified 

that fish kills in the MDB were not viewed more importantly than other environmental priorities.  

The limitations outlined above mean estimates in this report suitable for raising awareness of the 

non-market economic values of waterway conditions in NSW, at a high and aggregated level for 

NSW. The confidence intervals around these estimates are wide – likely more than 30%+/- and likely 

skewed toward underestimation rather than overestimation due to the conservative assumptions 

applied.  

Decision making and / or policy design at lower scales, such as the individual catchment or river level, 

should use economic valuation estimates that are specifically developed for these water bodies. 
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3. Headline estimates  

Our economic value analyses highlight that NSW waterways generate 

significant non-market economic value for NSW communities.  

The DCE method is the preferred valuation method. This is complemented by a meta-analysis 

method sensitivity test, to assess the non-market value that NSW households would place on 

improvements to waterway condition of the Barwon-Darling River.  

While both methods and the multiple datasets used (including the TAP outputs, the RCI and RS) have 

limitations, taken together they demonstrate that the Panel’s proposed rules are is likely to generate 

considerable non-market benefits across all options assessed. Specifically, this study calculates the 

economic impact of deviations in Barwon-Darling and its tributaries’ waterway conditions. Key points 

are: 

• The NBC project is expected to improve waterway condition and generate additional non-

market economic benefits by enhancing waterway connectivity. The non-market values are 

estimated to range as a 40-year PV from $297.9 million (connectivity EWA – Bourke flow trigger) 

to $427.3 million (end of system – high security account). 

• The highest performing scenario is the end of system flow target in regulated valleys to be met 

via high security account releases, at $427.3 million with lower and upper bound estimates  of 

$334.9 million and $519.7 million. 

• The estimates are based on the TAP’s assessment of waterway improvements arising from the 

proposed water sharing plan rule changes. They range from 1.3% to 4.0% improvement 

depending on the option.  

It is important to note that while these figures are substantial, even without the NBC project and 

even if they are degraded, waterways retain some residual value. Based on the meta-analysis and the 

RCI dataset, the current condition of the Barwon-Darling River and its tributaries is valued at 

between $7.6 and $17.4 billion. 

Table 17: 40-year PV and annuity values of improvements in waterway condition of the Barwon-

Darling River and its tributaries (combined), DCE method, central case 

Scenario 40-year PV Equivalent annual 

value ($/yr) 

Extended resumption of flow  $315,300,000  $ 17,360,000 

End of system – high security accounts   $427,300,000  $23,530,000 

End of system - translucency   $355,200,000  $19,560,000 
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Connectivity EWA – dam inflow trigger  $297,000,000  $16,360,000 

Connectivity EWA – Bourke flow trigger   $297,900,000  $16,410,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke)   $354,300,000  $19,510,000 

 

The 40-year PV was derived by interpreting the one-off non-market values from the DCE 

methodology as representing the willingness to pay for households over a 100-year horizon, then 

applying a 5% discount rate and truncating the value stream at 40 years.  

To express an equivalent annual value, the 40-year PV was converted into an annualised amount. If 

the annualised amount is received each year for 40 years and discounted at 5%, it would yield the 

same PV as the 40-year total shown in column 2 above.  
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Table 18: Results – 40-year PV non-market value that NSW households would place on improvements in waterway condition of the Barwon-Darling River 

and tributaries (combined), DCE method results presented as central, upper, and lower bound estimates. 

Scenario Discrete Choice Experiment (DCE) 
  

Upper bound Central case Lower bound 

Extended resumption of flow $407,800,000  $315,300,000  $222,900,000 

End of system – high security accounts  $519,700,000  $427,300,000  $334,900,000 

End of system - translucency  $447,700,000  $355,200,000  $262,800,000 

Connectivity EWA – dam inflow trigger $389,500,000  $297,000,000  $204,500,000 

Connectivity EWA – Bourke flow trigger  $390,400,000  $297,900,000  $205,500,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke)  $446,800,000  $354,300,000  $261,800,000 
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Table 19: Annual equivalent non-market value that NSW households would place on improvements in waterway condition of the Barwon-Darling River and 

its tributaries (combined), DCE method results presented as central, upper and lower bound estimates. 

Scenario Discrete Choice Experiment (DCE) 
  

Upper bound  Central case Lower bound 

Extended resumption of flow $22,460,000 $17,360,000 $12,270,000 

End of system – high security accounts  $28,620,000 $23,530,000 $18,440,000 

End of system - translucency  $24,650,000 $19,560,000 $14,440,000 

Connectivity EWA – dam inflow trigger $21,450,000 $16,360,000 $11,260,000 

Connectivity EWA – Bourke flow trigger  $21,500,000 $16,410,000 $11,320,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke) $24,600,000 $19,510,000 $14,420,000 

 

Table 20 and Table 21 show the value of impacts to the Barwon-Darling River separate from the tributaries. The values in both tables sum to the values in 

Table 18. 

Table 20: 40-year PV non-market value that NSW households would place on improvements in waterway condition of the Barwon-Darling River only 

Scenario Discrete Choice Experiment (DCE) 
 

Upper Bound Central case Lower Bound 

Extended resumption of flow $199,200,000 $162,100,000 $115,800,000 
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End of system – high security accounts  $266,000,000 $228,800,000 $182,600,000 

End of system - translucency  $209,000,000 $171,800,000 $125,500,000 

Connectivity EWA – dam inflow trigger $190,600,000 $153,500,000 $107,200,000 

Connectivity EWA – Bourke flow trigger  $186,300,000 $149,000,000 $102,800,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke) $225,200,000 $188,100,000 $141,800,000 

 

Table 21: 40-year PV non-market value that NSW households would place on improvements in waterway condition of the tributaries only 

Scenario Discrete Choice Experiment (DCE) 
 

Upper Bound Central case Lower Bound 

Extended resumption of flow $208,700,000 $153,300,000 $107,100,000 

End of system – high security accounts  $254,000,000 $198,400,000 $152,300,000 

End of system - translucency  $238,900,000 $183,400,000 $137,300,000 

Connectivity EWA – dam inflow trigger $199,000,000 $167,300,000 $113,500,000 

Connectivity EWA – Bourke flow trigger  $238,100,000 $173,500,000 $119,700,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke)  $221,700,000 $166,300,000 $120,100,000 
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3.1 Corroborative evidence: results from using RCI and RS 

The following tables show the total, one-off non-market values calculated using the VWET method using the RCI and RS datasets. This sensitivity test is 

conducted to triangulate results from the primary DCE approach and to assess the robustness of the previous non-market value estimates using a different 

methodology. 

Table 22: 40-year PV non-market value that NSW households would place on improvements in waterway condition of the Barwon-Darling River and 

tributaries (combined) using RCI and RS datasets 

Scenario River Condition Index (RCI) River Styles (RS) 
 

Upper Bound Lower Bound Upper Bound Lower Bound 

Extended resumption of flow $281,900,000 $214,400,000 $123,500,000 $91,500,000 

End of system – high security accounts  $506,000,000 $353,200,000 $223,600,000 $152,300,000 

End of system - translucency  $380,800,000 $282,000,000 $167,300,000 $120,700,000 

Connectivity EWA – dam inflow trigger $304,100,000 $197,200,000 $135,200,000 $85,900,000 

Connectivity EWA – Bourke flow trigger  $199,800,000 $145,700,000 $87,900,000 $62,500,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke)  $561,000,000  $386,700,000 $248,200,000 $167,000,000 
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Table 23: 40-year PV non-market value that NSW households would place on improvements in waterway condition of the Barwon-Darling River only 

Scenario River Condition Index (RCI) River Styles (RS) 

 

Upper Bound Lower Bound Upper Bound Lower Bound 

Extended resumption of flow $189,400,000 $86,100,000 $93,600,000 $42,500,000 

End of system – high security accounts  $378,900,000 $172,00,000 $187,100,000 $84,900,000 

End of system - translucency  $265,200,000 $120,500,000 $131,000,000 $59,500,000 

Connectivity EWA – dam inflow trigger $246,200,000 $111,800,000 $121,700,000 $55,300,000 

Connectivity EWA – Bourke flow trigger  $142,100,000 $64,500,000 $70,200,000 $31,800,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke)  $426,200,000 $193,600,000 $210,500,000 $95,600,000 
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Table 24: 40-year PV non-market value that NSW households would place on improvements in waterway condition of the tributaries only 

Scenario River Condition Index (RCI) River Styles (RS) 

 

Upper Bound Lower Bound Upper Bound Lower Bound 

Extended resumption of flow $92,500,000 $37,500,000 $120,800,000 $49,000,000  

End of system – high security accounts  $127,100,000 $51,600,000 $166,100,000 $67,300,000 

End of system - translucency  $115,600,000 $46,800,000 $151,000,000 $61,200,000 

Connectivity EWA – dam inflow trigger $57,800,000 $23,400,000 $75,500,000 $30,600,000 

Connectivity EWA – Bourke flow trigger  $57,800,000 $23,400,000 $75,500,000 $30,600,000 

Combination (extended RoF, EoS - translucency, EWA – Bourke)  $134,900,000 $54,700,000 $176,200,000 $71,400,000 
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4. Future opportunities  

This report demonstrates the significant value between waterway conditions 

and economic values in NSW, and how changing waterway conditions impact 

on non-consumptive values.  

Flow regimes are known to be an important part of this relationship. While there is a strong 

relationship between water flow and ecological health, the relationship is complex and influenced by 

variables such as ecology, biology, geomorphology and flow dynamics. These factors mean that flow 

requirements and their relationships with waterway health differ depending on the specific river, the 

flow regime and other factors. 

4.1.1 Improvements in base case definition 

This analysis currently adopts the “current condition” as the base case and does not consider the 

likely trajectory of future degradation of the Northern Basin in the absence of the NBC project. As a 

result, the analysis is likely underestimating potential benefits. Currently we do not have suitable 

data to quantify how much the condition would decline in the future, which is why a dynamic 

baseline was not used at this stage.  

4.1.2 Improvements in data collection – waterway condition 

This analysis is constrained by the quality of the input data, with some of the key limitations 

discussed in Section 2.5. More frequent and granular tracking of waterway condition would improve 

the quality and reliability of economic and ecological impact assessments. Currently, gaps in spatial 

and temporal data limit the precision of non-market valuation and the ability to measure progress 

over time. 

4.1.3 Improvements in data collection – value-transfer 

With greater budget at time, this analysis could be strengthened by undertaking a dedicated WTP 

survey specific to the Northern Basin and the Barwon-Darling to provide primary data reflecting 

current community values. This would reduce the reliance on value transfer data from older WTP 

studies from different regions. Increasing engagement with local communities to validate 

assumptions and ensure that the valuation reflects lived experiences and priorities would also 

produce more defensible and policy-relevant benefit estimates.  
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4.1.4 Improvements in data collection – recreational and fishing values 

This analysis also highlights the need for improved tracking and valuation of recreational outcomes, 

including recreational fishing outcomes. While the TAP ecological assessment provides estimates of 

native fish outcomes, they do not capture the non-market value of recreational fishing activity. 

Establishing a robust data collection process, such as recreational fishing surveys linked to waterway 

condition monitoring sites, would enable greater attribution of ecological outcomes to recreation 

and fishing outcomes.  

4.1.5 Summary 

Policymakers may consider supporting the development of a more consistent monitoring framework, 

with annual waterway ecological condition assessments conducted at a more granular geographic 

scale, to enable more robust analysis and evaluation of programs such as the Panel’s proposed rules. 

Policymakers could also consider conducting WTP surveys at regular intervals targeted to NSW 

households to capture shifts in community preferences over time and allow for the detection of 

changes in values following high-profile environmental events or policy changes.  

It is important to note that the NSW Government are progressing further investigations to better 

understand how water flows and extractions impact waterway ecosystems and waterway health 

condition.8  

When this evidence base was developed for the Barwon-Darling River and its tributaries, NSW 

DCCEEW will be able to use it to establish relationships between flow, waterway health outcomes 

and economic values for waterways in NSW, and attribute changes in water extractions and 

waterway health and economic value outcomes.  

  

 

8 https://www.industry.nsw.gov.au/__data/assets/pdf_file/0004/294628/WSRP-Database-of-ecological-flow-requirements-information-

sheet.pdf  

https://www.industry.nsw.gov.au/__data/assets/pdf_file/0004/294628/WSRP-Database-of-ecological-flow-requirements-information-sheet.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0004/294628/WSRP-Database-of-ecological-flow-requirements-information-sheet.pdf
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Appendix 1. Measuring the economic value 
of the environment and natural 
resources 

This Appendix provides a short introduction to what economic values are and 

to the basic steps in environmental and natural resource valuation, economic 

valuation approaches, and value transfer. 

A1.1. Measuring the economic value of waterways, the environment 
and other natural resources 

Economic valuation involves measuring the value of goods and services in monetary terms. In simple 

terms, the economic value of a good or service is measured by what consumers, producers or 

governments are willing to pay to have the good or service provided, or equivalently, how much 

consumers, producers or governments would need to be compensated to forego the good or service 

[5]. 

Benefits are defined as any positive effect, material or otherwise, for which identifiable impacted 

parties are willing to pay. Costs are the value of the opportunities foregone because of the 

commitment of resources to a project, or the willingness to pay to avoid detrimental effects [5]. 

For example, the economic value of water in making a cup of coffee is measured by the maximum 

amount that the coffee maker would be willing to pay for that water. Similarly, the economic value of 

water to a consumer is the maximum amount they would be willing to pay for the water. The same 

approach is used to value water as an input to environmental goods and services, like habitat for 

wildlife and improved amenity. 

The difference between knowing the value of water when making a cup of coffee and the value of 

water as an input into maintaining habitat for wildlife or improved amenity is that cups of coffee are 

traded in an open market. Many environmental and social goods and services are not. Without 

market-observed prices for environmental and social goods and services, we need other approaches 

to estimate these values. These approaches are known as quasi-market and non-market valuation 

approaches. 

Over the past couple of decades, environmental valuation has grown as a discipline. Market and non-

market environmental valuation methods have been developed and refined. Valuation methods are 

advanced to the point that the Office of Impact Analysis (OIA), a division of the Department of the 

Prime Minister and Cabinet, recognises that market and non-market environmental valuation 

methods generally provide objective estimates of the value that the community places on 

environmental outcomes.  

https://oia.pmc.gov.au/resources/research-and-other-resources/environmental-valuation-and-uncertainty


 

 Non-market value of changes in river condition      Page 51 of 67 

 

In NSW, the Government Guide to Cost-Benefit Analysis (TPG23-08) states that all significant benefits 

should be valued in NSW Government cost-benefit analyses, that valuations should be based on best 

available evidence and that effort devoted to collecting evidence should be proportional to the 

significance of the cost or benefit stream, including market and non-market valuation as needed to 

provide evidence for the investment case. The NSW Interim Framework for Valuing Green 

Infrastructure and Public Spaces provides detailed guidance to support practitioners undertaking 

cost-benefit analysis of projects, programs and policies relating to green infrastructure and public 

space, and includes a comprehensive summary of approaches and values for blue and green 

infrastructure, including urban waterway condition. 

The case for using monetised environmental and social impacts varies according to circumstances. 

The case for using monetised environmental and social values is strongest and value estimates most 

accurate when [4]: 

• The environmental or social value being created, or lost, is the driver and a main impact of the 

project. Examples include enhanced liveability or the benefits associated with waterway 

management and protection activities. 

• There is a clear way to attribute the impacts of the investment or activity on the monetised social 

or environmental outcome being valued. 

Monetising social and environmental impacts and outcomes in these types of situations, while 

difficult and sometimes contentious, will typically help policy makers make trade-offs and decisions 

in a more considered, transparent and defensible way.  

Economic values are not financial values (prices) 

It is important to understand that economic values and financial values are not the same thing. 

People often use financial values where economic values should be used and vice versa. Caution 

needs to be taken when deciding whether economic values or financial values are relevant. 

The cup of coffee analogy is useful here: 

• The economic value of the cup of coffee is the maximum amount that a consumer would be 

willing to pay to get the cup of coffee. Similarly, the economic value of water in the cup of coffee 

is the maximum amount the coffee maker would be willing to pay for the water to make the cup 

of coffee. 

• The financial value is the price the consumer pays for the cup of coffee, and the price the coffee 

maker pays for the water from their water provider. 

For public policy and investment analysis, economic values are the relevant benefit value, not 

financial values. Clearly, in many cases the economic value of a good (how much the consumer would 

be willing to pay) will be higher than the price the consumer actually pays. This is especially the case 

when people buy goods and services in open markets. 

https://www.treasury.nsw.gov.au/sites/default/files/2023-04/tpg23-08_nsw-government-guide-to-cost-benefit-analysis_202304.pdf
https://www.dpie.nsw.gov.au/__data/assets/pdf_file/0005/502772/interim-framework-for-valuing-green-infrastructure-and-public-spaces-2022-03.pdf
https://www.dpie.nsw.gov.au/__data/assets/pdf_file/0005/502772/interim-framework-for-valuing-green-infrastructure-and-public-spaces-2022-03.pdf
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Economic values are not economic contribution impacts 

It is also important to understand that economic values are not economic contribution impacts. 

Economic contribution measures how economic activity contributes to the economy through market 

transactions and output. It is one way to measure the value that water makes towards society. The 

significance of an activity, and water as an input, is usually defined by its relative share of market 

transactions and output compared to other activities or sectors. 

Figure 3 shows a simplified example how the economic contribution of an investment in riparian 

fencing is measured in the NSW economy and how this differs from economic value. Components of 

economic contribution accounting are shown in blue.  

For a riparian fence: 

• Gross output is the amount paid for the riparian fence. Gross output is the cost of intermediate 

inputs (fencing material and fixed costs), wages, taxes net of subsidies and profits to the fencing 

suppliers and installers. 

• Gross value-added (GVA) is a subset of gross output. GVA is the total of all revenues, from final 

sales and (net) subsidies, which are incomes into local businesses. Those incomes are used to 

cover expenses (wages and salaries, dividends), savings (profits, depreciation), and (indirect) 

taxes. GVA represents economic returns on local capital and labour resources. It measures the 

true contribution of the economic activity to the economy because it measures economic value 

created within the community, excluding inputs from outside the community. 

• Economic activity generates salaries and thus employment. We measure employment is the 

number of full-time equivalent jobs generated and/or supported in the creation of local gross 

economic output and GVA. 

Figure 3 shows how the economic value of the riparian fence differs from the economic contribution 

impacts. The economic value is the one-off willingness to pay (in this case of the landowner, or some 

other party who wants the riparian fence in place) for the benefits the fence will provide. 

Cost-benefit analysis (CBA) is the preferred method of economic public policy assessment of the NSW 

Government. CBA relies on measurements of economic value – benefits and costs – not economic 

contributions. For this reason, we do not measure economic contribution in this report. 
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Figure 3: Economic value and economic impact contribution 

 

5.1.1 Economic values should be commensurate. 

There is one final important introductory valuation point. When comparing market and non-market 

values, we need to make sure we are assessing the values on a like with like valuation basis.  

Our evaluation framework, and the valuations in this report, aim to be commensurate so that they 

are directly comparable. Our economic value estimates in this report clearly identify the valuation 

basis, including whether values are at-source or at-site, long-term or short-term, total, marginal, or 

average values, and capitalised or per period values.  

These concepts are discussed further in [5]. In summary: 

• Economic value and demand can be measured at source or at site. For example, the at-source 

value of water is the willingness to pay for raw untreated water at the source, and the level of 

demand. The economic value of water at-site reflects the economic value of water delivered to 

the site of use (such as the household tap or the industrial site), and the associated demand. The 

at-site value typically exceeds the cost of at source values because it includes the costs incurred 

in storing, treating and delivering the water. 

• Economic value and demand can be measured over the long or short term. Short-term measures 

are related to how economic value and demand changes due to things like water restrictions 

during a year-long drought. In this context, short-term values and demand would reflect the 

economic cost of the restriction to a consumer and how much they would be willing to pay to 

prevent the water restriction from happening. Long-term measures are related to the economic 

value of goods delivered over a longer cycle. For example, the long-term supply value of water 

supply reliability measures the economic value of supply when supply factors are not fixed. Long-

term values and demand are more appropriate for evaluating the benefits of long run capital 

investment planning decisions. 
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• Economic values and demand are measured as total, average or marginal value. The total 

economic value and demand of a good or service is the amount someone is willing to pay in total 

for the total service and demand volume. The marginal value is the willingness to pay for an 

additional quantity of a good or service, or a change in the quality of the good or service. For 

example, the total value of water supply is the total amount an industrial customer would pay for 

a fixed volume that meets their required standards. The marginal willingness to pay is how much 

a customer is willing to pay for an increment in the volume of water demanded. The average 

value is the value derived from a volume of supply, divided by a unit of measure, such as 

megalitres (ML). Total, marginal and average values can be very different from each other, and 

can lead to different investment and risk management decisions. 

• Capitalised or per period values. Some economic values can be expressed per period (such as the 

economic return of a ML of water in irrigation in a given year) while others reflect the value of a 

capital asset (such as the value of a water entitlement which reflects the value of allocations to a 

water entitlement in perpetuity). In this report we differentiate between capitalised and per 

period values. 

5.1.2 With versus without – total and net benefits, costs and impacts 

When comparing the value of water in different uses and scenarios, the evaluation should be based 

on the ‘with versus without’ principle. This is different from comparing ‘before’ and ‘after’ the 

investments occur. 

The ‘with versus without’ principle means that only the benefits and costs of outcomes arising from 

investments should be attributed to the investments, not changes in outcomes that would occur 

without the investments anyway. Otherwise, the evaluation is likely to overstate the impacts of the 

investments. In economic terms this can be thought of as total versus net outcomes. For example: 

• the total benefit of improved water quality is the economic value of environmental outcomes 

that result from this improvement over a certain time period. The total improvement could result 

from investments from multiple parties including government, community groups and 

landholders. 

• the net benefit of improved water quality is the change in environmental outcomes that are 

directly attributable to the investments made by the funding program, less the (economic) costs 

of the investment that the benefits are attributed to. 

It is important to clearly distinguish between total and net benefits, costs, and impacts. Doing this 

reduces the risks that benefits, cost and impacts of investments are counted more than once or 

overstated. 
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A1.2. Basic steps in economic valuation of the environment and natural 
resources 

Valuing how changes to a natural resource asset or service affects the welfare of the community 

involves describing how the community values that asset and how changes to the asset or service will 

affect those values. This involves four basic steps (Table 25). 

Table 25: Basic steps in economic valuation of the environment and natural resources  

Step Description 

Describe the natural 
resource asset 

The idea here is to gain a good understanding of the natural resource asset in question 

and, by considering how it links in with other parts of the natural and man-made 

environment, determine the appropriate scope of the analysis of natural resource 

impacts. 

This first step involves describing the natural resource asset, in qualitative and 

quantitative terms. Key attributes include its scale and its physical and natural resource 

characteristics. This includes condition, location relative to key populations, key flora 

and fauna that live in the area and their land use, the ways in which the (human) 

community use the area in its current form and their land use patterns in the area’s 

vicinity. 

This process will involve reviews of scientific literature and discussions with experts in 

the field. In determining the appropriate boundaries of the natural resource asset in 

question, you may need to consider the underlying physical and biological process, 

how ‘connected’ the area in question is to other natural resource assets, and whether 

they need to be considered together? 

Describe how the 
natural resource 
asset or service 
benefits the 
community via 
endpoints 

The next step is to consider how the community – local, national and potentially 

international – values the natural resource asset. In other words, how the existence of 

the asset makes the community better (or worse) off. 

Natural resources can be viewed as producing a range of ‘goods and services’ which 

are in turn valued by people. In identifying how changes in a particular natural resource 

asset will impact on community wellbeing, it is important to draw out the nature of the 

goods and services provided by that particular asset, and how endpoints change when 

the natural resource good or service changes. 

Example of water resource endpoints include: 

• recreation: an endpoint of water availability and quality is that water is suitable for 
primary contact recreation. 

• irrigation: water is available for production uses. The endpoint is production 
output. 

• urban: water is available for indoor and outdoor uses. The endpoint are the 
outcomes of the use – things like green gardens, water available for drinking. 
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environment: the endpoint are the flora and fauna supported by the water 

made available. 

Describe how these 
endpoint benefits 
are likely to change 

The third step in describing the natural resource impacts of a natural resource change 

is to determine the likely effect of a policy change or an alternative intervention on the 

identified natural resource endpoints, compared with a business-as-usual ‘baseline’. 

Determining a natural resource baseline for the asset in question is necessary as it is 

against this that the impacts of a policy change will be assessed. Starting with the 

description of the current state of the natural resource asset (as outlined in Steps 1 and 

2) the baseline describes what is likely to happen to the asset – and the identified 

endpoints – under the existing policy arrangements. It is important to note that the 

baseline is not just the existing state of the asset, but also expectations about the likely 

state of the asset, and endpoints, into the future considering a business-as-usual 

approach. 

Once a baseline scenario has been established, alternative scenarios, representing 

alternative policy settings, need to be identified. Essentially, the alternative scenarios 

examine the impact on the identified endpoints of changing important assumptions 

about the future. Importantly, developing alternative scenarios will depend not only on 

policy changes and ecological responses, but also on how individuals will respond to 

the policy changes. 

The assessment also needs to reflect any knowledge gaps or uncertainties in the 

analysis. While this is true whether you are making a qualitative or quantitative 

assessment, it is also the case that the use of quantitative assessments without 

identification any of the uncertainties involved in their estimation may create the 

impression of false accuracy. As a result, it is particularly important to be clear about 

any assumptions or caveats underlying such estimates. 

Value the natural 
resource endpoint 
changes 

The economic value of something is different from its financial price. For example, it’s 

free to go for a run along the Tarago Trail (i.e. the financial price is zero) but the fact 

that you are choosing to run along the trail rather than do something else shows that it 

has (economic) value to you. Another way of thinking about value is that it’s the 

amount of ‘wellbeing’ or ‘utility’ you get from going for the run. 

• In natural resource valuation for investment analysis using benefit cost analysis or 
regulatory impact assessments, we are primarily interested in economic value, not 
just price. 

• Like all goods and services, natural resource endpoints can be valued in different 
ways. The sum of these values is referred to as the total economic value (TEV). The 
TEV of something is the sum of its: 

• Use values, including: 
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– Direct use values – resulting from the direct human use of the environment. 

These uses can be consumptive, such as via crops, mining, livestock or fishing; 

or non-market, such as recreational use of the environment, or 

spiritual/cultural uses. 

– Indirect use values – these are the values that people hold for the regulation 

services provided by species and ecosystems. Specific examples include pest 

control, water purification and soil fertility. 

• Non-use values, including: 

– Altruism/bequest value – this is the value that individual attaches to the fact 

that others (whether in this generation or future generations) will be able to 

benefit from the environment. 

– Existence value – this is satisfaction gained by the knowledge that a natural 

resource asset exists. 

A1.3. Natural resource economic valuation approaches 

In the last thirty years, a significant body of economic research has been developed looking at the 

question of how to value non-market goods and services, and several increasingly sophisticated 

methodologies have emerged. These methodologies take two broad forms: revealed preference 

methods and stated preference methods. 

Table 26: Economic valuation approaches 

Method Description 

Revealed preference methods Analyse observed behaviour to impute the dollar value that people place 

on environmental goods and services. For example, the economic value 

of a waterway can in part be valued by the difference in people’s 

willingness to pay for homes fronting the waterway compared to 

otherwise similar homes that don’t front the waterway. The value is 

revealed through the market price difference between the homes. 

Stated preference methods Use surveys to estimate how much money people would be willing to pay 

to obtain an environmental good or service endpoint. For example, we 

can run a survey to see how much people are willing to pay to improve 

waterway condition from a degraded to less degraded condition. 

 

Table 27 provides a very short introduction to the main revealed and stated preference valuation 

methods available, the types of environmental values that can be estimated with them, and their 

strengths and weaknesses. Interested readers can consult the Productivity Commission staff paper 

on non-market valuation for more information on these methods.  

https://www.pc.gov.au/research/supporting/non-market-valuation/non-market-valuation.pdf
https://www.pc.gov.au/research/supporting/non-market-valuation/non-market-valuation.pdf
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The valuation approaches described are well accepted within the conventional economic literature 

and have been applied in practice within Australia and internationally. The valuation methods 

Marsden Jacob have used in the NSW waterway system evaluation are summarised in the main 

report. 

Table 27: Main revealed and stated preference valuation methods 

Valuation method Type of values 

estimated 

Overview Advantages Disadvantages 

Adjusted market 

prices 

Direct use. Market prices are 

adjusted for 

distortions such as 

taxes, subsidies and 

non- competitive 

practices. 

Based on adjusted 

market prices, this 

method reflects 

actual behaviour. 

Market prices may not 

be efficient 

Need to ensure 

appropriate cost 

attribution if 

‘travel cost’ is 

contentious. 

Production function 

methods 

Indirect use 

(commercial and 

recreational 

fishing, storm and 

flood protection). 

Estimation of 

production 

functions to isolate 

the effect of 

ecosystem services 

as inputs into the 

production process. 

Production process 

can apply to 

households or 

businesses. 

Provided data exists, 

results are robust 

and defendable 

(based on 

commercial data). 

Relevant to 

Australian irrigated 

agriculture and 

domestic 

consumption. 

Limited to specific 

ecosystem services 

such as fish breeding 

habitat or flood and 

storm protection. 

Requires detailed data 

on relationship 

between watershed 

and economic 

function. 

Avoided cost 

(expected damage 

function) 

Indirect use (flood 

damage, storm 

damage). 

Calculates the costs 

that are avoided by 

not allowing 

ecosystem services 

to degrade. 

Technically robust 

and built upon 

economic data – 

produces robust, 

reliable results. 

Requires detailed data 

on relationship 

between watershed 

and economic damage 

due to extreme 

events. 

Avoided cost 

(replacement cost) 

Indirect use (flood 

and storm 

mitigation, water 

purification and 

habitat provision). 

Calculates the costs 

that would need to 

be incurred to 

deliver services 

provided by the 

ecosystem. 

Less technically 

demanding than 

other tools. 

Methodological 

limitation – assumes 

cost equals value, but 

value may be much 

higher. 
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External factors 

impact valuation – as 

such, produces less 

robust results than 

other tools. 

Averting behaviour Direct use 

(ecosystem 

health). 

Calculates the costs 

incurred to avoid 

negative impacts of 

ecosystem change. 

Based on revealed 

preferences, it 

reflects actual 

behaviour. 

Data requirements are 

high. 

Hedonic pricing Direct and indirect 

use (active use, 

aesthetics). 

Statistically robust. 

Based on revealed 

preferences 

Appropriate data 

sets already exist. 

Relevant to the 

Australian context 

where proximity to 

high value water 

bodies affects 

property values. 

Empirically based. 

Appropriate data 

sets already exist. 

Relatively easy to 

model. 

Relevant to the 

Australian context 

where proximity to 

high value water 

bodies affects 

property values. 

Data sets expensive to 

purchase. 

 

Contingent 

behaviour 

Indirect use 

(tourism). 

Useful for valuing 

incremental 

changes to 

watershed health 

(strong link to 

measure economic 

implications of 

management 

changes). 

Allows estimation of 

values not observed 

in markets, or 

through market 

transactions. 

Technically 

demanding. 

Stated preference 

tools are considered 

less reliable than 

revealed preference 

tools. 

Choice modelling Non-use values. Sophisticated tool 

that can reveal 

values for different 

aspects of 

ecosystem services. 

Technically 

demanding and 

potentially expensive. 

Requires the 

development of clear, 

well understood 

scenarios to survey 

respondents. 
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Considered more 

robust than other 

stated preference 

tools. 

Contingent 

valuation 

Non-use values. Useful for scenarios 

in which one clear 

alternative 

watershed state 

exists. 

Technically 

demanding. 

Subject to 

methodological 

criticism within the 

economic field (bias, 

queries around the 

robustness of the 

results). 

Benefit/Value transfer 

In an ideal world, environmental values would be estimated for each proposed policy, considering all 

the details of the specific policy. However, the use of primary research to estimate environmental 

values can be costly and time-consuming, and in real world policy processes the time and money 

required often is not available. 

‘Value transfer’ is the process of estimating environmental values in a location of interest (the policy 

site) by transferring values from studies already completed in another location (the study site). This 

removes the need for primary research. 

There is a need to exercise care transferring data from one study to another. Evidence [4, 12] 

suggests that transferring estimates from one context to another is likely very imprecise (and likely 

misleading) unless there is a high degree of similarity between the study and policy contexts (in 

terms of the environmental features, policy outcomes and population characteristics). 

Value transfer requires judgement and analysis of both the source study and the policy site. Good 

value transfer practices are shown in Table 28. 

Table 28: Value transfer good practices  

Practice Summary Points 

Select ‘good quality’ studies The key tests here is whether the study does what it purports to do, which is 

to estimate the willingness to pay for a particular environmental good. Our 

criteria for selecting good quality environmental valuation studies include that 

they: 

Are in peer-reviewed journals or books. This implies the study is more 

likely to have been well conducted and the appropriate statistical 

techniques used. 
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Are done after 2000. This reflects that valuation methodologies (in 

particular, stated preference valuation studies) have been improving 

over time. 

Use sample sizes >500 respondents selected from the general 

population (for survey-based valuation methods). Larger and more 

representative samples mean we can generalise values with more 

confidence. 

Are appropriate to the location. Generally, we look for studies that 

have similar site-specific characteristics, and similar proximity to 

populations. More broadly, for NSW valuation work we look in the 

order of: studies from NSW, other regions in Southeast Australia, 

other Australia, then high-income OECD countries 

Are limited to values that can be readily transferred. Generally, this 

means environmental values are expressed in $ per hectare or $ per 

household data. 

Are not engineering cost estimates (not costs or avoided cost 

estimates). 

Minimise transfer errors Adapting estimates from one context to another requires technical skills as 

well as an understanding of the key drivers of values, how they differ between 

sites and a good dollop of common sense. In any value transfer exercise, the 

person doing the transfer should compare the primary study to the project 

outcomes they are expecting (for example water quality, or riparian 

rehabilitation). They should consider whether adjustments should be made for 

the following: 

The type and extent of environmental change. For example, 

estimates of the value of improvements to a specific wetland should 

not be extrapolated to an entire river basin.  

The type and extent of change from the status quo. For example, 

estimates of the value of creating a new wetland in a degraded site 

should not be transferred to a wetland improvement project where 

the site is much less degraded. 

The population impacted. For example, estimates of the value of 

wetlands in Europe should not be transferred to Australia without 

making adjustments for differences in standards of living. 

The time. For example, values should be adjusted for CPI. In addition, 

policy makers should also consider whether a study from 25 years 

ago is still relevant today, or whether community preferences, and 

therefore values for environmental values, are likely to have changed 

over that time period.  

Confidence intervals. The confidence intervals from the original study 

should be applied, where available. This will give a valuation range 

that the real value is likely to fall within. This is better than reporting 

point estimates. 
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Report value ranges not point 

estimates, and be clear on 

limitations 

Present a range of estimates. The analysis should not rely on a point estimate 

of the value of the environmental asset in question. Value transfer is not an 

exact science, and differences between the value estimated by value transfer 

and the ‘true’ valuation have been found to be up to 100%, even in the best 

examples of value transfer. As such, the evaluation should contain a sensitivity 

analysis of the transferred value; ranges of values may be based on confidence 

levels in the source study or based on the ranges found in similar studies. 

This includes clearly pointing out that the values transferred were not 

estimated with reference to the specific environmental changes being 

examined in the study, and that as a result there remains some uncertainty 

about the community’s willingness to pay. At best, value transfer can provide 

an indication of the order of magnitude of the community’s willingness to pay 

for environmental services. 
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Appendix 2. Corroborating evidence: 
Economic value of waterway 
condition meta-analysis 
methodology 

This Appendix sets out the corroborating evidence, the meta-analysis approach 

used for estimating willingness to pay for kilometres of healthy NSW 

waterways.   

Estimates of household willingness to pay for lengths of river that can be improved towards good 

health are based on a meta-analysis of Australian studies that have measured willingness to pay for 

river health [9].  The meta-analysis was performed by collating willingness-to-pay estimates from 

primary valuation studies for improved river health in Australia over a 15-year period, from 2000 to 

2015, and then analysing them with different regression models to generate a predictive function for 

the willingness to pay value. The meta-analysis involved 51 individual value estimates of willingness 

to pay (WTP) for river health from 17 separate valuation studies across six states. 

The meta-analysis model specifications are shown in Table 29 together with the assumed values used 

in the value-transfer and the result (coefficient x assumed value). Estimates of the river length and % 

of river in good condition are based on the NSW River Styles spatial dataset and exclude reaches 

below Menindee Lakes.  Estimates of age and income are based on NSW ABS data. Other values are 

assumed based on previous literature and are set to yield credible valuation estimates. 

We note that the negative coefficients on the river length attribute and the percentage in good 

condition now attribute are reflective of diminishing marginal returns from scale. In other words, 

willingness to pay per kilometre of waterway in good health fall as the length of river increases and / 

or the % of river already in good health increases.  

Using the model parameters, estimates of one-off willingness to pay per household using this 

approach are in the order of $4.81 per kilometre of Barwon-Darling waterway health in very good 

condition, measured in $2025, and $4.81 per kilometre for the tributaries. In the analysis in the 

report, these one-off values were converted to 40-year PV values.  

 

 

https://datasets.seed.nsw.gov.au/dataset/new-south-wales-river-styles-spatial-dataset
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Table 29:  Meta-analysis regression model outputs for the Barwon-Darling River from Rolfe et al 

2015. 

 Variable Random effects model with heteroskedasticity (White) 

corrector 

Weighting used Coefficient Assumed Value Calculation Result 

Constant −11.441* 1 1*-11.441 -11.441 

Years from 2000 0.203*** 25 24*0.203 5.08 

DV for annual payment 4.328*** 1 1*4.328 4.33 

DV for Murray Darling −0.615*** 1 1*-0.615 -0.62 

River length -0.0001*** 1,836 1,836*0 -0.20  

Percent good condition now −0.029*** 36% 36%*0.029 -0.01 

DV if levels shown only as % amounts 3.838*** 0 0*3.888 - 

Response rate 0.035*** 80% 0.035*80% 0.03 

Average age in sample −0.069** 42 42*-0.069 -2.90 

Log of average income in sample 2.034* 4.69 4.69*2.034 9.56 

DV if published −0.673** 1 1*-0.673 -0.67 

DV if DV not initially assessed in kms −3.674*** .5 .5*−3.674 -1.84 

Number of observations 51    

Random effects model R- Squared 0.957    

Predicted value AUD 2015 (per 1 km of river 

health improvement)  

   $3.73 

Predicted value AUD 2025 (per 1 km of river 

health improvement)  

   $4.81 

Note: ***, **, * indicates statistical significance at the 1%, 5% and 10% respectively. 

 

Table 30:  Meta-analysis regression model outputs for the tributaries from Rolfe et al 2015. 

 Variable Random effects model with heteroskedasticity (White) 

corrector 
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Weighting used Coefficient Assumed Value Calculation Result 

Constant −11.441* 1 1*-11.441 -11.441 

Years from 2000 0.203*** 25 24*0.203 5.08 

DV for annual payment 4.328*** 1 1*4.328 4.33 

DV for Murray Darling −0.615*** 1 1*-0.615 -0.62 

River length -0.0001*** 1,832 1,832*0 -0.20  

Percent good condition now −0.029*** 26% 26%*0.029 -0.01 

DV if levels shown only as % amounts 3.838*** 0 0*3.888 - 

Response rate 0.035*** 80% 0.035*80% 0.03 

Average age in sample −0.069** 42 42*-0.069 -2.90 

Log of average income in sample 2.034* 4.69 4.69*2.034 9.56 

DV if published −0.673** 1 1*-0.673 -0.67 

DV if DV not initially assessed in kms −3.674*** .5 .5*−3.674 -1.84 

Number of observations 51    

Random effects model R- Squared 0.957    

Predicted value AUD 2015 (per 1 km of river 

health improvement)  

   $3.73 

Predicted value AUD 2025 (per 1 km of river 

health improvement)  

   $4.82 

Note: ***, **, * indicates statistical significance at the 1%, 5% and 10% respectively. 

 

Current evidence suggests that Australian households generally place low economic values on 

degraded waterways, and similar values on high amenity waterways as they do for high ecological 

integrity waterways [1, 2]. Based on this evidence, for value transfer, we assume NSW households 

have a low willingness to pay for poor and very poor condition waterways across all waterways in 

NSW. We also assume willingness to pay increases for moderate and better condition, following a 

sigmoid transformation to reflect diminishing marginal values as the waterway condition improves to 

very good condition. 
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Using the assumptions above, we estimate willingness to pay per km of waterway based on its 

current condition and use these estimates in value transfer for NSW waterways.  Figure 4 shows 

estimated willingness to pay for NSW waterways based on the meta-analysis results and expressed in 

$2010 and $2025 using a 100-point scale for waterway condition and the assumptions above. Under 

the assumed willingness to pay function, households have low willingness to pay for poor and very 

poor condition waterways – less than $1 per kilometre – and a willingness to pay of around $4.81-

$4.82 per kilometre per household one-off for very good condition waterways (for the Barwon-

Darling and its tributaries respectively). Between these conditions, we assume willingness to pay 

rises in a sigmoid manner. 

Figure 4: Household willingness to pay for improved river length health as function of Waterway 

Condition Index (100-point scale) 

 

Adjusting for the length of waterways that can be improved to good condition  

Differences in length (scale) between source and target sites can have a major impact on the 

accuracy of unit values for benefit transfer purposes. Essentially unit values are lower as larger and 

larger quantities of the environmental good are considered. While there may be many reasons for 

this, there are two that are particularly relevant are: 

• Diminishing marginal utility – as more and more units of an environmental good are available, 

the relative importance of a single unit is lower (e.g. the per kilometre willingness to pay to 

preserve 10 kilometres of high valued waterway is likely higher than the willingness to pay per 

kilometre to preserve 1,000 kilometres of high valued waterway). 

• Changes in reference frame – as the reference frame changes from a particular issue to broader 

scales, the opportunity cost of support increases, with more alternatives for support becoming 

available. Broadening out the topic from a local issue to regional, state, national or international 

perspectives has the effect of diminishing the importance of a particular asset and the 

corresponding willingness to pay (WTP) estimates. 
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The effects of scale on the value transfer estimates have been most noticeable when values from 

studies using smaller scales have been transferred to larger regional and global levels, with the 

resulting estimates of WTP being too high to be plausible [13-15]. The implication is that benefit 

transfer is only accurate between environmental situations that have similar scales, otherwise some 

additional adjustment process is needed. 

As discussed above, the meta-analysis (Table 15) includes variables for the total river length and the 

length of river in good condition now.  The coefficients for both these variables are negative and 

statistically significant.  This shows that (1) households are willingness to pay less per kilometre of 

waterway improvement to good condition on longer rivers, and that (2) households are generally 

willing to pay less to improve kilometres of waterway to good condition as the percentage of river 

length already in good health increases. This means that the meta-analysis already provides some 

adjustments for scale effects relating to total river length and river length condition.   

However, the meta-analysis does not control directly for scale effects in the number of kilometres of 

potential waterway improvement – that is, the number of kilometres of additional waterway health 

that are actually improvable. Not accounting for this scale effect has the potential of overstating 

willingness to pay for river health improvements.  To control for this potential overstating of benefit, 

in this evaluation we only apply the willingness to pay function to lengths of waterway that are in 

‘moderate’ to good condition (not in ‘very good’ condition).  

 

 


