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Abstract 
 
Wetlands on private land generate both private and social values.  The nature of these values is 
dependent on the biophysical status of the wetlands.  Changes in land, vegetation and water 
management can alter the biophysical status of wetlands and hence the values generated by wetlands.  
Bio-economic modelling of changes to wetland management incorporates the biological and economic 
impacts at a landscape scale.  In this Research Report we discuss the findings of a bio-economic model 
for wetlands on the Murrumbidgee River floodplain (MRF) in New South Wales.  Changing wetland 
management by changing grazing and timber harvesting practices and modifying flooding regimes 
generates significant values.  Wetland owners incur many of the costs of changing wetland 
management while irrigators may also incur large costs.  Conversely, the benefits are largely dependent 
on non-use environmental values held by the wider community.  Hence, the values generated may or 
may not be greater than the costs of the change depending on the environmental values that result.  The 
bio-economic modelling, including predictions of the scale and distribution of costs and benefits can be 
used to help determine appropriate incentives at the farm scale and the catchment scale to facilitate 
wetland protection on private land. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
About the Private and Social Values of Wetlands Research Project 
 
Wetlands generate values enjoyed by their owners and the wider community.  Individual wetland 
owners manage wetlands for income generating purposes such as grazing and in some cases hunting 
and eco-tourism.  These are private values from wetlands.  Private owners, through the way they 
manage their wetlands, can change the availability of their wetlands for recreation or wildlife habitat 
that the community enjoys.  These are social or community values of wetlands.  In this project, the 
trade-offs wetland owners and the community face when making decisions about how to use their 
wetlands are being examined.  This information will help the community to achieve better use of 
wetland resources on private lands.   
 
There are five main steps to achieving our main goal of better wetland resource use on private land: 
1. Model the changes in the physical attributes of wetlands resulting from alternative uses 

(biophysical modelling); 
2. Estimate the community’s value of the commercial (private) and non-market (social) outputs of 

alternative wetland uses (economic valuation); 
3. Incorporate the value estimates into the biological modelling framework to establish the value 

trade-offs of alternative uses (bio-economic modelling); 
4. Investigate alternative institutional frameworks that would give private wetland owners incentives 

to manage their wetlands in ways which maximise net community benefit; and, 
5. Generalise the research findings to wetlands Australia wide. 
 
Two case studies in differing locations with differing mixes of alternative wetland uses and wetland 
values have been selected for analysis: 
• The Upper South East (USE) of South Australia; and, 
• The Murrumbidgee River floodplain (MRF) between Wagga Wagga and Hay in New South Wales 
Prior research reports from the project can be found at: apsem.anu.edu.au/staff/jbennettr.html. 



 

   

1

 
 

1 Introduction 
 
A set of potential management strategies for wetlands on the Murrumbidgee River Floodplain (MRF) 
between Wagga Wagga and Hay were proposed in Research Report 6.  The implementation of these 
strategies would significantly change the biophysical attributes of some MRF wetlands.  As the 
biophysical state of the wetlands affects the welfare of the broader community, the community may 
wish to influence the management of MRF wetlands on private land.  Influencing wetland management 
requires information regarding the impacts of alternative policies that affect wetland outputs that can be 
delivered, in part, via bio-economic modelling.  The likely impact of adopting changes to wetland 
management on the well being of society is examined in this Research Report using such a model.  The 
information from the bio-economic model allows policies to be targeted to minimise waste and 
maximise the probability of successfully achieving management change. 
 
Prediction of the biophysical outcomes of changing wetland management and continuing with current 
management was presented in Research Report 6.  These predictions built on the biophysical and 
management context of MRF wetlands presented in Research Reports 4 and 5.  In this Research 
Report, the biophysical information is combined with the economic outcomes of adopting the wetland 
management strategies proposed.  Combining the biophysical and econom ic information allows 
prediction of the changes to society’s well being that will result from changing wetland management 
and hence a basis for designing appropriate policies to achieve that change.  Monetary and non-
monetary values are included in the bio-economic model presented in this Research Report because 
adoption of the management changes would lead to a range of private and social costs and benefits.  
Estimations of the non-monetary values are reported in Research Report 8.  Previous Research Reports 
are referred to in some places and a text box notes the findings of relevance at these points.  Previous 
Research Reports are also available electronically at apsem.anu.edu.au/staff/jbennettr.html should the 
reader require additional information.1 
 
In this Research Report, the results of bio-economic modelling of a set of potential wetland 
management strategies in the MRF in New South Wales are described.  The biophysical modelling 
undertaken in Research Report 6 is merged with the non-monetary values reported in Research Report 
8 and estimates of the costs of changing wetland management.  The report is divided into two parts.  In 
the first part, the theoretical framework underlying the bio-economic modelling process described.  The 
results of the biophysical modelling of wetland management strategies in the MRF region are then 
briefly revisited.  In Part B of the Research Report, the biophysical outcomes are combined with the 
economic modelling (that is the bio-economic model is reported).  The first step  in the economic 
component of bio-economic modelling is to define the costs and benefits of adopting the management 
strategies.  The second step is to quantify the costs and benefits that were identified.  Assessing the 
distribution of the costs and benefits along with the risk and uncertainty associated with various costs 
and benefits comprise the remaining steps in the analysis.  The Research Report concludes with a brief 
discussion of the policy implications of the bio-economic model and an outline of the final stage of 
‘The Private and Social Values of Wetlands’ research project. 
 
Research Report 10 follows the same format as Research Report 9 and parts of Section 2 are 
identical.  Readers familiar with Research Report 9 or the theory of cost-benefit analysis may wish to 
skip Section 2 and recommence at Section 3.  Readers familiar with Research Report 6 may wish to 
skip Section 3 and recommence at Part B. 
 

Part A: Theoretical framework and biophysical information 

2 Theoretical framework 
 
The concept of cost-benefit analysis underlies the development of a bio-economic model.  This is 
because bio-economic modelling involves the assessment of the change in the values afforded to the 

                                                                 
1 Hard copies of previous Research Reports are also available from the authors – contact details on 
page ii. 
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community from changes to wetland management.  Hence, bio-economic modelling is a three-stage 
process: 
1. Biophysical modelling – modelling of changes in the biophysical status of wetlands (see Box 1 for 

a summary of the key points from Research Report 6); 
2. Economic modelling – modelling of community values associated with wetlands; and, 
3. Consolidation into bio-economic modelling – modelling of the changes in community benefits as a 

result of changes in the biophysical status of wetlands.   
 
Box 1: Potential wetland management strategies – Murrumbidgee River Floodplain Wagga Wagga 

to Hay (Research Report 6) 
• Five wetland management strategies were developed and defined for the MRF including ‘business 

as usual’. 
• ‘Business as usual’ (BAU) reflected the fact that environmental outcomes may continue to degrade 

without changes to management – hence there is no ‘cost-free’ option. 
• Adoption of the alternative strategies required a change in land and water use for only a relatively 

small proportion of the total MRF resource base. 
• The potential strategies were compared 15 years from now allowing the main impacts of land 

management changes to occur. 
• The biophysical outcomes for wetlands in 15 years differed significantly across the range of 

potential strategies as measured by the agricultural and environmental outputs generated.  These 
outcomes are shown in Table 2. 

 
Cost-benefit analysis compares the net social benefits of alternative courses of action (Department of 
Finance 1991, Turner, Pearce and Bateman 1994).  There are three key features of a cost benefit 
analysis (Department of Finance 1991): 
• The benefits and costs evaluated relate to society as a whole rather than to particular individuals.  

Furthermore, the benefits and costs extend to non-market transactions. 
• Since costs are subtracted from benefits to assess the net benefit to society, they must be 

comparable.  Hence, all costs and benefits are converted to monetary amounts.  Where conversion 
is not possible the benefits or costs are defined and described in non-monetary terms for 
assessment by decision-makers. 

• Costs and benefits occurring at different points in time are compared via discounting to a present 
value.  This is necessary as resource use changes may take time to have an impact (that is, to 
generate a benefit) while costs are often immediate. 

 
2.1 Steps involved in cost-benefit analysis 
 
The practical application of a cost-benefit analysis can be divided into a set of consistent steps as 
follows:2 
1. Definition of the project: Comprising assessment of the reallocation of resources that is proposed 

by the alternative management strategies and the population of gainers and losers of relevance.  In 
the case of the MRF wetlands, the resource reallocation is from grazing, timber harvesting and 
irrigation related activities to wetland management. 

2. Identification of the project impacts that are economically relevant: Comprising a listing of the 
reallocated resources that have an impact on one or more individuals.  For example, if MRF 
wetlands improve water quality, but there are no resulting individual benefits either directly or 
indirectly, then the improvement is not economically relevant.  Current resource allocations (BAU 
allocations) and their future impacts must also be defined in this step because reallocation is 
relative to the current allocation.  That is, a continuation of current resource allocations may result 
in continued degradation of environmental outcomes that must be identified and included.  Cost-
benefit analysis is explicitly anthropocentric as it only considers the impacts of the change to the 
values generated to humans.  Furthermore, only the outcomes of the reallocation are considered, 
the processes are not relevant. 

3. Physical quantification of the relevant project impacts: This step involves the physical 
quantification of the resource flows that are reallocated and their impacts on outcomes.  For 
example, how much water is reallocated from agricultural use to wetlands, and what are the 
changes to timber yields.  The outcomes of BAU are also quantified as part of this step.  For 

                                                                 
2 This section is largely drawn from Hanley and Spash (1993), and Sinden and Thampapillai (1995). 
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example, any deterioration in the quality of wetlands through time under BAU should be included 
in this step.  This is in essence the output of the biophysical modelling phase. 

4. Monetary valuation of the relevant project impacts: In order to compare differing physical impacts 
they need to be converted to a common comparative unit.  Economists use money as this unit as 
changes in marketed resource flows are already comparable in monetary terms.  Other tasks 
involved in monetary valuation include: prediction of prices for changes in resource allocation that 
extend into the future (for example, the reduction in future timber harvests); correction of market 
prices for externalities; and, estimation of non-market values.  The valuation process produces 
these value estimates. 

5. Discounting of cost and benefit flows: Reallocation of resource use will result in benefit and cost 
flows changing now and into the future.  However, the time preferences of individuals mean that 
they prefer an identical gain now to one in several years time (that is $10 now is preferred to $10 
in several years time, even if inflation is zero).  Hence, future cost and benefit flows need to be 
discounted back to present values to facilitate comparison against flows at different points in time.  

6. Aggregation: The main goal of cost-benefit analysis is to select projects that improve the well 
being of society.  Cost benefit analysis specifically recognises that there is no cost free outcome by 
comparing the reduced future benefits of BAU against the costs of changing management and the 
benefits so generated.  The test of improvement is via the net present value (NPV) criteria.  The 
NPV criterion involves comparing the sum of discounted gains to the sum of discounted costs.   

7. Distribution of gains and losses: The gainers from adopting a project are likely to differ from the 
losers.  In some analyses (but not in this report) this is incorporated by applying differential 
weights to the costs and benefits of gainers and losers.  Cost-benefit analyses are int ended to 
identify resource allocations that improve the total welfare of society.  Inclusion of no weights 
implies that the marginal utility of income across all gainers and losers is constant.  Thus, the 
inclusion of weights can allow for differing marginal utilities across different groups within 
society.  The inclusion of such weights is often contentious due to the subjective manner in which 
they are usually defined. 

8. Sensitivity analysis: The information included in a cost-benefit analysis is often uncertain or 
subject to a known risk.3  The risk and uncertainty arises due to the need to make predictions about 
changes to future flows of resources and the benefits and costs of those flows.  Sensitivity analysis 
is conducted by changing the predictions and recalculating the NPV.  Sensitivity analysis is 
normally conducted on factors including the discount rate, resource flows, resource prices, and, the 
life span of the project. 

 
Steps 1 to 3 were reported in Research Reports 4 and 6 (See Boxes 1 and 2 for more information).  
They are briefly revisited in the next section.  Steps 4 to 8 are related in part two of this Research 
Report. 
 

3 MRF biophysical modelling  
 
In this section, the first three steps of a cost-benefit analysis for changing wetland management 
strategies on the MRF are briefly described.  The analysis presented in this section is available in more 
detail in Research Reports 4 to 6 (see Boxes 2 and 3 for more information).   
 
Box 2: Wetland ecosystems and landuse in the M urrumbidgee catchment – Wagga Wagga to Hay 
and including Mirrool Creek (Research Report 4) 
• The range and type of private and social values attributable to wetlands in the MRF region were 

detailed. 
• The scope of potential management changes available to wetland managers in the region was 

identified. 
• The type and scope of interactions between management actions and biophysical status that would 

need to be modelled in Research Report 6 was defined.  This also facilitated definition of the 
boundaries for the case study. 

 

                                                                 
3 A situation involving risk is defined as one in which the probability of different outcomes is known.  
Uncertainty is characterised by unknown probabilities. 
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Box 3: Farmer perceptions of wetlands and wetland management on the Murrumbidgee River 
Floodplain between Wagga Wagga and Hay and including Mirrool Creek (Research Report 5) 
• The results of a survey of MRF wetland owners about the values they and the community draw 

from their wetlands were reported.  The results included details about current strategies for 
wetland management and the incentives wetland owners received for wetland management 
activities.  

• Monetary and non-monetary values are generated wetlands to wetland owners.  These values are 
traded-off when making decisions about wetland management. 

• The benefits and costs to wetland owners are influenced by wetland type, physical operating 
constraints and socio-economic factors. 

 
The first step of a cost-benefit analysis is the definition of an appropriate spatial and temporal context 
within which resources are reallocated.  The spatial scale is chosen to encompass the area for which 
management changes are considered.  At the same time, any impacts beyond the study area must also 
be included within the model.  That is the complete impacts of management changes must be 
incorporated in the modelling.  The boundaries for the MRF region were defined by reference to the 
extent of the floodplain between Wagga Wagga and Hay (as defined by the largest flood on record).  
The temporal context is determined by the time for management changes to generate values and is 
limited by the affect of discounting on values.  Management changes will have the majority of their 
impacts within the first fifteen years as shown in Research Report 6 and will continue to generate 
values for the foreseeable future.  The temporal context selected is values generated over the next thirty 
years because this allows the benefits of changing management to be incorporated while forecasting 
outcomes beyond this period becomes increasingly difficult. 
 
The next two steps incorporate biophysical modelling: that is, the compilation of the biophysical 
information underlying each element of the cost-benefit analysis.  Biophysical modelling has three 
main components:   
1. The identification of the biophysical factors in wetlands that drive private and social values.   
2. The prediction (including quantification) of the outcomes, in terms of changes to biophysical 

factors, under different landscape scale management strategies.  This includes prediction of the 
outcomes of BAU.  That is, no changes to management but continued changes to outcomes. 

3. The prediction (including quantification) of the time and path of the biophysical factors for each of 
the potential outcomes of different landscape scale management strategies.   

In practice, it is difficult to distinguish step 2 from step 3.  This is because wetlands, like all 
ecosystems, are in a continual state of change and flux.  Hence, outcomes will continue to change over 
time with and without changes to management.  Potential physical changes to wetland management 
practices (such as additional fencing) are also defined during the second and third steps of the 
biophysical modelling process.  
 
Both the biophysical and economic elements of cost-benefit analysis are based on the concept of the 
margin.  Each management strategy that was defined during the biophysical analysis involved 
reallocation of a relatively small proportion of total resource use within the MRF.  This relatively small 
proportion is referred to as ‘the margin’.4  Despite the relatively small area for which the landuse 
changes, the changes are posited to impact significantly on the costs and benefits of the system being 
modelled. 
  
Identification of economically relevant project impacts 
 
As a precursor to the biophysical modelling, an extensive literature review of the information available 
relating to wetlands on the MRF and the values drawn from wetlands more generally was undertaken 
(see Research Report 4).  The literature review indicated an extensive array of values available from 
MRF wetlands that can be divided between purely private values and values that are both private and 
social in nature.  All activities that yield purely private values involve some modification to the 
wetlands.  Some of the social values, for example tourism and recreation, also involve wetland 

                                                                 
4 Definable impacts may occur beyond the area that has changed landuse, that is, beyond boundaries of 
changed landuse.  These are ‘externalities’ of changes in land management and are also included in the 
analysis.  For example, were wetland management changes to significantly affect fish stocks outside 
the study area then these impacts would need to be included.  The difficulty of defining appropriate 
limits to the analysis of changes is a potential weakness of the study. 
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modification.  However, the environmental impacts of tourism for example, are generally markedly 
less than overtly extractive activities such as timber harvesting.  The level of knowledge surrounding 
some values means that they cannot be quantified at present.  For example, the additional quantity of 
carbon that would be sequestered in rehabilitated wetland areas is currently unknown. 
 
The biophysical factors that drive these values were identified via the literature review and in 
consultation with scientists with expertise either in the region and/or in the types of biophysical 
relationships on the MRF.  The key biophysical factors can be summarised as the area (and type) of 
healthy wetland ecosystems.  The key management factors affecting healthy wetlands in the region are 
the hydrological, grazing and timber harvesting regimes. 
 
The second stage of the biophysical study was to identify the outcomes affected by changes in land 
management.  The impact of alternative strategies can only be determined with reference to what 
would occur without changes to management, that is, the BAU case.  The BAU in cost-benefit analyses 
is continuation of current wetland management practices and reflects the fact that wetland attributes 
may continue to degrade without changes to wetland management.   
 
Once a comparison point is established, an array of potential management options can be considered.  
Three different and discrete management options designed to improve wetland quality were considered 
in the MRF, namely: 
• Improved hydrological management of water – termed hydrological management; 
• Improved management grazing practices in wetlands and buffer areas – termed ‘grazing 

management’; and, 
• Improved management of timber harvesting practices in wetlands – termed timber management. 
Combining the three different options into a single strategy created a fourth option.  These options 
combined into the strategies that are depicted in Figure 1.  Additional options were rejected on the 
basis that they would not have a significant impact on the biophysical factors that drive wetland values, 
or their impacts were not sufficiently differentiated from one or more of the above set.  In other words, 
the five options selected (including the BAU) were considered to be representative of the total array of 
possible options that could be implemented in the MRF.  Details about how these options were derived 
can be found in Research Report 6 (see Box 4 for more information).  
 
Figure 1: Structure of MRF modelling strategies  
 
Business as 

usual  
 Hydrological 

management 
 Grazing   

management 
 Timber  

Management 
 Combined 

management 
strategies  

        Timber 
management  

        Grazing 
management  

  Hydrological 
management  

 Grazing  
management  

 Timber 
management  

 Hydrological 
management  

 
BAU 

  
BAU 

  
BAU 

  
BAU 

  
BAU 

 
Note: The structure of this figure does not reflect the relative scale of the benefits of adopting any 
strategy or continuing BAU, only the structure of the modelling. 
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Box 4: Potential wetland management strategies – Murrumbidgee River Floodplain Wagga Wagga 
to Hay (Research Report 6) 

• ‘Business as usual’ provided the minimum likely environmental outcomes to be considered.  These 
outcomes reflect possible degradation of outcomes into the future. 

• The ‘combined strategies’ option is designed to achieve the maximum environmental outcomes 
considered, as measured by the area of healthy wetlands and the impact on wetlands and 
woodlands birds and native fish populations.  The maximum outcome considered is subject to the 
strategy remaining technically feasible, able to be implemented within the time frame (in terms of 
the speed of adoption of changes to land management) and monetary costs remaining reasonable. 

• The types of management changes analysed were grouped to divide the intervening strategies.  For 
example, the ‘grazing management’ option only relates to the management of livestock in and 
around wetlands while the ‘timber management’ option only relates to timber harvesting practices. 

 
Physical quantification of project impacts – ‘biophysical modelling’ 
 
The final phase of the biophysical modelling was to specify the likely impact of differing levels and 
combinations of management changes on the biological factors.  The definable impacts were regarded 
as the differences between the BAU and adopting the change to management over a 30-year period (the 
temporal context).  The set of definable impacts is defined as the margin (more specifically, the margin 
between the BAU and the strategy).  In the MRF, the margin related to changing some or all of the 
management for the portion of resources shown in Figure 2. 
 
Figure 2: MRF biophysical status of BAU land and water use at the margin 

Set stocking 
rate 

8260 ha

Crash or rotational 
grazing

10,560 ha

Grazing 
management that 
does not change

32,920 ha

Grazing management 
that changes

18,820 ha

 

Unsustainable 
management

2040 ha

No change to 
wetland timber 
management

31,510 ha

Only fallen 
timber harvested

600 ha

Sustainable 
forestry 

management
8150 ha

Wetland timber 
management that changes

 10,790 ha
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Water used 
for irrigation

2460 Gl

Wetlands flooded 
Wagga Wagga to 

Narrandera (1.00% of 
total irrigation water

equals 25 Gl)

Additional water to 
flood wetlands to 

Hay (0.67% of total 
irrigation water 
equals 15 Gl)

Water use 
that changes

 
 
In Table 1, the outcomes of the biophysical modelling for one potential management strategy on the 
MRF – ‘combined management strategies’ – are summarised.  For example, in 30 years, the population 
of native wetland and woodland birds is to be 75 percent higher than under BAU, but annual 
agricultural production would be reduced by 19,073 dse. 
 
Table 1: Change in available outputs from implementing the ‘combined management 

strategies’ option compared to the ‘BAU’ strategy 
Descriptive attribute Unit Difference Percentage 

difference 
Agricultural production dse -19,073 -29.9% 
Timber production – sawn timber m3 -9,047 -43.9% 
Timber production – Residue timber m3 -18,448 -42.7% 
Fencing distance required km 720 42.0% 
Water diverted for irrigation ML -41,700 -1.67% 
Population of water and woodland birds % increase pop. 75% n.a. 
Population of native fish % increase pop. 100% n.a. 
Area of healthy wetlands Ha. 11,200 487.0% 
a  Dry sheep equivalents (dse) are the common measure of pasture production in Australia.  A dse is the 
food required to maintain a wether (castrated male sheep) or ewe, that is neither pregnant nor with 
lamb at foot, at 50 kilograms live-weight.  Other livestock are rated in dse according to the relative 
amount they eat. 
 
In Table 2, the marginal physical impacts that would result from adopting each of the alternative 
management strategies that were quantified in Research Report 6 are reported.  The marginal physical 
impacts are the difference in 30 years time between adopting the strategy and the physical outcomes if 
‘BAU’ continued.  For example, if the ‘grazing management’ strategy were adopted there would be no 
grazing of 10,555 hectares more wetlands than if BAU continued.  There would also be 6,700 
additional hectares of healthy wetlands and 25 percent more native fish than under BAU.5 
 

                                                                 
5 This does not imply 6,700 more hectares of healthy wetlands or 25 percent more fish than at present 
as BAU environmental conditions are predicted to decline over the next 30 years. 
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Table 2: Difference between ‘BAU’ and alternative strategies on the MRF in 30-years time 
Descriptive  
Attributes 

Unit Water 
management 

Grazing 
management 

Timber 
management 

Combined 
strategies 

Water purchased from  ML 41,700 0 0 41,700 
irrigation (%) (1.7) (0.0) (0.0) (1.7) 
Set stocking rate ha 0 -8259 0 -8259 
 (%) (0.0) (-38.1) (0.0) (-38.1) 
Rotational or crash  ha 0 -2296 0 -2296 
grazing management  (%) (0.0) (-9.6) (0.0) (-9.6) 
No grazing ha 0 10,555 0 10,555 
 (%) (0.0) (172.4) (0.0) (172.4) 
No logging ha 0 0 8745 8745 
 (%) (0.0) (0.0) (42.5) (42.5) 
Fallen timber harvesting  ha 0 0 -596 -596 
 (%) (0.0) (0.0) (-18.0) (-18.0) 
Sustainable timber  ha 0 0 -6111 -6111 
Harvesting (%) (0.0) (0.0) (-42.6) (-42.6) 
Unsustainable timber ha 0 0 -2039 -2039 
harvesting (%) (0.0) (0.0) (-50.0) (-50.0) 
Total production dse 0 -19,073 0 -19,073 
 (%) (0.0) (-28.1) (0.0) (-28.1) 
Sawn timber yield m3 0 0 -9,047 -9,047 
 (%) (0.0) (0.0) (-43.9) (-43.9) 
Residual timber yield m3 0 0 -18,448 -18,448 
 (%) (0.0) (0.0) (-42.7) (-42.7) 
Fencing required km 0 718 0 718 
 (%) (0.0) (42.0) (0.0) (42.0) 
Best information ecological outcomes of management changes 
Additional healthy wetlands ha. 2700 6700 0 11200 
Additional wetland and 

woodland birds 
% 33 20 20 75 

Additional native fish % 50 25 25 100 
Note: Synergistic responses to management changes mean that the outcome of the ‘combined 
strategies’ is not simply the maximum of individual options or the sum of the individual options. 
 

Part B: Monetary valuation and discussion 

4 Monetary valuation of impacts  
 
In this section, each of the impacts of changing wetland management for which physical quantities 
were reported in Table 2 are converted to monetary values in order to facilitate the comparison between 
alternative impacts.  Each of the groups of physical impacts is discussed in turn.  While many of the 
impacts are inter-linked, they are separated for ease of cost definition and discussion.  Sensitivity 
testing is conducted on costs and benefits in Appendix 1 and summarised in Section 6.   
 
Discounting 
 
Changing wetland management incurs a series of costs and benefits now and into the future.  
Individuals in general prefer a benefit now to the same benefit received later.  Likewise, individuals 
prefer a cost later to the same cost now.  This desire is referred to as the time preference of the 
individual.  This time preference of individuals must be taken into account when aggregating costs and 
benefits incurred at the present point in time with future costs and benefits.  Economists use the 
concept of discounting to take account of the time preference of individuals.   
 
Discounting accounts for individual’s time preferences by reducing future values to a present value 
using a discount rate.  The higher the discount rate, the stronger is the preference for current 
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consumption over future consumption.  For example, a discount rate of five-percent applied to a $1000 
cost due in ten years time yields a present value of $176 while a ten-percent rate yields $91. 
 
The issue of an appropriate discount rate has received ext ensive discussion in the economics literature 
that is not repeated in this report.6  The discount rate chosen for the analysis in this section is seven-
percent.  This rate was chosen to be comparable to the real interest rate on capital investment on private 
agricultural lands.  This rate will be varied as part of the sensitivity analysis. 
 
The size of the discount rate can also affect the length of time over which benefits and costs are 
estimated.  For a discount rate of five percent or more, benefits and costs beyond thirty years will be 
discounted to very low present values.  For example, at seven-percent, a $1m benefit due in year 30 has 
a present value of just $131,367.  However, the length of time over which the analysis extends should 
also ensure that all benefits from the investment are included.  In this report, costs and benefits incurred 
for the next thirty years are included.  This time-period ensures that nearly all benefits generated by 
changing wetland management are included.  The non-use environmental values also include bequest 
values that the current generation wants to hand on to the future generations.  Hence, future generations 
interests are ‘proxied’ by the current generation.7  The implications of excluding future generations 
mean that the benefits and costs included in the analysis are restricted to those held by the current 
generation for themselves and as bequest values to future generations.   
 
Time paths to adoption 
 
Adoption of a change to the management of wetlands will be undertaken over a relatively long-term 
period.  For example, rehabilitation of degraded wetlands and purchase of sufficient water is likely to 
be spread over a multi-year period.  Similarly, the benefits generated by the rehabilitated wetlands will 
not be available until wetland vegetation returns or is sufficiently mature to generate such values.  The 
time path of adoption and benefit creation is reported in the text for each benefit and cost. 
 
4.1 Farm production 
 
Changing wetland management reduces the amount of grazing and timber harvesting in order to 
generate environmental benefits.  The physical reductions in farm outputs from adopting the changes 
detailed in Research Report 6 (see Boxes 1 and 4 for more information) were detailed in Table 2.  In 
order to continue grazing other areas of their farms if wetlands are fenced off, some wetland owners 
must supply additional watering points for livestock because wetlands and river access are no longer 
available under the changed management scenarios.  The monetary values of these costs are detailed in 
this section. 
 
Grazing production 
 
The management of grazing in floodplain wetlands changes as a result of adopting the strategies shown 
in Figure 1 producing the biop hysical outcomes shown in Table 2.  Where grazing management is 
changed in ways that increase or reduce the grazing production of wetlands the change must be valued.  
To estimate the costs of lost production the following assumptions are made: 
1. The mix of sheep and cattle enterprises in the region does not change significantly over the 30 year 

period;8 and, 
2. The gross margin as at 1999 is maintained for all enterprises over the next 30 years. 
The effects of these assumptions are discussed in Section 6 relating to sensitivity analysis and detailed 
in Appendix 1.   
 
Estimates of gross margins are taken from the NSW Agriculture web-site’s ‘Farm Enterprise Budgets’ 
for the Southern/Central NSW region.  Gross margins are adjusted for the cost of labour inputs using 
the award rate of pay for a senior station hand and indexed to year 2000 using ABS (2001) ‘Prices paid 

                                                                 
6 An introduction to discounting is provided in most introductory environmental economics texts (for 
example (Turner, Pearce and Bateman 1994)).  A more detailed discussion of the debate can be found 
in (Hanley and Spash 1993). 
7 For an in depth discussion of this issue see (Hanley and Spash 1993). 
8 The current split between sheep and cattle grazing is estimated to be 48 percent of dse consumed by 
cattle and 52 precent by sheep (as discussed in Research Report 5). 
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by farmers for materials and services’.  The adjustment for labour inputs is undertaken because gross 
margins are not an accurate measure of producers’ surplus.  A more appropriate measure of producers’ 
surplus from livestock enterprises can be estimated by adjusting for labour inputs and assuming capital 
equipment (such as yards) is a sunk cost.  Per dse producers’ surplus estimates are reported in Table 3. 
 
Table 3: Enterprise margins used to estimate cost of production losses 
Enterprise Gross margin 

per dse* 
Labor cost 

per dse 
Per dse producers’ 

surplus 
Prime Lambs $ 19.63 $ 2.08 $ 17.55 
Merino Ewe flock $ 13.00 $ 1.86 $ 11.14 
Cattle production $ 23.74 $ 0.62 $ 23.12 
*  dse: dry sheep equivalent 
 
The production changes (in dse) and cost of these changes to landowners on the MRF are reported in 
Table 4.  Cost estimates assume that changes to management are linearly undertaken over a ten-year 
period.  For example, implementing the ‘grazing management’ strategy would cause an agricultural 
production loss of about 19,073 dse per year in ten years time or a total cost of $3.1 million. 
 
Table 4: Agricultural production changes as a result of management changes 
Change to production Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

dse difference in 30 years 0 -19,073 0 -19,073 
Production loss (NPV) $ 0 -$3,136,756 $ 0 -$3,136,756 
 
Timber production 
 
The management of timber harvesting in floodplain wetlands changes as a result of adopting the 
strategies shown in Figure 1.  The management changes proposed reduce the total quantity of timber 
harvested at any one point in time but may also reduce the period between harvests.  That is, changing 
management may lead to more frequent but lower yield harvesting.  The area over which timber 
management changes is reported in Research Report 6 and repeated in Table 2.  
 
A brief summary of forestry practices is useful to understand the changes in yield and income to 
wetland owners.  Timber harvesting yields a mix of sawn t imber (useful for furniture and construction) 
and residue (useful as woodchips or dried for use as firewood).  The total quantity of timber and 
residue harvested depends (among other factors) on the age of the forest and the harvesting method.  
Clear felling generates the maximum absolute yield at 80-year intervals while a ‘sustainable’ 
harvesting regime yields less than half as much but at 25-year intervals.9  It is assumed that all 
harvesting will be conducted on a sustainable harvest basis by the end of the adoption period under the 
BAU option.  Firewood harvesting of fallen timber is generally conducted at about 10-year intervals.  
Timber returns per cubic metre are shown in Table 5.  For example, wetland owners were estimated t o 
receive $50 per cubic metre of sawn timber. 
 
Table 5: Returns to wetland owners from timber harvesting 
Timber description Returns per m3 
Sawn timber $50.00 
Residue timber $  7.50 
Firewood (from fallen timber) $12.50 
Source: State Forests NSW at Narranderra, personal communication. 
 
The changes in the physical quantities of timber produced under each option were also reported in 
Research Report 6 and are repeated in Table 6.  In Table 6 firewood is separated from residue as it does 
not require drying and hence generates a higher return to wetland owners.  Cost estimates assume that 

                                                                 
9 Sustainable harvesting is defined in this context as harvesting timber according to a management plan 
that incorporates environmental objectives.  Environmental objectives include retention of habitat trees, 
retention of trees critical for bank stabilisation and timing harvest to avoid bird breeding events and 
when wetlands are dry.  The costs of developing a management plan are not included because a 
management plan is assumed necessary to develop the harvest plan required to undertake any 
harvesting under BAU. 
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changes to management are linearly adopted over a ten-year period.  For example, implementing the 
‘timber management’ strategy would cause a sawn timber loss of about 207,542m3 or approximately 
$3.6 million. 
 
Table 6: Timber production changes as a result of management changes  
Change to yield Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Total change in timber yields over the next 30 years (m3) 
Quantity of sawn timber 0 0 207,542 207,542 
Quantity of residue 0 0 415,085 415,085 
Quantity of firewood 0 0     8,993     8,993 
     
Cost to wetland owners (NPV) 
Cost of sawn timber $ 0 $ 0  $3,568,247  $3,568,247 
Cost of residue $ 0 $ 0   $1,070,474  $1,070,474 
Cost of firewood  $ 0 $ 0  $     39,054  $     39,054 
Total timber costs $ 0 $ 0 -$4,677,775 -$4,677,775 
 
Cost of alternative stock watering points 
 
Where stock are excluded from wetlands they may also be excluded from their current water supply, 
particularly when exclusion from wetlands includes exclusion from access to the Murrumbidgee River 
and its tributaries and anabranches.  Alternative water supplies are required in these cases.  The 
assumptions underlying the cost estimates are shown in Table 7.  For example, ten percent of red gum 
wetlands are assumed to have an alternative stock water supply under BAU.  If the ‘grazing 
management’ or ‘combined strategies’ option is adopted some areas that continue to be grazed would 
require an alternative water supply.  
 
Table 7: Alternative water supplies under BAU compared to alternative strategies 
Wetland type Alternative water 

supply BAU 
Alternative water supply 
grazing management and 

combined strategies 
Red gum wetlands 10% 40% 
Open water wetlands 10% 50% 
Deep wetlands 0% 90% 
Average weighted by wetland area 9.2% 43.6% 
Source: Discussions with people with extensive grazing experience in the region (Mr Mark Rowe, 
Narimba, Mr John Irwin district livestock officer NSW Agriculture and Mr Ted O’Kane Bidgee Banks 
project officer) and a scientist conducting research on grazing practices (Dr Amy Jansen, Charles Sturt 
University).  Readers are reminded that interpretation and errors are the responsibility of the authors. 
 
Table 8: Costs of alternative water supply compared to BAU (NPVs) 
Description Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Area requiring alternative 
water supply (ha) 

0 12034 0 12034 

Capital cost of water supply  $ 0 $191,549 $ 0 $191,549 
Ongoing cost of water supply  $ 0 $    6,881 $ 0 $    6,881 
Source: Adapted from Forest Creek Management Plan Committee (2000).  Costs are the NPV of costs 
over the next 30-years. 
 
The cost of alternative watering supplies varies according to the additional infrastructure (including 
pumps, pipes and tanks) required, the number of watering points to be installed and the distance from a 
water source.  A large-scale watering scheme has recently been proposed for the lower Forest Creek 
System (an anabranch of Billabong Creek) (Forest Creek Management Plan Committee 2000).  The 
proposal covers eight properties or over 48,617ha at a capital cost of $22.66 per hectare and ongoing 
maintenance costs of $0.81 per hectare.  Grazing enterprises in this region are similar to the lower half 
of the MRF (below Darlington Point).  Hence, these cost estimates are transferred to the MRF.  
Properties upstream would be expected to require less overall piping but a similar number of watering 
points and are assumed to cost a similar amount per hectare.  Sensitivity testing is conducted on the 
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costs of alternative water supplies and reported in Section 6 and Appendix 1.  Estimates of the costs of 
alternative water supplies for each strategy are shown in Table 8.  
 
4.2 Wetland management  
 
Rehabilitating wetlands involves costs. Adopting the strategies shown in Figure 1 (and quantified in 
Table 2) will change the total area and quality of wetlands.  These changes to the area and management 
of wetlands lead to the following costs that must be valued: 
1. capital costs of acquiring sufficient water to flood wetlands; 
2. capital costs of changing water management in wetland areas; 
3. capital costs of fencing wetlands and remnants to facilitate changes to stock management;  
4. capital costs of revegetating wetlands that have lost their seed bank; 
5. ongoing costs of owning and using water; and, 
6. ongoing labour and input costs to wetland owners of maintaining wetland and remnant vegetation 

areas. 
The unit costs of management are reported in Table 9.  The aggregate costs of changing management 
are summarised in Table 10 and Figure 3.  Cost estimates assume that changes to management are 
undertaken over a ten-year period and water acquisition over a five-year period.  That is, the capital 
costs of changing management are incurred over a ten-year period.  The cost estimates are then 
described in turn for each category. 
 
Table 9: Wetland management changes – monetary costs and benefits 
Description Basis Unit Cost 
Capital costs of water acquisition one-off ML $  407.50 
Capital costs to remove irrigation drainage one-off ha $6771.22 
Capital costs to remove irrigation pumping one-off ha $1089.19 
Capital costs to remove levees one-off ha $    58.43 
Capital costs of revegetation one-off ha $  563.20 
Capital costs of fencing wetlands 1 in 30 yrs km $1125.00 
Labour costs of fencing wetlands 1 in 30 yrs km $1375.00 
Ongoing costs of removing irrigation pumping annual ha $    36.22 
Cost of wetland maintenance annual ha $    20.00 
Income from future water sales 1/6 per year ML $    34.00 
Sources are provided in the text.   
 
Figure 3: Costs of changing wetland management 

$0.0

$3.0

$6.0

$9.0

$12.0

$15.0

$18.0

Hydrological
management

Grazing
management

Timber
management

Combined
strategies

C
os

t $
m

Net water costs Wetland rehabilitation
Fencing Wetland maintenance
Water licence maintenance

 



 

   

13 

 
 

Table 10: NPV costs of changing wetland management compared to BAU  
Cost description Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Capital costs of water acquisition $18,161,201 $              0 $ 0 $18,161,201 
Capital costs to remove irrigation drainage $     209,228 $              0 $ 0 $     209,228 
Capital costs to remove irrigation pumping $     939,274 $              0 $ 0 $     939,274 
Capital costs to remove levees $         2,626 $              0 $ 0 $         2,626 
Capital costs of revegetation $                0 $   208,761  $ 0 $     208,761  
Capital costs of fencing existing wetlands $                0 $   693,624 $ 0 $     693,624 
Labour costs of fencing existing wetlands $                0 $   567,511 $ 0 $     567,511 
Cost of wetland maintenance $     478,406 $1,187,156 $ 0 $  1,984,500 
Ongoing costs of removing irrigation 

pumping 
$       87,751 $              0 $ 0 $       87,751 

Less the income from future water sales  $  6,245,750 $              0 $ 0 $  6,245,750 
Total  $13,632,736 $2,657,052 $ 0 $16,608,726 
Note: Management is changed over a ten-year period, water acquired over a five-year period and 
ongoing costs incurred over the remainder of the thirty-year period commencing at the point of 
management change. 
 
Capital costs of water acquisition 
 
Under the ‘water management’ and ‘combined strategies’ options, sufficient water is required to 
facilitate an artificial flood as reported in Table 2.  The quantity of water required under the ‘water 
management’ and ‘combined strategies’ is 50 GL or approximately two percent of current diversions 
for irrigation.10  Current modelling indicates that allocations are approximately 92% of licence in a 
normal year and 88 percent in a dry year.11  Hence, total water licences required are 54.3 GL.  
However, diversion of such a quantity of water will only impact on future irrigation in the region rather 
than current irrigation levels.  This is because the quantity of water acquired is less than the total 
savings of over 71 GL targeted under the MIA and Districts Community Land and Water Management 
Plan (1998).  Kemp and Hafi (2001) also found water savings of up to 27 GL per year in the MIA 
justified by increases in farm profitability.  In addition, diversions to the MIA account for less than half 
of the total diversions from the Murrumbidgee River and further cost-effective water savings are likely 
from river pumpers and the Coleambally Irrigation Area.  Hence, water diversions for an art ificial flood 
are unlikely to reduce total production in the region and may induce regional benefits from the 
substantial cash injection if water licences are purchased.   
 
The diversion of water from irrigation to environmental uses will reduce future production because the 
water acquired via savings would otherwise have been available to increase irrigation elsewhere.12  
That is, using water for environmental uses will impose a future opportunity cost on future irrigators.  
The present value of the future income generated by the increase in irrigation elsewhere is difficult to 
estimate because the future surpluses generated by water inputs to future production are not known.  
Furthermore, the impacts of water reforms in NSW increase the uncertainty about future returns.  
Economic theory suggests that the expected future surpluses generated by water inputs are capitalised 
into the current price of water access licences.  That is, the price of water access licences is an 
expression of the willingness to pay for the next best use of the water (if it is not used in an artificial 
flood).  Hence, the cost of acquiring sufficient water licences to create an artificial flood is estimated as 
a proxy for the opportunity cost of lost production from of diverting water savings from future 

                                                                 
10 Total water required to create an artificial flood is 70GL but 20 GL are assumed to be instream flows 
at the time of the flood.  Hence, only an additional 50GL is required to create the flood. 
11 Dry year allocations are used to forecast water sales, allocations are as at the final announcement on 
January 1st.  If predicted allocation are different to the January 1 allocation water will need to be 
borrowed from future years or past credits (at an assumed overall neutral cost). 
12 It is explicitly assumed in this Section that water acquired and used for an artificial flood could have 
been used for irrigation.  Hence, the appropriate opportunity cost is irrigation.  The possibility also 
exists that an alternative environmental use is valued more highly than irrigation, in which case that 
would be the appropriate opportunity cost.  If the water used for the artificial flood could not be used 
for irrigation (for example, it is already an environmental allocation), then the appropriate opportunity 
cost is the next highest valued environmental use. 
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irrigation to environmental uses. 13,14,15  The per-unit capital costs of acquiring water licences are 
reported in the first row of Table 9 and the aggregate cost in Table 10.  For example, the approximate 
cost of acquiring licenses is $408 per ML.16  The total cost is $18.2m for the 54.3 GL that are 
purchased over five years under the ‘water management’ and ‘combined strategies’ options. 
 
Capital costs of wetland rehabilitation 
 
Where wetlands are to be rehabilitated, substantial capital costs may be involved in reducing irrigation 
drainage inflows, providing alternative irrigation supply systems, removing levees and revegetation 
works.  The cost of removing and recycling irrigation drainage water is expensive due to the scale of 
earthworks involved.  Per-hectare costs from the Murrumbidgee Wetland Working Groups project to 
rehabilitate Turkey Flat and several other wetlands on the MRF are approximately $6,771.17   
 
Costs to relocate pumping from deep billabongs on the floodplain involve construction of pipes, buffer 
storage dams and pumping from the Murrumbidgee River.  Parts of the infrastructure required already 
exist in some cases.  A basic system to replace a current pumping of 100ML from a wetland 
approximately one kilometre from the river would cost about $68,000 plus ongoing costs of $421 per 
year for pumping.18  Extrapolating these costs across a range of scales (loosely based on those wetlands 
defined as too wet due to irrigation pumping impacts by Thornton and Briggs (1994) indicates an 
average cost of $1,089 per hectare.19    
 
Some wetlands that have been drained or levied off from the floodplain could also be restored.  
Rehabilitation actions would require removal or relocation of levees and blockages to floodplain flow-
paths.  The total area of these wetlands under the ‘water management’ and ‘combined strategies’ 
options is very small.  Hence, the costs are transferred from the Upper South East case study as 
reported in Research Report 9 at $58 per hectare.  The per-unit capital costs of engineering works to 
manage water in rehabilitated wetlands are reported in the first two rows of Table 9 and the aggregate 
costs in Table 10.  
 
Revegetation may be required where wetlands have lost their seed-banks, perhaps because they have 
become permanently wet or dry.  Revegetation can only be implemented in areas where livestock are 
excluded.  In Research Report 6, it was assumed that 5 percent of wetland areas from which grazing is 
excluded would require revegetation (approximately 530 ha).  No data relating to the costs of 
revegetation in the Murrumbidgee case study area are available, however costs were estimated for the 

                                                                 
13 Water diversions from irrigation are assumed to occur over the next five years.  Water savings are 
assumed generated over the same period.  Hence, the opportunity costs of water are assumed generated 
over the same period as water savings, negating any additional discounting between opportunity costs 
and water diversions. 
14 This approach assumes that the relatively small increase in irrigation area that would otherwise result 
from water savings causes no multiplier effects on the regional economy. 
15 Water licences acquired to create an artificial flood are assumed to involve fixed (licence charges) 
and variable (usage charges) costs.  These charges are paid by the organisation – government or non-
government organisation that acquires the water licences for the flood.  Without the artificial flood 
irrigators would pay  the charges.  Hence, there is no change to the total costs involved, only to who is 
paying the costs is changed.  The impact of the organisation that acquires the water licences for the 
artificial flood not being levied for licence or usage charges is considered in the sensitivity analysis in 
Appendix 1. 
16 Source: discussions with P. Killen, Department of Land and Water Conservation, Murrumbidgee 
Region, Water Access and Licensing.  High security licences are approximately $450ML and normal 
security $400ML, weighting by 85 percent normal and 15 percent high (per ratio of licences) generates 
$407.50ML. 
17 The cost per hectare for drainage removal (and total hectares over which it is averaged) also includes 
the costs of rehabilitating nearly 100 ha of wetlands that are too wet through use as a buffer storage for 
irrigation. 
18 A rough estimate of costs for such a system was provided by Mr. Steve McKay (personal 
communication) of Scanbail Pty. Ltd.  Estimates were also provided for larger capacity systems. 
19 The cost per hectare of rehabilitated wetland is an underestimate of the true costs per hectare.  This is 
because the total area includes rehabilitation of a large area of wetlands that are too wet due to current 
water management decisions by landholders aimed at producing stock pasture.  
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Upper South East case study at $563.20 per hectare.  These cost estimates can be transferred to the 
Murrumbidgee based on the assumption that the main cost components are similar.  That is, a similar 
number of tube-stock or seeds are required per unit area (at a similar cost) and the labour costs of 
planting and management are similar. 
 
Capital costs of fencing  
 
Altered grazing management is a critical management change required to generate natural values from 
wetlands along with water and timber harvesting management.  Changing grazing management is 
facilitated by fencing wetlands (and buffer strips).  Assumptions used to derive the quantity of fencing 
required were reported in Research Report 6.  Costs of fencing are drawn from fencing undertaken in 
floodplain wetland areas by N SW State Forests ($2,500 per-kilometre).20  For example, the present 
value of the costs of fencing 6,776 hectares of wetlands over ten-years under the ‘grazing management’ 
strategy is $1.3m. 
 
Ongoing wetland management costs 
 
Rehabilitated wetlands require ongoing management to control pests and weeds, manage fire risks and 
maintain fences.  The costs of such activities are difficult to estimate because existing costs of 
conservation management are not well documented.  As a proxy, the estimated per hectare costs of 
management of state forest lands on the MRF by NSW State Forests are used.  The per-hectare costs 
are reported in Table 9 as $20 per hectare.21  Wetlands that are specified as healthy due to the 
management changes are subject to this ongoing management cost.  Hence, the present value of 
wetland maintenance for the additional 2,700 hectares of healthy wetlands resulting from adoption of 
the ‘grazing management’ strategy is $1.2m. 
 
Additional ongoing costs are associated with pumping water from the Murrumbidgee River rather than 
deep billabongs.  The ongoing cost is estimated at approximately $4.21 per ML or $36.22 per hectare.22 
 
Income from future water sales 
 
The artificial flood is only created in five out of six years allowing water to be sold one in six years 
reducing the opportunity costs of creating an artificial flood.23  Kemp and Hafi (2001) indicate that 
temporary water trades yield approximately $34 per ML.  As the year in which water will be sold 
cannot be predicted in advance it is assumed that one sixth of total water owned is sold each year.  All 
water licences are temporarily traded during the five-year period that water licences are being 
purchased further reducing the opportunity costs of environmental use of water in an artificial flood.  
Hence, the net present value of the income generated under the ‘water management’ strategy is $6.2m. 
 
Costs not estimated in this section 
 
Estimates for several costs could not be obtained.  These costs are briefly defined and discussed below.  
If these costs are anticipated to be significant, a threshold value analysis may be used to assess their 
importance (see for example Bennett 1999). 
 
The costs of changing farm management where wetlands are kept too wet in order to produce stock 
pasture are unknown.  The water saved would become available for sale or alternative use elsewhere, 
however there would be a reduction in the income generated by stock.  It is anticipated that the net 
costs of change would be very small compared to the total costs of implementing any strategy.  These 
costs are not included in this Research Report. 
 

                                                                 
20 Jonathon Streat (Murrumbidgee Wetlands Working Group) personal communication. 
21J. Boyd (State Forests NSW) personal communication. 
22 Per ML estimates are converted to a per hectare figure based on the generous estimate of 200 ML for 
systems not currently pumped into and 1350 ML for systems used as buffers or with significant 
catchments (1350 ML is the suggested median size of river pumpers, J. Streat, Murrumbidgee 
Wetlands Working Group, personal communication). 
23 This assumes that the water can in fact be sold to irrigators and that the highest value alternative use 
is irrigation rather than an alternative environmental use. 
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The release of an artificial flood under the ‘water management’ and ‘combined strategies’ options may 
require farmers to raise irrigation pumps and move stock from flood prone areas that would not 
otherwise occur.  The additional costs that would be imposed on farmers upstream and within the study 
area are not included in this Research Report.  These costs are expected to be relatively low because of 
the relatively small number of farmers affected.  The costs would be offset by the (uncosted but 
relatively small) positive impact of a flood on flood prone pastures.  Hence, the net costs are expected 
to be neutral although they may be distributed to differing farmers (that is, the farmers that raise their 
pumps may not necessarily be the same farmers who gain from the flood). 
 
Institutional constraints currently prevent an artificial release of sufficient water to create an artificial 
flood due the impacts on stakeholders in the confined upper sections of the Murrumbidgee River.  The 
constraint is generically referred to as the ‘Gundagai choke’.  Compensation to a limited number of 
landholders and potentially Gundagai town-ship would be required for the lost use of floodplain to 
grow crops and use of sports fields for a short time period.  No estimates of compensation costs are 
included in this section but it is anticipated that the cost would be low compared to the total costs of 
adopting the potential management strategies. 
 
There are also no cost estimates included should carp control programs be required to facilitate an 
increase in native fish numbers.  This is because the response of carp to conditions that would improve 
wetland health is unknown.  Carp may be so dominant that control and fish stocking programs are 
needed to allow native fish populations to expand. 
 
4.3 Environmental benefits to producers and consumers 
 
Implementing the wetland management strategies shown in Figure 1 generates changes in the 
environmental outcomes that were quantified in Table 2.  These changes generate values to both 
wetland owners and the wider community.  Changes that are likely to be valued include: 
• Area of healthy wetlands; 
• The number of native wetland and woodland birds; and, 
• The number native fish in the region. 
 
The changes listed above will lead to changes in both use and non-use values (see Box 5).  These 
changes to the environmental attributes of wetlands and native vegetation lead to the following benefits 
and costs that must be valued: 
1. Benefits to the wider community of additional healthy wetlands and increased numbers of native 

wetland and woodland birds and native fish (non-use values); 
2. Benefits to visitors and wetland owners of increased visitation to wetlands in the MRF region (use 

values); 
 
Box 5: Values 
Direct-use values ‘are based on the conscious use of environmental resources in production and/or 
consumption’ of goods and services (Wills 1997, p. 147).  Examples of direct-use wetland values on 
the MRF are grazing and timber and water harvesting. 
Indirect-use values ‘are based on the contribution of natural resources to human life support’ (Wills 
1997, p147).  Examples of indirect-use values on the MRF are carbon fixation and nutrient removal 
and storage. 
Non-use values ‘involve no tangible current interaction between the environmental asset and those 
who benefit (value) it’ (Wills 1997, p. 147).  Examples of non-use wetland values on the MRF are 
biodiversity and the knowledge that they continue to exist. 
 
Non-use environmental values 
 
The largest group of environmental benefits is non-use environmental values.  T hey relate to the 
benefits of increased areas of healthy wetlands, increased number of wetland and woodland birds and 
increased numbers of native fish.  These benefits were estimated using the environmental Choice 
Modelling (CM) valuation technique and were reported in Research Report 8 (see Box 6 for a summary 
of the relevant conclusions).  The values for each of the management strategies compared to the ‘BAU’ 
strategy are reported in Table 11 for the tot al population of the Murrumbidgee catchment (including the 
Australian Capital Territory (ACT)).  The aggregate non-use values reported in Table 11 cannot be 
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separately estimated because of their interactions as the levels of the attributes are changed.  These 
estimates assume (apart from technical modelling assumptions reported in Research Report 8): 
• Only 29.6 percent of the Murrumbidgee catchment population hold values for wetlands in the 

MRF (that is values are only extrapolated across the response rate of the survey); 
• No values are held by non-Murrumbidgee catchment residents; 
• Values are collected via a one-off levy on income tax; and, 
• No growth in the Murrumbidgee catchment population over the next 30 years. 
The implications of relaxing these assumptions are discussed in the sensitivity analysis in Section 6.  
The environmental values are not discounted to a present value because respondents were asked to 
place their current value on an outcome that would occur in fifteen years time, and continue to be 
provided for the foreseeable future beyond fifteen years.  Hence, individuals implicitly discounted their 
future values by providing present values for a future outcome.  
 
Box 6: Non-market values of wetlands: A choice modelling study of wetlands in the USE of SA and 
the Murrumbidgee River floodplain in NSW (Research Report 8) 
• The CM technique was used to estimate the environmental non-monetary values that would be 

generated if wetland management in the MRF were changed. 
• In a CM survey a sample of people are asked to choose their preferred option for future wetland 

management. 
• The options were described by five attributes: the area of healthy wetlands; the number of native 

wetland and woodland birds; the number of native fish; the number of farmers that would leave 
farming; and, the cost to the respondent. 

• In total 732 households were surveyed in Canberra, Wagga Wagga, Griffith and Adelaide.  
• The study generated willingness to pay estimates for attributes and aggregate changes to wetland 

management.  For example, respondents were on average willing to pay $11.39 to obtain an 
additional 1000 hectares of healthy wetlands, $0.55 for a one percent increase in native wetland 
and woodland birds and $0.34 for a one percent increase in native fish numbers.  These values are 
for a one-off, per household payment. 

• The average willingness to pay of respondents differs from that of the general population because 
respondent demographics differ from the general population.  For example, the average 
willingness to pay of the population of the Murrumbidgee statistical district to move from the 
BAU to the ‘water management’ option is estimated to be $118.40 compared to the sample 
willingness to pay of $121.40. 

 
Table 11: Environmental values from adopting management strategies compared to the ‘BAU’ 

strategy 
Attributes and values Unit Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Additional healthy wetlands ha 2700 6700 0 11200 
Addit ional wetland and woodland 

birds 
% more 33 20 20 75 

Additional native fish % more 50 25 25 100 
Consumers’ surplus   $8,458,507 $9,211,723 $3,016,335 $11,832,400 
 
Benefits from wetland visitation 
 
There are over a quarter of a million visits to MRF wetlands each year (Forestry Commission of NSW 
1986).  The majority of visits to MRF wetlands are day visits to beaches and picnic areas within the 
NSW State forest managed areas.  In addition, 73 percent of wetland owners in the MRF also use their 
wetlands for pleasure or recreation (Research Report 5).  These visits generate benefits in the form of a 
consumers’ surplus (benefits to visitors net of costs).  Increasing the area of healthy wetlands by 
changing wetland management is likely to generate two benefits; firstly increased benefits for existing 
visitors, and secondly, an increased number of visits.  Only an increased number of visits are 
considered in this section due to the difficulty in estimating willingness to pay for such improvements.  
However, sensitivity analysis of the improved visitor quality benefits is undertaken in Appendix 1. 
 
Overnight tourism can also generate benefits to tourists, wetland owners and others in the community.  
While there is expected to be some increase in overnight tourism due to adoption of improved wetland 
management strategies, distance from major markets, particularly in relation to substitute areas, is a 
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major limiting factor on visitor numbers.  Hence, no estimates of benefits from overnight stays are 
included in this section. 
 
There are no current estimates of the number of users of wetlands and rivers in the MRF (the most 
recent data relating to 1986).  Likewise, there are no estimates of the consumers’ surplus generated by 
additional visits to the Murrumbidgee River and wetlands.  However, estimates are available for the 
willingness to pay (WTP) for recreation in the Ovens and King Basin in Victoria.  The sites for which 
recreation is valued in the Ovens and King Basin range from relatively similar sites (billabong and 
river beach recreation areas), to sites equivalent to those upstream of the MRF study area.  Sinden 
(1990) estimates the WTP at $27.80 ($22.00 1989 converted to 2001 dollars using ABS (2001)).  The 
consumers’ surplus benefits (the WTP) from the Ovens and King Basin have been ‘transferred’ to the 
MRF for the purposes of this study.24  The change in consumers’ surplus is estimated by multiplying an 
estimated increase in visitor numbers by the WTP.25  The increase in visitor numbers due to improved 
wetland management is estimated at five percent if the ‘combined strategies’ option is adopted.  Visitor 
growth for other strategies is proportional to the increase in the area of healthy wetlands compared to 
adopting ‘combined strategies’.  These assumptions are tes ted in Appendix 1 and reported in the 
section relating to sensitivity analysis.  The increase in visitor numbers is reported in Table 12 along 
with the consumers’ surplus that is generated.  For example, the ‘grazing management’ strategy 
stimulates 7,478 additional visits that generate $1.8m in consumers’ surplus. 
 
Table 12: Difference between recreation consumers’ surplus under the ‘BAU’ and alternative 

strategies in the MRF 
 
 

Unit Water 
management 

Grazing 
management 

Timber 
management 

Combined 
strategies 

Extra visitors No. 3013 7478 0 12500 
 (%) 1.2% 3.0% 0.0%  5.0% 
Visitor consumers’ surplus $ $742,118 $1,841,551 $0 $3,078,414 
 

5 Aggregation and distribution of benefits and costs 
 
5.1 Aggregation of benefits and costs 
 
The main object of the cost benefit analysis in this report is to inform the selection of those projects 
that generate the highest net value to the community.  This aim is sometimes referred to as the ‘Net 
Present Value Test’ (NPVT).  The NPVT asks whether the sum of discounted gains exceeds the sum of 
discounted losses.  If the gains exceed the losses, it would be efficient for society to shift resource 
allocation to achieve the gains.  The NPV is simply the total discounted benefits of the management 
change less the total discounted costs.  That is, each of the above positive and negative values are 
summed to estimate the NPVT of each strategy.   
 
The NPV for each strategy compared to the BAU scenario is shown in Table 13.  The ‘grazing 
management’ option is the only strategy with a positive NPV (approximately $5.1m) given the 
underlying assumptions in Section 4.  All other options generate a negative NPV.  For example, the 
‘combined strategies’ option generates a negative NPV of $9.7m.26  As indicated previously some 

                                                                 
24 There are numerous challenges in extrapolating Sinden’s (1990) data to the MRF.  The main criteria 
for transfer are the degree of similarity in the biophysical conditions, the similarity for the potential 
market for visitors, and the similarity of recreational activities.  Given the difficulties inherent in 
benefit transfers it is not possible to state w hether the estimates are likely to be an over or under 
estimate of the true consumers’ surplus. 
25 Inclusion of a value for recreation in the study area presents the question of whether the extra net 
benefits to the region should be considered as a net economic benefit or whether it is merely a 
redistribution of recreation activities in other industries or areas.  The approach here is to include 
recreation as a net benefit, but the results should be considered in the light of the caveat relating to the 
possible redistribution of benefits. 
26 The outcomes of the NPVT of the costs and benefits of changing management can also be expressed 
as a benefit-cost ratio.  However, benefit-cost ratios are usually used to assess the ratio of total benefits 
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value estimates are very conservative (such as the non-use environmental values).  The implications of 
the conservative nature of these estimates are discussed in Section 6 in which the outcomes of the 
sensitivity analysis are reported and detailed in Appendix 1.   
 
Table 13: Aggregate cost-benefit analysis of management strategies 
Cost or benefit Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Changes to agricultural activities 
Lost agricultural production  $              0              -$3,136,756  $              0              -$3,136,756 
Cost of providing watering points  $              0              -$   191,549  $              0             -$     191,549 
Lost timber production  $              0               $              0              -$4,677,775 -$  4,677,775 
 Sub-total   $              0              -$3,328,305 -$4,677,775 -$  8,006,080 
Management costs of wetlands  
Capital costs of water acquisition -$18,161,201  $              0               $              0              -$18,161,201 
Capital costs of wetland rehabilitation  -$  1,151,129  $              0               $              0              -$  1,151,129 
Capital costs of fencing  $                0              -$1,261,135  $              0              -$  1,261,135 
Capital costs of wetland revegetation  $                0              -$   208,761  $              0              -$     208,761 
Ongoing costs of wetland management -$     566,157 -$1,187,156  $              0              -$  2,072,250 
Income from future water sales $  6,245,750  $              0               $              0              $  6,245,750 
Sub-total -$13,632,736 -$2,657,052  $              0              -$16,608,726 
 Environmental values generated – consumers’ surpluses  
Recreation  $     742,118  $  1,841,551  $              0               $  3,078,414 
Non-use values  $  8,458,507  $  9,211,723  $3,016,335  $11,832,400 
Sub-total  $  9,200,624  $11,053,274  $3,016,335  $14,910,813 
Wetland owner use values  not estimated 
Total changes valued -$ 4,432,112  $ 5,067,917 -$1,661,441 -$ 9,703,993 
Note: Values are net present values of benefit and cost streams over 30 years using a 7% discount rate. 
 
5.2 Distribution of costs and benefits 
 
The value estimates that are reported in Table 13 provide a guide to the distribution of costs and 
benefits.  Wetland owners bear many of the costs of changing management including loss of grazing, 
capital costs of rehabilitating and fencing wetlands and ongoing wetland management costs.  In 
contrast, they receive relatively few benefits of changing wetland management.  The other major cost is 
acquisition of water from irrigators to create an artificial flood.  This cost is either imposed on 
irrigators (if allocations were reduced to provide water) or the wider community (if water is 
purchased).  Non-monetary benefits to wetland owners are also likely to be significant (as shown but 
not quantified in Research Report 5 – see Box 3).  The largest benefit from changing wetland 
management accrues to the wider community from non-use environmental values of wetland 
management and to a lesser extent the recreational values of wetlands.  Hence, some form of transfer 
from the wider community to wetland owners would be required to achieve even the ‘grazing 
management’ option.  The transfer would be required because the costs to wetland owners are 
approximately $6.0m (management costs plus lost agricultural production).  The benefits to wetland 
owners of changing management would be significant (per Research Report 5) but are unlikely to be 
sufficiently large to generate positive returns to adoption for most wetland owners. 
 

6 Sensitivity analysis  
 
The results in Table 13 show that adoption of only one option, ‘grazing management’, is to the 
community’s advantage.  However, these results are subject to the specified underlying assumptions 
that in some cases are highly restrictive.  In this section, these assumptions are relaxed to assess their 
impact on the viability of the strategies using the NPVT.  Relaxing these assumptions allows for the 
impacts of risk and uncertainty on the estimates in Table 13 to be assessed.   
 

                                                                                                                                                                                          
generated relative to a specified contribution (usually the government) and are not as useful when 
comparing total costs and benefits and are not reported in this section. 
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The aggregate NPV will be more sensitive to changes to some assumptions than to others.  There will 
also be a greater level of risk or uncertainty about some variables compared to others.  Sensitivity tests 
are conducted on the variables as shown in Table 14.  Each parameter is tested separately within the 
sensitivity analysis.  The base level in each case is that defined and estimated in Section 5. 
 
Table 14: Schedule of sensitivity tests conducted  
Parameter Sensitivity test values 
Discount rate 1. 4%  

2. Base level  – 7% 
3. 10% 

Time period of management changes  1. 5 years (5 years water acquisition)  
2. Base level – 10 years (5 years water acquisition) 
3. 15 years (10 years water acquisition) 

Grazing production losses – wetlands 
that are no longer grazed 

1. Wetlands grazed at 50% of rotational rate 
2. Wetlands grazed at 25% of rotational rate 
3. Base level 

Grazing production losses – ratio of 
buffer strip 

1. Buffer strip ratio 50% higher than estimated 
2. Base level  
3. Buffer strip ratio 50% lower than estimated 

Grazing production losses – current 
dse yield from grazing wetlands 

1. Production 25% higher than estimated 
2. Base level 
3. Production 25% lower than estimated 

Grazing enterprise returns 4. 50% higher producers’ surplus 
5. Base level 
6. 50% lower producers’ surplus 

Timber production losses 1. Production 20% higher than estimated 
2. Base level 
3. Production 20% lower than estimated 

Timber enterprise returns 1. 50% higher producers’ surplus 
2. Base level 
3. 20% lower producers’ surplus 

Cost of alternative stock water supplies  4. 30% higher cost per ha 
5. Base level 
6. 30% lower cost per ha 

Capital costs of wetland rehabilitation 
– opportunity cost of water 

1. 50% lower costs per ML 
2. Base level 
3. 50% higher costs per ML 
4. 100% higher costs per ML 

Capital costs of wetland rehabilitation 
– engineering works 

1. Rehabilitation costs 30% higher per ha 
2. Base level 
3. Rehabilitation costs 30% lower per ha 

Capital costs of wetland rehabilitation 
– revegetation 

1. 15% of wetlands require revegetation 
2. 10% of wetlands require revegetation  
3. Base level  
4. No wetlands require revegetation 

Capital costs of wetland rehabilitation 
– fencing 

1. 30% less fencing required 
2. Base level 
3. 30% more fencing required 

Ongoing costs of wetland 
rehabilitation – maintenance and 
management  

1. Costs 20% higher per ha 
2. Base level 
3. Costs 40% lower per ha 

Ongoing costs of wetland 
rehabilitation – management of 
engineering works 

4. Costs 20% higher per ha 
5. Base level 
1. Costs 40% lower per ha 

Ongoing costs of wetland 
rehabilitation –holding and using 
water licences 

1. Base level 
2. No licence or use charges for environmental users. 
3. No licence or use charge for environmental users and 

higher ongoing costs of water use 
Ongoing costs of wetland 

rehabilitation – reduced 
opportunity costs of water 

1. Base level 
2. Income if prices increase 50% 
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opportunity costs of water 3. Income if prices increase 100% 
4. Income if 15% of flood sold @ $17/ML 
5. Income if 30% of flood sold @ $17/ML 

Non-use environmental values – 
confidence intervals 

1. Upper 95% confidence of estimates in Research Report 8 
2. Base level 
3. Lower 95% confidence of estimates in Research Report 8 

Non-use environmental values – 
extrapolation 

1. Base level  
2. Include future population growth in catchment 
3. Include 30% of non-respondents 
4. Include Adelaide population 
5. Include rest of NSW at 25% of mean WTP 
4. Use protest free WTP estimates 

Non-use environmental values – tests 
of environmental outcomes 

1. Base level 
2. 20% more healthy wetlands 
3. 30% less healthy wetlands 
4. 20% more native birds 
5. 30% less native birds 
6. 20% more native fish 
7. 50% less native fish 

Non-use environmental values – tests 
of social outcomes 

1. Base level 
2. Adoption causes 5 fewer farmers 
3. Adoption causes 10 fewer farmers 

Recreation consumer’ surplus – 
alternative consumers’ surplus 

1. Consumer’s surplus 50% higher 
2. Base level 
3. Consumer’s surplus 50% lower 

Recreation consumer’ surplus – extra 
visitors 

1. No extra visitors 
2. Base level 
3. 100% more extra visitors 

Recreation consumer’ surplus – 
additional benefits to current 
visitors from changed management 

1. Maximum of $5 extra benefits to visitors 
2. Maximum of $2 extra benefits to visitors 
3. Base level 

 
The results of the sensitivity tests are summarised in Table 15 and provided in more detail in Appendix 
1.  The highest and lowest estimates that result from each of the variables for which sensitivity tests are 
conducted are reported in Table 15.  Where the NPVT is positive the background of the cell is shaded 
for ease of comparison of outcomes.  The breadth between the highest and lowest estimates for the tests 
indicates the likely range of variation.  To determine the variation in assumptions that yielded the 
estimates please refer to the relevant section in Appendix 1. 
 
Discussion 
 
It is found that the viability of the strategies is subject to a number of key assumptions.  The 
unequivocal initial conclusion is that adoption of the ‘grazing management’ option is warranted as it 
generates a positive NPV under all sensitivity tests.  Hence, it is highly unlikely that a combination of 
incorrect assumptions would lead to a negative ‘grazing management’ NPV.  That is, adoption of the 
‘grazing management’ strategy is low risk. 
 
The consumers’ surplus of environmental non-use values has the highest leverage of the components of 
the NPV as shown in the aggregate cost-benefit analysis (Table 13).  Relaxing the assumptions 
minimally leads to a positive NPV for the ‘water management’ option.  Alternatively extrapolation to 
the remainder of NSW at 25 percent of the value of respondents within the Murrumbidgee catchment 
leads to all options generating a positive NPV.27  More extensive, but still conservative, extrapolation 
to SA leads to a positive NPV for all options that were considered.28   

                                                                 
27 The inclusion of the ‘timber management’ option within the ‘combined strategies’ option leads to 
synergistic effects.  Hence, it should not be concluded that the ‘water management’ and ‘grazing 
management’ options should be applied together in preference the ‘combined strategies’ option. 
28 Adelaide residents exhibited significantly higher willingness to pay for environmental outcomes as 
shown in Research Report 8.  These values are possibly due to a perceived impact on the downstream 
water quality from improved MRF wetland management. 
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Table 15: Summary of sensitivity tests  
Sensitivity test Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Totals per Table 9  -$4,432,112 $5,067,917 -$1,661,441 -$9,703,993 
Discount rate     
Highest NPV -$4,050,229 $6,024,935 -$   241,147 -$  6,997,850 
Lowest NPV -$4,432,112 $3,543,947 -$4,074,483 -$13,525,496 
Time period of adoption     
Highest NPV -$   579,337 $5,700,616 -$   899,466 -$  4,485,411 
Lowest NPV -$4,589,258 $4,285,510 -$2,603,711 -$11,550,119 
Grazing production losses     
Highest NPV -$4,432,112 $6,892,262 -$1,661,441 -$  7,879,648 
Lowest NPV -$4,432,112 $3,972,065 -$1,661,441 -$10,799,845 
 Grazing enterprise returns     
Highest NPV -$4,432,112 $6,636,295 -$1,661,441 -$  8,135,615 
Lowest NPV -$4,432,112 $3,499,539 -$1,661,441 -$11,272,371 
Costs of alternative stock water supply 
Highest NPV -$4,432,112 $8,070,589 -$1,661,441 -$6,701,321 
Lowest NPV -$4,432,112 $5,067,917 -$1,661,441 -$9,703,993 
Timber production losses     
Highest NPV -$4,432,112 $5,067,917 -$   725,886 -$  8,768,438 
Lowest NPV -$4,432,112 $5,067,917 -$4,000,328 -$12,042,881 
Capital costs of water acquisition     
Highest NPV  $  4,648,489 $5,067,917 -$1,661,441 -$     623,393 
Lowest NPV -$22,593,312 $5,067,917 -$1,661,441 -$27,865,193 
Capital costs of wetland rehabilitation 
Highest NPV -$4,086,773 $5,446,257 -$1,661,441 -$  9,325,652 
Lowest NPV -$4,777,450 $4,232,871 -$1,661,441 -$10,539,039 
Costs of ongoing wetland and remnant management (including water income) 
Highest NPV  $1,813,638 $5,542,779 -$1,661,441 -$  3,458,243 
Lowest NPV -$7,554,987 $4,830,486 -$1,661,441 -$12,826,868 
Benefits from recreation     
Highest NPV -$   692,780 $14,346,999 -$1,661,441 $5,807,309 
Lowest NPV -$5,174,229 $  3,226,366 -$1,661,441 -$12,782,407 
Non-use environmental values – relaxation of assumptions 
Highest NPV  $14,458,111 $25,756,045  $4,238,477  $17,239,614 
Lowest NPV -$  5,552,770 $  3,819,455 -$3,378,476 -$11,240,878 
 Non-use environmental values - size of envi ronmental attributes 
Highest NPV -$4,058,966 $5,343,534 -$1,538,129 -$  9,502,215 
Lowest NPV -$6,142,905 $3,357,123 -$3,372,234 -$11,414,786 
Note: The maximum and minimum variations for all strategies may not correspond with a single 

change of assumptions as each assumption may affect alternative strategies differently. 
 Positive NPVT are shaded. 
 
The costs of acquiring sufficient water to implement the ‘water management’ or combined options 
exhibit nearly as great an amount of leverage as non-use environmental values but is only sufficient to 
generate a positive NPV for the ‘water management’ option.  There is a relatively large amount of 
uncertainty surrounding the opportunity costs of water used to create an artificial flood on the MRF.  
The uncertainty arises from the incomplete water reform process in NSW and unknown future returns 
from irrigation enterprises.  The degree of the uncertainty leads to a large range in the possible NPVT 
outcomes (from $4.6m to -$22.6m for the ‘water management’ option).  The impact of potential 
income from future water sales on opportunity costs (both during years when a flood is not released 
and from water sales downstream of the MRF) is also sufficient to generate a positive NPV for the 
‘water management’ option.   
 
The benefits to recreational users of the MRF are also potentially large enough to alter the outcome of 
the NPV for the ‘combined strategies’ option.  Their potential significance is large enough to suggest 
that gathering additional data to facilitate a more accurate estimate would be cost effective. 
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The sensitivity of the aggregate values to multiple variations in the costs or benefits was not assessed in 
this section.  With the exception of the environmental values, costs of water acquisition, future sales of 
water and the impact of recreational values it is unlikely that a combination of changes would be large 
enough to alter the NPVT of the strategies.  This is because all other values are relatively small and 
would require large changes in combination to be sufficient to alter the NPVT outcomes.   
 
The validity of the initial assumptions and the relaxation of these assumptions in the sensitivity tests 
will need to be judged by policy makers.  Policy makers will also need to assess the likelihood that a 
combination of impacts would occur that would alter the outcomes of the sensitivity tests. 
 
The likelihood that other values not estimated could have an impact on the NPVT can be assessed by 
threshold value analysis (for example, the impact of carbon sequestration values or other costs of 
changing management noted in Section 4.2).  A threshold value analysis assesses how large the value 
would need to be to alter the NPVT outcome and the likelihood of the value being sufficiently large.  
Threshold value analysis is beyond the scope of this Research Report but an example of its application 
in the environmental economics literature is Bennett (1999). 
 

7 Conclusions 
 
The results of a bio-economic analysis of potential wetland management strategies in the MRF are 
reported in this Research Report.  The results indicate that under a wide range of possible future 
scenarios, the well being of society, both within and beyond the Murrumbidgee Catchment, would 
increase if wetland rehabilitation was undertaken via changing grazing management practices in 
wetland areas.  That is, the well being of society would increase if the ‘grazing management’ option 
were implemented.  Adoption of additional strategies would not be so likely to lead to an increase in 
the well being of society as indicated by the negative NPV reported in Table 13.  However, the 
assumptions underlying the estimation of the non-use environmental benefits in particular are very 
conservative as indicated in Sections 4.3 and 6. 
 
The importance of the non-use environmental values is emphasised by their dominance over the other 
benefits of changing wetland management including recreation benefits and benefits to wetland 
owners.  This result is driven by the non-use values that are experienced by individuals who live in the 
Murrumbidgee Catchment (including the MRF).  Relaxing the assumptions underlying the non-use 
environmental benefits estimated in Section 4.3 by relatively conservative changes to the base case 
result in a gain to society’s wellbeing for adoption of all strategies separately and together as the 
‘combined strategies’ option (which would produce additional synergistic outcomes).  Hence, it is 
likely that society’s well being would be maximised by adopting strat egies that lead to additional areas 
of wetlands being rehabilitation via changing water and timber harvesting management practices.    
 
The implications for policy from the bio-economic analysis arise from the distributional aspects of the 
cost-benefit analysis.  The main cost is of adopting the ‘water management’ or ‘combined strategies’ 
option is the opportunity cost of sufficient water to create an artificial flood.  Acquisition would not 
reduce current production due to likely efficiency savings from new adoption of new technology, but is 
likely to impose an opportunity cost via reduced future irrigation development.  Hence, the opportunity 
cost is the future costs on irrigators (when compared to BAU).  Other costs of changing management 
are incurred by wetland owners in the form of the capital costs of changing management, the ongoing 
costs of management and the loss of agricultural production.  The major benefits are enjoyed in the 
form of non-use values to individuals who do not necessarily live near the wetlands.  Therefor, a 
transfer from the individuals who do not live near the wetlands to wetland owners would be required to 
achieve the management changes that were defined in the potential wetland management strategies.  
Such a transfer is complicated by the large proportion of values generated to residents of the ACT 
which lies in the Murrumbidgee catchment (the remainder of which is within NSW).  Policy is the 
instrument through which the values of individuals living away from wetlands are mobilised and 
transferred to wetland owners.  Development of the policy solutions that could potentially achieve such 
a transfer is the focus of Research Report 11. 
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Appendix 1: Sensitivity tests 
 
Additional details of the sensitivity tests conducted are provided in this Appendix. Specific details 
about the assumptions changed or variation to cost or benefit measures are provided for each test. 
 
The discount rate 
 
The discount rate used to estimate the NPV for all values (except non-use values) in Section 5 was 
seven percent.  Non-use values remain constant because the discount rate is implicit in the estimation 
methodology and cannot be varied.  The implications of other assumptions about non-use values that 
would have a similar effect to an alternative discount rate are discussed later in this section.  As 
indicated previously there has been significant discussion in the economics literature relating to what 
the appropriate discount rate is for natural resource management programs with relatively long periods 
between investment and generation of benefits.  A lower discount rate implies that benefits and costs in 
the distant future have relatively higher present values than would be the case under a higher discount 
rate.  A higher discount rate implies the opposite.  In this report, sensitivity tests are conducted using 
rates of four and ten percent. 
 
The comparison of NPVs for each discount rate is summarised in Table A1.  A lower discount rate 
makes all options except ‘water management’ less attractive as the present value of  future management 
costs and benefits become relatively larger.  In contrast, a higher discount rate makes all strategies 
appear more attractive.  Grazing management is the only strategy to pass the NPVT. 
 
Table A1: NPV sensitivity: discount rate 
Discount rate Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

4%  -$4,406,318 $3,543,947 -$4,074,483 -$13,525,496 
7% (per Table 13) -$4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 
10%  -$4,050,229 $6,024,935 -$   241,147 -$  6,997,850 
 
Management change time period 
 
All management changes to wetlands and native vegetation are undertaken over a ten-year period in 
Section 5.  The non-use values estimated via the CM survey are not changed in this analysis despite 
faster or slower generation of values depending on the time-period to complete adoption.  A faster 
adoption rate leads to costs being incurred more quickly and a negative impact on the NPV.  Similarly, 
a slower adoption rate defers costs but retains a similar benefit stream hence delivering a positive 
impact on the NPVs.   
 
The potential management strategies could be adopted more quickly or slowly depending on the range 
and availability of incentives.  Changing the time path of adoption changes the timing and distribution 
of costs and benefits.  Sensitivity tests were conducted for an adoption period of five years and fifteen 
years.  Changes to the time-period to acquire sufficient water to create an artificial flood were not 
shortened under the five-year adoption period but were lengthened to 10 years under a fifteen year 
adoption period.  The results of the changes are reported in Table A2.  Changing the time-period of 
adoption alone is not sufficient to alter the outcome of the NPVT for any strategy. 
 
Table A2: NPV sensitivity: time period of adoption 
Time period of management 

change adoption 
Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Five years - five year water -$4,589,258 $4,285,510 -$2,603,711 -$11,550,119 
Ten years - five year water  
     (per Table 13) 

-$4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 

Fifteen years – ten year water -$   579,337 $5,700,616 -$   899,466 -$  4,485,411 
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Grazing production losses  
 
The losses to grazing production as a result of changing the management of wetlands are significant.  
The sensitivity tests of the agricultural production can be conducted for the scale of four distinct types 
of opportunity costs: 
1. The lost production from using wetlands as an input to grazing systems;  
2. The size of the buffer strip required to filter nutrients and ensure healthy wetlands; 
3. The current dse yield from grazing wetland and buffer strips; and,  
4. The size of the surplus generated to wetland owners from grazing. 
 
If similar environmental outcomes can be obtained without eliminating grazing from 10,555 ha then the 
costs of adopting management changes would be significantly reduced.  Hence, sensitivity tests were 
conducted on the assumption that the long-term stocking rate is 50 percent and 25 percent of the level 
achieved by conservation oriented rotational grazing.  The results are reported in Table A3.  The costs 
of reducing grazing in existing wetlands are relatively small (halving grazing costs $1.4m less than 
removing grazing under the ‘grazing management’ and ‘combined strategies’ options).  The degree of 
reduction in grazing that is required to achieve the conservation outcomes may be quite important to 
wetland owners as it is approximately 20 percent of the costs faced by wetland owners.  However these 
changes alone are not sufficiently large to alter the outcomes of the NPVT. 
 
Table A3: NPV sensitivity: grazing production 
Grazing description Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Grazing costs as per Table 4 $              0 -$3,136,756 $              0 -$3,136,756 
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$9,703,993 
Grazing production in wetlands that are no longer grazed(in Section 4.2) 
Productivity 50% rotational $              0 -$1,312,411 $              0 -$1,312,411 
Productivity 25% rotational $              0 -$1,933,186 $              0 -$1,933,186 
     
Aggregate if 50% rotational -$4,432,112 $6,892,262 -$1,661,441 -$7,879,648 
Aggregate if 25% rotational -$4,432,112 $6,271,487 -$1,661,441 -$8,500,423 
Buffer strip ratios 
Ratio 50% higher $              0 -$3,514,047 $              0 -$3,514,047 
Ratio 50% lower $              0 -$2,759,465 $              0 -$2,759,465 
     
Aggregate 50% higher -$4,432,112 $5,445,208 -$1,661,441 -$  9,326,702 
Aggregate 50% lower -$4,432,112 $4,690,626 -$1,661,441 -$10,081,284 
Current dse yield from grazing wetlands 
Productivity 25% higher $              0 -$4,232,608 $              0 -$4,232,608 
Productivity 25% lower $              0 -$2,040,904 $              0 -$2,040,904 
     
Aggregate 25% higher -$4,432,112 $3,972,065 -$1,661,441 -$10,799,845 
Aggregate 25% lower -$4,432,112 $6,163,769 -$1,661,441 -$  8,608,141 
Grazing surplus to wetland owners 
Ratio 50% higher $              0 -$4,705,134 $              0 -$4,705,134 
Ratio 50% lower $              0 -$1,568,378 $              0 -$1,568,378 
     
Aggregate 50% higher -$4,432,112 $3,499,539 -$1,661,441 -$11,272,371 
Aggregate 50% lower -$4,432,112 $6,636,295 -$1,661,441 -$  8,135,615 
 
The second sensitivity test relates to the size of the buffer strip that is needed to filter nutrients to 
facilitate an improvement in wetland health.  The buffer strips are currently specified at a ratio of five 
percent of red gum wetlands, 10 percent of open water wetlands and 20 percent of deep water wetlands.  
Sensitivity tests are conducted on the assumption that the required ratio is 50 percent larger and smaller 
than the specified area.  A 50 percent smaller buffer strip reduces the costs of adoption by $0.4m for 
the ‘grazing management’ and ‘combined strategies’ options.  Similarly, a 50 percent larger buffer strip 
increases costs by $0.4m for the same options.  The change is not sufficient by itself to alter the NPVT. 
 
There is uncertainty regarding the current productivity of wetlands and buffer strips in grazing systems 
due to the difficulties in measurement.  If current productivity is higher than estimated then the 
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opportunity costs of changing wetland management will be higher and vice-versa.  If wetlands provide 
pasture that has special attributes (for example, shelter for lambing or calving) then the relative cost of 
changing management will also be higher and have a similar impact to changing the productivity.  
Sensitivity tests are conducted at 25 percent higher and lower levels of productivity.  A 25 percent 
higher current productivity level increases the opportunity costs of changing wetland management by 
$1.1m and a 25 percent lower level reduces the opportunity costs by a similar amount.  N either change 
is sufficient alone to alter the NPVT. 
 
A major factor in the estimation of the grazing losses is the return to the landholder per unit of 
production (that is, the producers’ surplus per dse).  Livestock returns typically vary over broad ranges 
due to cyclical fluctuations in markets and seasonal conditions.  Sensitivity tests are conducted for 
returns 50 percent lower and higher than the base case.  Sensitivity tests are not conducted for farmers 
shifting to higher return industries because this scenario could be the reason for an average shift 
upwards of returns.29  The impact of raising or lowering returns by twenty percent is shown in Table 
A3.  The absolute impact is about $1.6m for the ‘grazing management’ and ‘combined strategies’ 
options.  The impact is not sufficient by itself to alter the outcomes of the NPVT. 
 
Timber production losses 
 
The losses to wetland owners (public and private) as a result of changing timber harvesting practices 
amount to nearly $4.8m.  Sensitivity tests of these impacts can be conducted on the yield and the return 
to wetland owners.  The sensitivity tests on yield relate to uncertainty regarding future yields (for 
example, due to the likely positive impact of artificial floods) and whether greater yields can be 
harvested or shorter rotations undertaken while achieving environmental goals.  Return to wetland 
owners from timber harvests may shift due to market fluctuations and are analogous to shifts in yield.   
 
Sensitivity tests are conducted for a 20 percent higher and lower yield.  Results are reported in Table 4.  
A 20 percent higher yield increases the costs of adopting the ‘timber management’ and ‘combined 
strategies’ option by $0.9m, while a 20 percent lower yield reduces costs by a similar amount.  
Sensitivity tests of the income from timber sales are conducted for a 50 percent higher and 20 percent 
lower price.  The large increase is because changes in forestry management practices Australia wide 
are likely to increase the cost of hardwoods.  At a 50 percent higher price the costs of adopting the 
‘timber management’ or ‘combined strategies’ option increase by $2.3m while costs are reduced by 
$0.9m if timber prices fall by 20 percent.  Although these changes  are significant, they are insufficient 
by themselves to alter the outcome of the NPVT for any option. 
 
Table A4: NPV sensitivity: timber production 
Timber harvesting description Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Timber costs as per Table 6 $              0 $              0 -$4,677,775 -$4,677,775 
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$9,703,993 
Timber production of wetlands  
Production 20% higher $              0 $              0 -$5,613,331 -$5,613,331 
Production 20% lower $              0 $              0 -$3,742,220 -$3,742,220 
     
Aggregate if 20% higher -$4,432,112 $5,067,917 -$2,596,996 -$10,639,548 
Aggregate if 20% lower -$4,432,112 $5,067,917 -$   725,886 -$  8,768,438 
Income per m 3 from timber sales 
Income 50% higher $              0 $              0 -$7,016,663 -$  7,016,663 
Income 20% lower $              0 $              0 -$3,742,220 -$  3,742,220 
     
Aggregate if 50% higher -$4,432,112 $5,067,917 -$4,000,328 -$12,042,881 
Aggregate if 20% lower -$4,432,112 $5,067,917 -$   725,886 -$  8,768,438 
 
 
 

                                                                 
29 Shifting enterprise mixes could potentially have significant impacts on wetland health where grazing 
management practices are not adjusted to minimise impacts. 
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Cost of alternative water supplies  
 
Many wetland owners would need to install at least some stock water supply systems if grazing 
management is changed and wetlands are fenced off from larger paddocks.  The cost estimates in 
Section 4.2 were transferred from a proposal for a large scale stock watering system on Forest Creek, 
an anabranch of Billabong Creek in south western NSW.  Alternative stock water supply systems in the 
Murrumbidgee may require installation of a larger number of smaller systems.  The cost per hectare 
may be higher or lower depending on the level of existing infrastructure.  Sensitivity tests are 
conducted at a 30 percent higher and lower cost per hectare of installing such systems.  This sensitivity 
test is equivalent to installing alternative stock watering systems over a 30 percent larger or small area 
at the transferred cost per hectare.  The results of the tests are reported in Table A5.  As indicated in 
Table A5 variations in the cost of alternative stock water supplies have little impact on the NPVT 
however these costs may be significant obstacles to changing wetland management for individual 
wetland owners. 
 
Table A5: NPV sensitivity: alternative stock water supplies 
 Water 

management 
Grazing 

management 
Timbe r 

management 
Combined 
strategies 

Timber costs as per Table 7 $              0 -$2,920,934 $              0 -$   191,549 
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$9,703,993 
Cost per hectare of alternative stock water supply  
Cost 30% higher per hectare $              0 -$   249,014 $              0 -$   249,014 
Cost 30% lower per hectare $              0 -$   134,084 $              0 -$   134,084 
     
Aggregate if 30% higher -$4,432,112 $7,955,659 -$1,661,441 -$6,816,250 
Aggregate if 30% lower -$4,432,112 $8,070,589 -$1,661,441 -$6,701,321 
 
Capital cost of wetland rehabilitation 
 
The capital costs of wetland rehabilitation comprise the capital costs relating to water acquisition, 
engineering works (fencing and infrastructure) and revegetation.  The sensitivity of these cost areas is 
analysed in this section.   
 
The degree of uncertainty surrounding the direct capital costs of water acquisition is difficult to assess.  
The size of the water acquisition required is unlikely alone to reduce the total quantity of water 
available for irrigation below current levels as indicated in Section 4.2.  However, continued 
development of ‘sleeper’ and ‘dozer’ licences as well as variations in environmental flow rules may 
cause a reduction in allocations, particularly in combination with the acquisition of water for an 
artificial flood.  Another important factor that will impact on the cost of water licences in the 
Murrumbidgee region is the completion of the water reform program in NSW.  Hence the potential 
variation in prices may be significant.  Sensitivity tests of the costs of water acquisition are conducted 
on the projected average allocation (as a percentage of licence held) at 10 percent lower (82 percent) 
and full allocation (100 percent).  Tests are also conducted on water prices 50 percent lower and 50 and 
100 percent higher.  The results of the tests are shown in Table A6.  If the cost of acquiring water is 50 
percent lower the ‘water management’ strategy generates a positive NPVT. 
 
The costs of engineering works to prevent irrigation impacts on wetlands (pumping and drainage) and 
remove levees are difficult to assess due to the scale of works required and lack of comparable projects.  
Hence, the sensitivity of the NPVT to the cost of engineering works to rehabilitate wetlands is assessed 
using a 30 percent increase and decrease in costs.  The impact is shown in Table A6.  Strategy NPVs 
vary by up to $0.5m (‘water management’ and ‘combined strategies’) which is not sufficient alone to 
alter the outcome of the NPVT. 
 
Revegetation expenditure is incurred for five percent of wetland areas that are no longer gr azed.  
Revegetation is required where viable seed-banks no longer exist.  Potentially many rehabilitated 
wetland areas require some revegetation work.  Sensitivity tests are conducted at 15 percent, 10 percent 
and no wetlands from which grazing is excluded requiring revegetation.  Revegetation costs vary from 
$0.6m (15 percent requiring revegetation) to $0m.  Variations in revegetation costs alone are unlikely 
to alter the outcome of the NPVT. 
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Table A6: NPV sensitivity: wetland rehabilitation capital costs 
Cost class Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Capital costs of wetland rehabilitation – water acquisition 
Costs per Table 10 $18,161,201 $              0 $              0 $18,161,201 
Allocations 10% lower  -$20,375,981 $              0 $              0 -$20,375,981 
Allocations at 100%  -$16,708,305 $              0 $              0 -$16,708,305 
Opportunity cost of water 50% lower -$  9,080,600 $              0 $              0 -$  9,080,600 
Opportunity cost of water 50% higher -$27,241,801 $              0 $              0 -$27,241,801 
Opportunity cost of water 100% higher -$36,322,401 $              0 $              0 -$36,322,401 
     
Aggregate NPV per Table 13 -$  4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 
Aggregate 10% lower allocation -$  6,646,892 $5,067,917 -$1,661,441 -$11,918,773 
Aggregate 100% allocation -$  2,979,216 $5,067,917 -$1,661,441 -$  8,251,097 
Aggregate 50% lower cost $  4,648,489 $5,067,917 -$1,661,441 -$     623,393 
Aggregate 50% higher cost -$13,512,712 $5,067,917 -$1,661,441 -$18,784,593 
Aggregate 100% higher cost -$22,593,312 $5,067,917 -$1,661,441 -$27,865,193 
Capital costs of wetland rehabilitation – engineering works 
Costs per Table 10 -$1,151,129  $              0               $              0              -$  1,151,129 
Rehabilitation costs 30% higher  -$1,496,468 $              0 $              0 -$  1,496,468 
Rehabilitation costs 30% lower -$   805,790 $              0 $              0 -$     805,790 
     
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 
Aggregate rehabilitation 30% higher -$4,777,450 $5,067,917 -$1,661,441 -$10,049,332 
Aggregate rehabilitation 30% lower -$4,086,773 $5,067,917 -$1,661,441 -$  9,358,654 
Costs of revegetation  
Costs per Table 10  $              0              -$   208,761  $              0              -$     208,761 
Revegetation 15% wetlands   $              0              -$   626,284  $              0              -$     626,284 
Revegetation 10% wetlands $              0 -$   417,523 $              0 -$     417,523 
Revegetation  no wetlands $              0 $              0 $              0 $                0 
     
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 
Aggregate revegetation 15% wetlands -$4,432,112 $4,232,871 -$1,661,441 -$10,539,039 
Aggregate revegetation 10% wetlands -$4,432,112 $4,441,632 -$1,661,441 -$10,330,277 
Aggregate revegetation no wetlands -$4,432,112 $4,859,155 -$1,661,441 -$  9,912,754 
Fencing capital costs 
Costs per Table 10 $              0 -$1,261,135 $              0 -$  1,261,135 
30% less fencing required $              0 -$1,639,475 $              0 -$  1,639,475 
30% more fencing required $              0 -$   882,794 $              0 -$     882,794 
     
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 
Aggregate 30% less -$4,432,112 $4,689,576 -$1,661,441 -$10,082,333 
Aggregate 30% more -$4,432,112 $5,446,257 -$1,661,441 -$  9,325,652 
 
The cost of fencing is well established, however the quantity required to fence wetland areas off is less 
certain, particularly as wetlands are often irregular in shape.  Increasing and reducing the quantity of 
fencing required under each strategy by 30 percent assesses the sensitivity of rehabilitation cost to the 
quantity of fencing.  The relatively large range over which the quantity of fencing is tested reflects the 
large degree of uncertainty relating to the fencing data.  Variations over this range are insufficient alone 
to alter the outcome of the NPVT. 
 
Ongoing wetland and remnant management costs 
 
The net ongoing management costs are an important component of total costs as they include ongoing 
management of wetlands and works, running costs of engineering works and ongoing costs and income 
from water acquisitions.   
 
Ongoing wetland management costs are based on rough estimates provided by State Forests NSW as 
the majority of wetland areas are red gum forests.  There has been some debate about the efficiency 
with which government departments are able to manage lands, particularly when there are many 
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scattered areas that are managed as is the case with river red gum forests (see for example Bennett 
2001).  For example, costs include time to travel to sites that would not be required by landowners 
living on, or near the site.  However, public agencies have also been criticised for inadequately 
managing some areas suggesting that more resources may be required for adequate management.  
Hence, sensitivity testing is undertaken on costs 20 percent higher and 40 percent lower.  The results of 
the management cost sensitivity analysis are reported in Table A5.  While the total impact of these 
sensitivity tests on the NPVT is not large (costs 40% lower reduces total costs by up to $1.2m for the 
‘combined strategies’ option) they form a larger proportion of the costs faced by farmers.  Hence, a 
case exists to more accurately determine the scale of these costs to wetland owners.  Alone none of 
these sensitivity tests cause any change to the outcome of the NPVT. 
 
Table A7: NPV sensitivity: wetland rehabilitation capital costs 
Cost class Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

Costs of maintenance and management 
Costs per Table 10 -$   478,406 -$1,187,156 $               0 -$  1,984,500 
Costs 20% higher per hectare -$   574,087 -$1,424,587 $               0 -$  2,381,399 
Costs 40% lower per hectare -$   287,044 -$   712,294 $               0 -$  1,190,700 
    
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 
Aggregate 20% higher per hectare -$4,527,793 $4,830,486 -$1,661,441 -$10,100,893 
Aggregate 40% lower per hectare -$4,240,749 $5,542,779 -$1,661,441 -$  8,910,193 
Costs of managing engineering works 
Costs per Table 10 -$     87,751 $               0 $               0 -$       87,751 
Costs 20% higher per hectare -$   114,076 $               0 $               0 -$     114,076 
Costs 40% lower per hectare -$     61,425 $               0 $               0 -$       61,425 
    
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$9,703,993 
Aggregate 20% higher per hectare -$4,458,437 $5,067,917 -$1,661,441 -$9,730,318 
Aggregate 40% lower per hectare -$4,405,787 $5,067,917 -$1,661,441 -$9,677,668 
Ongoing costs holding and using water licences 
Costs per Table 10 $              0 $               0 $               0 $              0 
No costs per ML to env’t uses -$1,273,595 $               0 $               0 -$1,273,595 
No costs at a 100% higher per ML -$2,547,191 $               0 $               0 -$2,547,191 
    
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 
Aggregate if no costs per ML -$5,705,707 $5,067,917 -$1,661,441 -$10,977,588 
Aggregate if no costs at a 100% 
higher per ML level of charges 

-$6,979,302 $5,067,917 -$1,661,441 -$12,251,183 

Future income from water sales 
Costs per Table 10 $  6,245,750 $               0 $               0 $  6,245,750 
Income if water prices increase 50% $  9,368,625 $               0 $               0 $  9,368,625 
Income if water prices increase 100% $12,491,500 $               0 $               0 $12,491,500 
Income if water prices decrease 50% $  3,122,875 $               0 $               0 $  3,122,875 
Income if 15% flood sold @ $17 ML $  7,128,565 $               0 $               0 $  7,128,565 
Income if 30% flood sold @ $17 ML $  8,011,380 $               0 $               0 $  8,011,380 
    
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 
Aggregate 50% higher water prices -$1,309,237 $5,067,917 -$1,661,441 -$  6,581,118 
Aggregate 100% higher water prices  $1,813,638 $5,067,917 -$1,661,441 -$  3,458,243 
Aggregate 50% lower water prices -$7,554,987 $5,067,917 -$1,661,441 -$12,826,868 
Aggregate 15% flood sold -$3,549,297 $5,067,917 -$1,661,441 -$  8,821,178 
Aggregate 30% flood sold -$2,666,482 $5,067,917 -$1,661,441 -$  7,938,364 
 
The second ongoing cost class for which sensitivity tests are undertaken is the costs of operating the 
engineering works (for example, to pump water from the river to avoid impacts on wetlands).  These 
costs are difficult to estimate because the total quantity of water harvested is unknown (due to much of 
it being under surplus flow licenses that are not volumetric at present).  Sensitivity tests are conducted 
at 30 percent higher and lower costs and the results reported in Table A5.  These tests are equivalent to 
30 percent more or less water being pumped or higher or lower costs per ML of water pumped.  The 
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ongoing costs of pumping have very little impact on the NPVT but may be significant for individual 
wetland owners as they are only distributed amongst approximately 7 wetland owners (hence could 
amount to a present value of over $10,000 per wetland owner). 
 
The third sensitivity test in this section relates to the costs of holding and using a water licence.  Water 
licences are subject to a fixed ‘resource management charge’ ($1.35 ML) and a variable ‘delivery 
service’ and ‘water usage’ charge ($0.64 ML and $0.78 ML respectively) (NSW Agriculture 2001).  
The resource management charge is applied to the total licence each year while the delivery service and 
water usage charges are only applied to water actually used.  These costs were assumed to continue to 
be paid (by the purchaser) aft er water is acquired for an artificial flood, therefore they do not impact on 
aggregate costs of changing resource use as estimated in Section 4.2.  If these charges were not paid, an 
additional cost would be imposed on taxpayers or irrigators to cover the reduced revenue.  Hence, the 
first test relates to the additional cost if these charges were not levied on environmental users. 
Removing these charges increases the costs of adopting the ‘water management’ and ‘combined 
strategies’ options by $1.3m.  As part of the water reform process the full costs of water are eventually 
to be included in the price of water potentially significantly increasing water-licensing charges.  Hence, 
sensitivity tests are also conducted for a 100 percent in both the fixed and volumetric usage charges 
over time where these costs are no longer paid.30  Removing these charges at the higher level would 
increase costs by $2.5m for the ‘water management’ and ‘combined strategies’ options.  This increase 
is not sufficient alone to alter the NPVT. 
 
The final sensitivity test in this section relates to the quantity and price of water that is sold one in six 
years (when an artificial flood is not created).  The price of water could be higher or lower than current 
levels.  Increased inter-catchment water trading and allocation rules that allow borrowing and saving of 
some water across years will reduce the impact that such a large quantity of water would otherwise 
have on the market.  Development of a transparent set of rules that allow relatively early decisions to 
be made regarding whether water is held or sold will further reduce the impact.  However, because 
such water would only be available relatively rarely it is likely to be used for relatively lower value 
annual crops hence generating a lower price than current sales.  However, as water becomes scarcer the 
cost of temporary trades may increase leading to higher income from such sales.  Hence, sensitivity 
tests are conducted at a 25 percent increase and decrease in water prices and a 50 percent increase in 
water prices.  Variations in the price of water sold are significant, up to $6.2m for a 100 percent 
increase in water prices under the ‘water management’ and ‘combined strategies’ options.  Such a large 
increase is sufficient to generate a positive NPVT for the ‘water management’ option. 
 
An additional aspect of water sales is the potential for some of the water used to create the artificial 
flood being sold downstream of the case study area.31  Sales of such water would increase the income 
generated in the future.  However, the timing of the release together with the quantity of rainfall may 
significantly reduce the demand for water.  Water lost by filling wetlands and through infiltration and 
evaporation would not be available for sale.  Sensitivity tests are conducted assuming that 15 and 30 
percent of water is available for sale downstream of the study area at a conservative price of $17 ML 
(or half the price of temporary trades).  Such trades would not commence until sufficient water had 
been acquired to facilitate a flood, that is, at least five years.  Hence, the present value of sales is 
relatively low at $1.8m if 30 percent is sold which is not sufficient alone to alter the outcome of the 
NPVT for any option. 
 
Non-use environmental values 
 
A number of sensitivity tests of the non-use environmental values were fore-shadowed in Section 4.1, 
namely: 
• Extrapolation of non-use values beyond the survey response rate; 
• Extrapolation of non-use values to any population growth (or decline) over the next 30 years; 
• Extrapolation of values beyond the SA population; and, 
• Adjustment of data for protests against the payment vehicle. 
Additional sensitivity tests are also conducted on the sensitivity of the value to changes in: 

                                                                 
30 It is assumed that any such increase in water charges is not a direct response to no-cost to 
environmental users as this would result in double counting. 
31 Downstream of the study area the impact of the peak is insufficient to flood wetlands hence creating 
only relatively minor in-stream benefits that are not estimated in this Research Report. 
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• The area of healthy wetlands 
• The number of wetland and woodland birds;  
• The number of native fish; and, 
• Whether any farmers would be forced to leave farming as a result of management changes. 
 
An initial sensitivity test of the aggregated value to the confidence interval of the underlying individual 
willingness-to-pay estimate was conducted.  The test, reported in Table A8, indicates that the range of 
the confidence interval is fairly narrow (a bandwidth between $2.2m and $3.7m).  The width of the 
confidence interval is not sufficient alone to alter the NPVT of any option.  Such a narrow confidence 
interval increases confidence in the reliability of the non-use value estimates. 
 
Table A8: NPV sensitivity: non-use environmental values 
Surplus estimate Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

CS as Table 11  $8,458,507 $9,211,723 $3,016,335  $11,832,400 
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$  9,703,993 
Sensitivity tests of confidence interval of individual WTP estimates 
Upper 95% confidence interval $9,518,895 $10,545,441 $5,114,113 $13,506,413 
Lower 95% confidence interval $7,337,848 $  7,963,261 $1,299,299 $10,295,514 
     
Aggregate 95% lower -$3,371,723 $6,401,634  $   436,338 -$  8,029,979 
Aggregate 95% upper -$5,552,770 $3,819,455 -$3,378,476 -$11,240,878 
Sensitivity tests of extrapolation 
Population growth $  9,850,656 $10,727,841 $3,512,780 $13,779,843 
30% of non-respondents $14,503,851 $15,795,395 $5,172,127 $20,289,085 
If Adelaide included  $27,348,730 $29,899,851 $8,916,252 $38,776,006 
If rest of NSW included at 25% $26,601,638 $29,301,664 $7,093,290 $38,695,904 
Protest free WTP $13,257,955 $14,011,171 $7,815,783 $16,631,847 
     
Aggregate with growth -$  3,039,962 $  6,584,035 -$1,164,995 -$  7,756,549 
Aggregate 30% more   $  1,613,233 $11,651,589  $   494,352 -$  1,247,307 
Aggregate with Adelaide  $14,458,111 $25,756,045  $4,238,477  $17,239,614 
Aggregate with rest of NSW at 25%  $13,711,019 $25,157,857  $2,415,515  $17,159,512 
Aggregate protest adjusted  $     367,336 $  9,867,365  $3,138,007 -$  4,904,545 
Sensitivity tests of endangered species outcomes 
20% more extra healthy wetlands $  8,831,652 $  9,487,340 $3,016,335 $12,034,177 
30% less extra healthy wetlands $  7,718,450 $  8,600,161 $3,016,335 $11,362,579 
20% more extra native birds $  8,587,836 $  9,307,227 $3,111,839 $11,972,425 
30% less extra native birds $  8,228,588 $  9,053,226 $2,857,838 $11,570,713 
20% more extra native fish $  8,625,491 $  9,335,035 $3,139,647 $12,014,565 
50% less extra native fish $  7,924,156 $  8,855,489 $2,660,101 $11,164,461 
Adoption causes 5 farmers to leave $  7,603,110 $  8,356,326 $2,160,938 $10,977,003 
Adoption causes 10 farmers to leave $  6,747,713 $  7,500,930 $1,305,542 $10,121,606 
     
Aggregate +20% extra wetlands -$4,058,966 $5,343,534 -$1,661,441 -$  9,502,215 
Aggregate –30% extra wetlands -$5,172,169 $4,456,355 -$1,661,441 -$10,173,813 
Aggregate +20% extra native birds -$4,302,783 $5,163,421 -$1,565,936 -$  9,563,967 
Aggregate –30% extra native birds -$4,662,030 $4,909,420 -$1,819,937 -$  9,965,680 
Aggregate +20% extra native fish -$4,265,127 $5,191,228 -$1,538,129 -$  9,521,828 
Aggregate –50% extra native fish -$4,966,463 $4,711,683 -$2,017,675 -$10,371,932 
Aggregate 5 fewer farmers -$5,287,508 $4,212,520 -$2,516,837 -$10,559,389 
Aggregate 10 fewer farmers -$6,142,905 $3,357,123 -$3,372,234 -$11,414,786 
 
The impact of the conservative nature of the non-use consumers’ surplus is revealed by the sensitivity 
tests of the underlying assumptions.  Inclusion of the projected growth in the number of households 
over the next 30 years (using Australian Bureau of Statistics projections, ABS 1999) increases 
consumers’ surplus by between $0.5 and $1.9m but does not change the NPVT outcomes.  
Extrapolation of the consumers’ surplus to 30% of non-respondents as discussed by Morrison (2000) 
increases consumers’ surplus by between $2.2m (timber management) and $8.5m (combined 
strategies).  The inclusion of 30% of non-respondents is sufficient to induce a positive NPV for the 
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‘water management’ option.  Inclusion of the population of Adelaide is justified by the similar values 
for wetland conservation in the MRF that were reported by Adelaide respondents (at a similar response 
rate).  Including Adelaide households in the extrapolation increases aggregate values by between $5.9m 
and $26.9m and leads to a positive NPV for all options.  Although a sample was not undertaken in the 
remainder of NSW it is likely that significant values for wetland outputs exist, particularly as the 
majority of NSW residents live closer to the wetlands than Adelaide residents.  If NSW households are 
only willing to pay a quarter of Murrumbidgee catchment households (including the ACT) the 
aggregate non-use consumers’ surplus is tripled for all outcomes as shown in Table A8 and all NPVs 
become positive except the ‘timber management’ strategy.   
 
A final sensitivity test of assumptions is whether ‘protests’ would affect the NPVs (see Box A1 for a 
summary of the definition of ‘protests’ and Research Report 8 for methodology and discussion).  
Estimates of a ‘protest free’ consumers’ surplus for each strategy are reported in Table A8.  The 
protest-free aggregate estimate increases the willingness to pay by $4.8m for all strategies.  The 
increase is nearly sufficient to induce a positive NPV for the ‘timber management’ option. 
 
Box A1: Non-market values of wetlands: A choice modelling study of wetlands in the Upper South 
East of SA and the MRF in NSW (Research Report 8) 
• The willingness to pay estimated is subject to concerns about the payment vehicle (income tax), 

the management and allocation of payments (for example can government be trusted to allocate the 
levy as promised and not to waste money), whether the levy would be one-off and whether 
respondents understood the survey.  

• Questions to elicit feedback can identify respondents concerned about these issues (generically 
termed protests). 

• If ways can be found to alleviate these concerns then respondents would be willing to pay more to 
achieve the outcomes specified. 

• Alleviating the concerns of respondents would increase the average willingness to pay for the 
‘water management’ option from $131.55 to $206.19, an increase of $74.64.  

 
A second area of sensitivity tests conducted was the sensitivity of the consumers’ surplus to achieving 
the specified improvements in environmental attributes as indicated in Table 2.  For example, if the 
additional area of healthy wetlands is 30 percent less than indicated in Table 2 for each option, the 
NPV falls up to $0.7m (‘wat er management’ strategy).  Similar sensitivity tests were conducted for all 
environmental attributes.  No changes were sufficient alone to alter the outcome of the NPVT.  Tests 
were also conducted on the possibility that management changes cause farms to leave as their farms are 
no longer viable.  These sensitivity tests were also insufficient to alter the outcome of the NPVT.  
These total values generated are relatively insensitive to variations in the environmental attributes due 
to the non-linear model used to estimate prices.  The non-linear model means that a higher willingness 
to pay exists for the first incremental change and then becomes progressively smaller with each 
successive change.  Hence, a greater sensitivity would be associated with small changes over large 
changes. 
 
Benefits from recreation 
 
Sensitivity tests for the consumers’ surplus generated by improvements to wetland healthy are 
undertaken for the consumer surplus generated, the number of additional visitors and the additional 
benefits generated to current visitors.  The transfer of the consumers’ surplus from the Ovens and King 
Basin to the MRF is problematic due to potential differences in visitor demographics, the biophysical 
attributes of the sites valued and the similarity of the recreational activities.  These factors cause a 
relatively large degree of uncertainty regarding the appropriate consumers’ surplus estimate.  Hence the 
consumer’s surplus is tested at 50 percent higher and lower than the estimate transferred from Sinden 
(1990).  The results of the tests are reported in Table A9.  A change in the consumers’ surplus of 
additional visitors alone is insufficient to alter the NPVT. 
 
The estimates of visitor numbers are optimistic given the extrapolation of visitor counts across sites and 
time.  However, the data was collected in 1986 and with growth in population and shifts in demand the 
number of visits may have significantly increased.  The sensitivity tests for the growth in visitor 
numbers are undertaken for a 50 percent decrease and 100 percent higher increase in the number of 
visitors.  The results of the tests are shown in Table A9.  A change in visitor numbers alone is 
insufficient to alter the outcome of the NPVT. 



 

   

34 

 
 

 
The final sensitivity test relating to the recreational consumers’ surplus of visitors to the Murrumbidgee 
River and floodplain relates to the additional surplus to current visitors generated by improvements in 
wetland health.  Sinden (1990) estimates the additional benefits to current recreational users in the 
Ovens and King Basin from river management works at $16 per group visit.  The options discussed in 
Research Report 6, and for which costs and benefits are compiled in this Research Report, will not 
significantly impact the biophysical attributes of the Murrumbidgee River (except for the population of 
native fish).  However, they are likely to impact significantly on the attributes of the floodplain 
including red gum forests and billabongs therefore potentially generating additional benefits to existing 
visitors.  A sensitivity test of the potential scale of such benefits was conducted using values of $5 and 
$2 for the ‘combined strategies’ outcome and weighting this value for the other options according to 
the proportion of healthy wetlands when compared to the ‘combined strategies’ option.  The value for 
each strategy is reported in Table A9.  At a maximum of $5 the ‘combined strategies’ option generates 
a positive NPVT.  As the siz e of the values generated significantly impacts on the NPVT a strong case 
exists for additional research into the impacts of changing wetland management on recreational values. 
 
Table A9: NPV sensitivity: recreation consumers’ surplus 
Surplus estimate Water 

management 
Grazing 

management 
Timber 

management 
Combined 
strategies 

CS as per Table 12 $   742,118 $1,841,551 $              0 $3,078,414 
Aggregate NPV per Table 13 -$4,432,112 $5,067,917 -$1,661,441 -$9,703,993 
Sensitivity tests of alternative consumers’ surpluses 
Consumers’ surplus 50% higher  $   371,059  $   920,776 $              0  $1,539,207 
Consumers’ surplus 50% lower  $1,113,176  $2,762,327 $              0  $4,617,621 
     
Aggregate 50% higher -$4,803,171 $4,147,141 -$1,661,441 -$11,243,200 
Aggregate 50% lower -$4,061,053 $5,988,692 -$1,661,441 -$  8,164,786 
Sensitivity tests of extra visitors 
No extra visitors $              0 $              0 $              0 $               0 
Twice as many extra visitors  $1,484,235  $3,683,102 $              0  $ 6,156,828 
     
Aggregate no extra -$5,174,229 $3,226,366 -$1,661,441 -$12,782,407 
Aggregate twice as many -$3,689,994 $6,909,468 -$1,661,441 -$  6,625,579 
Sensitivity tests of additional benefits to current visitors* 
Extra benefits per visitor (max $5)  $1.21 $2.99 $0.00 $5.00 
Extra benefits per visitor (max $2) $0.48 $1.20 $0.00 $2.00 
Consumers’ surplus max $5 extra  $4,481,449  $11,120,633 $              0  $18,589,715 
Consumers’ surplus max $2 extra  $2,237,850  $  5,553,184 $              0  $  9,282,934 
     
Aggregate max $5 -$   692,780 $14,346,999 -$1,661,441 $5,807,309 
Aggregate max $2 -$2,936,379 $  8,779,550 -$1,661,441 -$3,499,472 
*   The additional benefits per visitor were proportionately allocated according to the additional area of 

healthy wetlands up to a maximum value for the ‘combined strategies’ option 
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