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Executive Summary

The Great Artesian Basin (GAB) is a resource that yields both public and private benefits to
society. To address high rates of water usage and wastage, the Commonwealth and State
governments introduced a Great Artesian Basin Sustainability Initiative, with phase 1 between
1999 and 2004, phase 2 between 2004 and 2009, and Phase 3 still to be agreed. The analysis
provided in this report has focused on identifying and valuing the non-farm benefits associated
with the GABSI. There are several key conclusions to be drawn from the work.

1.

There is a range of different benefits associated with the improved management of the
GAB. These benefits span a number of different issues, covering economic,
environmental and social interests.

The benefits of improved management will accrue to both land managers (on-farm
benefits) and other groups in society (off-farm benefits). Most on-farm benefits, such as
improved stock water access and reduced mustering costs, are direct use benefits. There
are three broad categories of off-farm benefits:

a. Direct use benefits, such as those enjoyed by recreation users,

b. Indirect use benefits, such as a potential reduction in greenhouse gas emissions
and

c. Non-use benefits, particularly those relating to protecting the asset, maintaining
ecological and biodiversity assets, and maintaining cultural heritage.

There are four main groups in society who enjoy the benefits of improving the
management of the GAB:

a. Land managers, who can gain additional direct production benefits,

b. Residents in the GAB, who can enjoy the direct, indirect and non-use benefits
involved,

c. Visitors to the GAB who can enjoy recreation benefits,

d. Other people in Australia who may have significant non-use values for continued
protection of GAB assets.

An economic framework is appropriate to evaluate whether the investment of public
funding in the bore capping program is justified. The appropriate test is that the public
investment contributes to net social benefit.

It is expected that the level of private benefits will be larger than the level of private costs
involved. Some level of net private benefit is required to generate landholder
involvement, and may be a necessary engagement cost for the program.

To ensure there are overall net benefits, the off-farm benefits should also exceed the off-

farm costs involved, with the latter almost exclusively comprised of public investment in

the program. Under this approach, the assessment framework can be narrowed to a test of
3
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whether the public investment is generating enough off-farm benefits for the program to
pass a benefit cost test.

7. The key categories of off-farm benefits associated with the protection of the GAB can be
summarised as follows:

e Direct use values for recreation and tourism

e Option values (maintaining the asset for future use and non-use purposes by
avoiding excessive use and wastage)

¢ Biodiversity protection values (incorporating quasi-option, bequest and existence
values) for both native biodiversity and the removal of weeds and pests.

e Cultural heritage protection values for both aboriginal and early settlement
interests

e Ecosystem services for reduction in greenhouse gas emissions

8. Most or many of these benefits are not traded or costed in traditional markets, so non-
market valuation techniques are needed to assess values. No valuation studies directly
relevant to the GAB could be found.

9. A benefit transfer process has been used to evaluate similar non-market valuation
exercises and to extrapolate values to the GAB case study. A limited number of other
source studies has been identified that provides some indication of potential values for
non-farm benefits. Key categories and estimates of benefits are shown as follows:

Valuation issue Estimated annual value

Direct use values for recreation and At least $0.5 Million per annum

tourism

Option values (for both future use and non- | Some subset of $100 Million per annum

use purposes) (likely to be less than $20 Million per
annum)

Biodiversity protection values for native Some subset of $123.6 Million per annum

biodiversity (likely to be less than $41M per annum) for

12 major spring groups of unique
ecosystems, plus $5.8 Million per annum
for one endangered species

Biodiversity protection values for removal | Value included in estimates of biodiversity

of pests and weeds benefits

Cultural heritage protection values Significant, but lack of data does not allow
assessment

Ecosystem services: reduction in Approximately $1.14 Million per annum in

greenhouse gas emissions cost reductions to meet emission targets if

the reduction in greenhouse emissions is
accounted for in national targets and
trading caps.
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10. The non-farm benefits of improving the management of the GAB may be as high as
approximately $68 Million per annum, but the deficiency of suitable primary studies in
the benefit transfer exercise means that this estimate has to be treated with caution.

11. The only approach to achieving more accurate assessments of the non-market values
associated with off-farm costs and benefits would be to undertake a dedicated study on
the region.

12. A number of knowledge gaps have been identified as a part of this study. These occur in
two main groups:

Gaps in technical knowledge about management impacts

e Net savings in extractions from GAB after any extra extractions for mining or
other new developments have been considered

e Number, expenditure and duration of tourism visits to GAB sites, and relationship
between visitation and site condition,

e Predicted improvements in biodiversity outcomes from improving water pressure

e Predicted improvements in the control of weeds and pests from the reduction in
bore drains and the subsequent benefits on biodiversity.

Gaps in knowledge about values of management impacts
e Values for changes to the GAB as a whole,

e Values for changes in components of GAB (recreation, artesian springs, wetlands,
endangered species)

¢ Influence of any special or iconic status on values,

e How values may be sensitive to the quantity of environmental benefits involved,
and

e How values vary by population group (e.g. GAB population, tourists, state
populations, national population).

13. Any consideration of further investment in GABSI would benefit from appropriate
studies to address technical gaps in knowledge and non-market valuation studies to
estimate values of off-farm benefits in key categories.

R & Z Consulting; August 2008



Off-Farm Economic Values of Saving Water and Restoring Pressure in the Great Artesian Basin
I ——

Table of Contents

L. INEFOTUCTION ...ttt b et b bbbt e e ettt et ben e 8
2. The Great ArteSIAN BaASIN.......cciiiiiiieiiiieie ettt ettt ettt sa e be s e e 10
3. The Economic Framework and Non-Market Valuation .............cccceoeiiiieiciininne e 15
3.1 The ECONOMIC FramMEWOIK.........ccouiiiiiiiiiie sttt 15
3.2 Categorisation OF VAIUES. ..o 17
3.3 Non-market valuation teChNIQUES .........cceiieieieiieicie e 18
3.4 BeNefIt trANSTOI......ei e 20
3.5 Marginal ANALYSIS......cuoiiiiiiie e 21
3.6 Designing POlICY OPLIONS ......ccueiiiieieiiii it 22
4. A Framework for Assessing Off-Farm ValUes ..........ccoooiiiiiiiiii e 24
4.1 ClasSifying DENETILS......oiiiieie e 24
4.2 Selecting an assesSMENt FramMEWOIK.........ccvcveieiiiiieiiiieiese e 26
5. Non-market values and benefit tranSTer ..o 28
5.1 Values associated with recreation in outback areas.............ccocovevervieinininenenenns 29
5.2 Values associated with options for future use or conservation..............c.ccoccevervenenn, 29
5.3 Values associated with biodiversity proteCtion............cccooceeeeieniienieeneseseee e 30
5.4 Values associated with the removal of weeds and Pests........cccocvvereiviiininneiennen, 33
5.5 Values associated with cultural Neritage..........ccoovviveiiiiiieie s 33
5.6 Values associated with reductions in greenhouse gas emiSSIONS..........ccccvevveverieenen, 34
5.7 Values associated with ecosystem services to regional communities ...............c....... 35
5.8 SUMIMAIY ...ttt b et b et e b e et e e b e e nneenneens 35
6. DISCUSSION AN ANAIYSIS ...cvviiiiiiieeie ettt e b e reesteesreesneennaenneens 37
6.1 Cost effectiveness of public INVESIMENT ..., 37
6.2 Non-farm benefitsS DY CAEJOIY .......ooiiiiiiiireiee e 38
6.3 SUMMArY Of BENETITS ....cuviiiiiiciee e 41
6.4 Analysis of INfOrmMation QaPS.......cccciviiiiii it 42
7. Conclusions and RECOMMENUALIONS ........cueiiiriiiiieiesieeee e 43
RETEIBNCES. ...ttt bbb bbb bt e 44
6

R & Z Consulting; August 2008



Off-Farm Economic Values of Saving Water and Restoring Pressure in the Great Artesian Basin
I ——

Appendix 1: Background and Purpose (Extract from the GABSI).......cccoocviiviiiiiiiieieiceies 49

Tables
Table 1. Summary of Water Extraction in the GAB .........ccoooeviiiiniene e 12
Table 2. Water savings from Phase 1 and Phase 2 to November 2007 .........cccccovennee. 13
Table 3. Summary of Impacts from GABSI ... 24
Table 4. Part-worths for environmental protection in the Desert Uplands ..................... 32
Table 5. Summary of available studies for benefit transfer ............cccccovveieiivciciees 35
Table 6. Commonwealth and state investment in the GABSI ..., 37
Table 7. Cost-effectiveness of investment in the GABSI ..o 38
Table 8. Summary of estimated values from benefit transfer............ccooeveviiiciiinenn, 41

Figures
Figure 1. On-farm and off-farm impacts of the GABSI ... 9
Figure 2. Great ArteSian BaSIN .........cccciiieiiiiiiieiieie et e e sne e 11
Figure 3. Concepts of Value for Market GOOdS .........cccooererieiiiiiiiieeee e 16
Figure 4. Concepts of Value for Non-market goods...........cccocviiiiiniiinieneiicee e, 16
Figure 5. Total Economic Value and Attributes of Values for the GAB.........c.............. 18
Figure 6. Efficient policy mechanisms for encouraging land use on private land .......... 23
Figure 7. Example choice set used by Rolfe and Windle 2005 ............ccccevvvviininniennnnn 30
Figure 8. Example choice set used in Desert Uplands study ..........cccccovveveviviiereiiennnnn, 32

7

R & Z Consulting; August 2008



Off-Farm Economic Values of Saving Water and Restoring Pressure in the Great Artesian Basin

1. Introduction

The Great Artesian Basin (GAB) is one of Australia’s most significant and well known natural
resources, being an underground water ‘reservoir’ underlying approximately one-fifth of the
continent (GABCC 1998). The GAB is significant to Australia in a number of ways, contributing
to the economies of pastoral, tourism and mining industries, providing water to communities and
townships, supporting important environmental assets, and underpinning aboriginal cultural
heritage and Australian settlement heritage legacies.

The groundwater reserves in the GAB have been accessed by European settlers since the 1880s,
with significant subsequent development for pastoral, infrastructure and mining purposes. The
development has not been without its environmental costs, with falling pressure to springs and
increased weeds and pests among some of the outcomes. Concerns about the environmental
impacts and the on-going viability of extractions led to the introduction of a coordinated bore
capping program in 1999, called the Great Artesian Basin Sustainability Initiative (GABSI), with
funding requirements shared between the Commonwealth, States and individual property
OWners.

In Phase 1 of the GABSI, the Commonwealth and States contributed $56.8 Million ($64 Million
in 2007 dollars) to the program, with 270 uncontrolled bores rehabilitated and approximately
8,000 kilometres of bore drain deleted (SKM 2008). The program was subsequently extended in
2004 in a second round of funding to 2009. Proposed expenditure in Phase 2 of the GABSI (from
2004 to 2009) is $77.3 Million, with the program approximately two-thirds complete in
November 2007 (SKM 2008). A third round of the program from 2010 — 2014 is being
considered by governments, with funding allocations likely to exceed support provided in Phase
2 (SKM 2008).

An important aspect of public investment in programs such as the GABSI is to review the
success of past investments and to justify future ones. Cost benefit analysis provides the standard
economic framework for evaluating the net benefits to society of programs where there may be
varying impacts on different groups and a range of production, social and environmental
outcomes to consider. Within the cost benefit analysis framework it is appropriate to consider
both the financial costs and benefits that may be involved with the bore capping program as well
as non-financial outcomes such as improvements to environmental and cultural heritage assets. A
summary of the classification of both financial and non-financial costs and benefits associated
with the GABSI and included in a cost-benefit analysis program is provided in Figure 1.

The application of economic analysis to the GABSI is hindered by several gaps in knowledge
about the different benefits and costs involved. Financial costs are relatively easy to assess as the
contributions made by the Australian Government, State Governments and landholders are
reasonably transparent. The on-farm financial benefits, such as reduced mustering costs, accrue
to landholders but are more difficult to evaluate because of confounding with other operational
issues. There may also be on-farm social and environmental benefits associated with the program
which can be expected to impact on the willingness of landholders to participate in bore capping
projects.

8
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Figure 1: On-farm and off-farm impacts from the GABSI

Impacts of the GABSI
I
On-Farm Off-farm
e Financial e Financial
e Social e Social
e Environmental e Environmental

The most important information gaps relate to the off-farm benefits that may be generated from
the GABSI, particularly those relating to non-financial social and environmental impacts. There
are likely to be significant community values associated with improved protection and
enhancement of environmental, cultural heritage and recreation assets, even though they may not
be directly used by all community members. While there are non-market valuation techniques
available that can assess such values, no case studies focused on the GAB have been performed
as yet. However, some inferences about community values can be made by reviewing other non-
market valuation studies in related areas. Off-farm financial benefits to industries such as tourism
should also be assessed and considered in any evaluation of net benefits.

The focus of this report is on the off-farm economic values associated with the bore capping
program in the Great Artesian Basin. There are three main objectives to be addressed in the
report. The first is to outline the economic concepts and framework relevant to values for
protecting the Great Artesian Basin. The second is to collate information from a desktop review
of off-farm economic values for the GAB in order to provide estimates of off-farm values of
saving water and restoring pressure in the GAB. The third is to identify, from this information,
where major gaps exist in available knowledge about off-farm values.

This report is structured in five key parts. First, an overview of the GAB and the GABSI is
provided (Chapter 2). Second, the conceptual framework used for the project is established
(Chapter 3). This involves introducing the concept of non-market valuation within the overall
framework of an economic analysis, providing brief descriptions of key non-market valuation
techniques, and identifying other key concepts. In Chapter 4, this information is applied to the
case study to identify a framework for analysis. In Chapter 5, a desktop review of non-market
valuation studies that are relevant to the non-farm benefits of the bore capping program is
provided. Chapter 6 follows with an application of the benefit transfer process and a summary of
both off-farm values and key information gaps. A brief conclusion completes the report.

9
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2. The Great Artesian Basin

The GAB (Figure 1) underlies most of Queensland and parts of New South Wales, South
Australia and the Northern Territory, covering 1.7 million km?® of largely arid and semi-arid
regions west of the Great Dividing Range (GABCC 1998). Most water enters the basin in
recharge zones along the western side of the Great Dividing Range, on the eastern margin of the
basin. The groundwater then flows mainly south-west and westward at a rate of between 1 to 5
metres per year (Ponder 2004), with the age of some groundwater estimated at close to 2 million
years (GABCC 1998). The GAB consists of several sub-basins, including the Eromonga, Surat
and Carpentaria basins, and a number of vertically sequential sandstone aquifers laid down
through four main geological cycles (GABCC 1998). The geology and associated hydrogeology
of the basin creates variation in the artesian aquifers and associated surface features across the
basin.

Key environmental and cultural heritage benefits of the GAB are provided by artesian springs,
where water moving through the aquifer discharges to the surface through faults in the strata or
exposed parts of the aquifer. Before the 1880s, there were more than 3000 springs in about 600
groups, including thirteen major complexes (GABCC 1998, Ponder 2004). The most notable
occur along the south-western arc of the basin in South Australia from Marree to north of
Oodnadatta, including the Dalhousie springs in the Witjira National Park. Some springs are
notable as mound springs, where accumulated sediments and carbonate spring deposits over
many thousands of years have created small mesas up to 40 metres higher than the surrounding
landscape (GABCC 1998). Total discharge from the GAB, excluding the Cape York group, is
estimated at 50,000 ML/annum, with the Dalhousie group accounting for about 40% of discharge
(GABCC 1998).

As many artesian springs occur on the western side of the GAB in arid regions, they provide
important biological refuges and are rich in endemic flora and fauna (Ponder 1986, Noble et al.
1998, Ponder 2004, Fensham and Fairfax 2003). These include fish such as the Elizabeth Springs
Goby (Chlamydogobious micropterus) and the Edgbaston goby (Chlamydogobious spp.), and a
number of plants. There is a distinctive fauna associated with each major spring group (Ponder
1986, 2004). Historically the springs were an important part of aboriginal cultural heritage, and
although they were not permanently occupied, usage may date back 30,000 years (GABCC
1998). Many springs were also an important part of early pastoral settlement patterns in areas
suited to cattle or sheep and aided in the development of communication and infrastructure.
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Figure 2: Great Artesian Basin (Sourced from DEWHA, Australian Government)

Credit: Radke et. al. 2000
11
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European access to groundwater in the GAB began from the 1880s, and bores were extensively
developed to support the pastoral sector. Many townships also rely on groundwater, and in more
recent years water has also been used to support mining and extractive industries. GABCC
(1998) reported about 3,000 free-flowing artesian bores and 35,000 sub-artesian bores were
tapping the aquifer, drawing about 570,000 ML per annum in the late 1990s. The pastoral
industry accounted for approximately 88% of use (Table 1), of which as much as 90% was lost in
evaporation and seepage. This occurs through the widespread use of bore drains to distribute
water rather than more efficient reticulation systems involving piping and troughs. Mining and
petroleum accounted for approximately 5.5% of usage in 1998, with approximately half of the
mining supplies used at the Olympic Dam mine in South Australia (GABCC 1998).

Table 1: Summary of water extraction in the GAB

Industry Estimated water extraction Predicted water extraction
in 1998 (ML/annum) in 2005 (ML/annum)

Pastoral 500,000 400,000

Mining 11,000 35,000
Petroleum 20,000 20,0007

Town supply 20,000 20,000

Tourism Minimal 6,000

Irrigation 8,000 35,000

Industrial 6,000 9,000

Total 565,000 565,000

Source: by GABCC (1998)

The access to groundwater in the GAB has reduced pressure and flow across many parts of the
Basin. The maximum flow was estimated to be 750,000 ML in 1915, and has since fallen by
approximately 25% (GABCC 1998), with individual head levels in bores falling up to 80 metres
over this time period (Ponder 2004). This has caused a substantial reduction in water access to
artesian springs, with approximately one third of all springs, including the Flinders River
‘supergroup’, disappearing since the 1880s (Ponder 2004). Total discharge through artesian
springs has reduced by nearly 40% from an estimated 82,000 ML/annum pre-development to
50,000 ML/annum, with subsequent losses of biodiversity (GABCC 1998).

The management of the GAB has generated a number of other losses apart from the biodiversity
around artesian springs. There have been impacts on water access, with approximately 1,500
bores ceasing to flow, and the lowering of water tables increasing pumping costs. Reduced water
flows at artesian springs have the potential to impact on tourism, now one of the major economic
activities in the GAB area. Webster (1995) suggested that at least 10,000 people per annum were
visiting the Dalhousie Springs complex in Witjiri National Park, with many of them staying for
several days. Major spring areas are also important in terms of cultural heritage for aboriginal
groups and for links to early exploration and European settlement history (Webster 1995).

The extraction of water from the GAB may also be associated with greenhouse gas emissions, as
dissolved gas concentrations of CO, (carbon dioxide) and CH,; (methane) and some
hydrocarbons can be released when the groundwater is brought to the surface. Pallasser and
Alder (2001) estimate that 334,000 tons of CO,.. are released annually from the GAB through
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both bores and natural springs, and that a 25% reduction in water extractions should decrease
total emissions of carbon dioxide equivalents by about 60,000 tons per annum.

Extensive bore drains have also contributed to environmental losses by facilitating the spread of
weeds and feral animals, contributing to salinisation, increasing grazing pressure and allowing
more access by predators to remote areas’. The combination of different pressures in rangeland
areas, including losses of artesian springs and extensive use of bore drains among other factors
such as grazing pressures and feral pests, has contributed to significant impacts on biodiversity
(GABCC 1998), with:

Some medium sized mammals becoming extinct,
Displacement of ground-dwelling birds,

Changed distribution of invertebrates,

Extinction of some plant species, and vulnerability of others.

Concerns about the health of the GAB had led Queensland, New South Wales and South
Australia to independently introduce programs to reduce wastage from the Basin prior to 1999.
The introduction of GABSI in 1999 provided a funding partnership between the Commonwealth
and the States for both on-ground works and extension programs. Landholder involvement in the
bore capping program has been voluntary, with landholders making some contribution to funding
depending on site conditions. Phase 1 of the GABSI was completed in 2004, achieving the
rehabilitation of 270 uncontrolled bores and deletion of almost 8,000 km of bore drains for a
commitment of approximately $28.4 Million each by the Commonwealth and the States, and
approximately an additional one third from participating landholders. The reduction in water
extraction was estimated at 98,075 ML/annum.

Phase 2 of the GABSI commenced in 2004, to run for a second five year period to 2009.
Available funding was increased to $38.7 Million each from the Commonwealth and the States.
A review of the program after two-thirds of completion showed that water savings of 46,474 ML
per annum had been achieved (Table 2).

Table 2. Water savings from Phase 1 and Phase 2 to 30 June 2007

Jurisdiction Bores controlled  Bore drains Water saving
(kms) (ML per year)

Phase 1 270 7,996 98,075

3 year interim Phase 2 90 5,858 46,474

Estimated remaining 809 15,548

Source: Australian Department of the Environment, Water, Heritage and the Arts.

There have been two reviews conducted to evaluate the GABSI. Hassall & Associates (2003)
provided an interim review of Phase 1 of the program, and SKM (2008) provided an interim
review of Phase 2 of the program. The GABSI was originally scoped as a 15 year program with
three 5-year phases, and an overall 15-year water saving target of 211,000 ML/annum. This

! GABCC (1998) reported approximately 27,000 km of bore drains in Queensland, 6,000 km in New South Wales
and 1,000 in South Australia.
13
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equates to a target saving of 70,333 ML/annum under each phase of GABSI or 14,066 ML for
each year of the program (SKM 2008). Performance in terms of water saved in the first five year
Phase exceeded the target by approximately 39% (Hassall and Associates 2003), while
performance in the second Phase to November 2007 has been slower, running about 18% below
target. Performance across the full program to November 2007 remains ahead of target by 23%
(SKM 2008).

Desired outcomes of the second phase of GABSI can be summarised as (SKM 2008):
e Achievements of artesian pressure recovery in strategic areas of the Great Artesian Basin;
e Achievement of improved groundwater resource management and reduction of waste,
e Changed attitudes and the establishment of a culture committing to improved
management,
e Establishment of effective institutional measures,
e Adoption of improved grazing systems and management,
e Establishment of an on-going monitoring system.

It is notable that protection and rehabilitation of artesian springs and improved environmental
benefits are not directly identified as desirable outcomes of the GABSI, although environmental
health has been identified by Hassall & Associates (2003) and SKM (2008) as the key
justification in investment in public funding. The key targets that are embedded within the
background material to the GABSI agreements between the Commonwealth and relevant state
governments (Appendix 1) address problems relating to:

e Constraining future options for use of the resource,

e Threatening continued access to artesian pressures by a range of existing users,

e Continued land, vegetation and habitat degradation and loss of biodiversity resulting from

inappropriate use and disposal of water in an essentially arid landscape

A detailed analysis of the environmental benefits generated by the GABSI is not currently
available, in part because of the time lags expected in pressure recovery. At a bureaucratic level
the success of the program appears to be largely dependent on the schedule of works being
completed (SKM 2008) rather than achievement of particular environmental outcomes such as
the protection of artesian springs.

Measurable outcomes from the program have been summarised in Table 2. The results show that
since the beginning of Phase 1, approximately 24% of bores have been capped, 32% of bore
drains have been removed, and there has been a 25.6% reduction in annual water extraction.
There has been no information provided in the reviews to date about whether there have been
any offsetting increases in extraction during the operation of the GABSI. It is unclear from
available material whether the bore capping program will lead to environmental improvements in
terms of improved health of artesian springs, or will simply avert future losses occurring (SKM
2008).

Any comprehensive evaluation of the program needs to consider whether the private and public

benefits generated are sufficient to justify the level of private and public investment that has been
made. An economic framework is suitable for this purpose, because it helps to clearly identify
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what should be included within an analysis and the steps that can be undertaken to perform it.
This is the focus of the next chapter.

3. The Economic Framework and Non-Market VValuation

3.1 The Economic Framework

The fields of resource and environmental economics can help to identify why environmental
problems have occurred, evaluate whether it is worth addressing those problems or allow further
development proposals, and design mechanisms to improve environmental management
(Tietenberg 2000). One key approach to the evaluation role is to compare the costs and benefits
that arise from different proposals or policy changes with the aim of identifying whether a net
benefit to society is generated. Techniques such as Cost Benefit Analysis allow an assessment of
net benefits (or losses) arising from a proposal, and so helps to identify whether problems are
serious, to determine the categories of key benefits that may be important, and to evaluate
different options available to address a problem (Garrod and Willis 1999, Campbell and Brown
2003).

The basic market model of demand and supply provides the foundations for understanding
concepts of ‘economic value’ provided by natural resources like groundwater. The benefits
accruing from the goods and services supplied in a market place can be measured in terms of
consumer surplus and producer surplus. Consumer surplus is the difference between what the
consumer is willing to pay (consumer demand) and what they actually pay (the market price).
Producer surplus is the difference between what the producer receives (market price) and the
costs of producing the good or service. The sum of consumer and producer surplus provides
estimates of economic value, or the welfare realised by society of providing a particular good or
service. The basic concepts of consumer surplus and producer surplus are illustrated with the aid
of Figure 2.

Demand and supply functions describe the interactions of society with a good or service,
regardless of whether they are provided by social norms, government or through a market
mechanism. In the case of non-market goods, the available supply is not provided through a
market mechanism, and hence no market price or producer surplus exists. Consumer surplus for
non-market goods is the value associated with the provision of the good or service at different
potential amounts of provision. This can be described as the willingness to pay, or area under the
demand curve, for appropriate quantities of the good or service in question (Figure 3). Once a
demand for a good or service can be established, it becomes relatively easy to estimate the
consumer surplus associated with varying amounts of supply.

Consumer and producer surpluses are the appropriate measures of economic value to consider
when valuing improvements to the Great Artesian Basin. Consumer surplus values can be
estimated for both market and non-market goods, but producer surplus can normally be estimated
only for market goods. In relation to the Great Artesian Basin, there will be consumer surpluses
associated with providing a range of outcomes, such as increased environmental protection,
while producer surpluses will be associated with commercial operations such as impacts on
pastoral or tourism operations.

15
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Figure 3: Concepts of Economic Value for Market Goods
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The surpluses (whether positive or negative) need to be assessed in monetary value terms so that
they can be incorporated into a cost-benefit framework. Estimates of non-market values,
particularly for components of consumer surplus, are integral parts of the overall conceptual
framework used by economists to help assess net benefits. Non-market valuation is a key stage in
the process of assessment, because it provides a common measuring unit and estimates of the
preferences of society for the various uses and outcomes of environmental strategies. If non-
market values are not available, then an analysis might simply focus on the financial components
(as commonly employed in business) or a cost-effectiveness analysis, where the financial costs
of achieving different outcomes are compared.

A simple financial analysis is not appropriate for GABSI because the level of financial
investment (both public and private) is much higher than any financial private benefits generated.
Examples of cost-effectiveness analysis have been provided by Hassalls & Associates (2003) and
SKM (2008) where the investment per ML of water saved over 30 years has been calculated.
While useful, this does not justify the public investment in the program.

To assess the overall value of a program such as the GABSI, values for the additional benefits
need to be estimated and compared to the public investment made. Financial values associated
with the changes can be estimated from market data, employing tools such as agricultural
production models. For the evaluation process to be accurate, it is important to include the
assessment of values for the non-farm benefits, as these are likely to be the critical values that
justify public investment. Advances in non-market valuation techniques make it possible to
quantify in monetary terms the relevant non-financial impacts to provide a complete assessment
of the program. However, before these are described it is useful to outline the categories of
values that may exist.

3.2 Categorisation of values

A key stage in the analysis of non-market values is to categorise the types of benefits that might
be associated with the Great Artesian Basin.

Direct use values (direct contact) are benefits that directly accrue to individuals who use the
resource, and can be either extractive or non-extractive. Extractive use values are largely
generated from the direct use of water, such as by regional communities and the pastoral and
mining industries. Tourism involves non-extractive values, where people receive direct benefits
from the ground water resource without directly consuming it.

Indirect use values (no direct contact) include values that are gained indirectly from the natural
resource, usually through support and protection of other economic activities. Examples of
indirect use values include the generation of services and economic stimulus from industry and
regional townships, and the flow of information into research and education,.

Non-use values to society arise indirectly either through potential future uses or through the
knowledge of the presence of the resource. These can be divided into option values, quasi option
values, existence values and bequest values. Option values are values for use in the future,
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existence values are values for knowledge of their presence and bequest values arise from
wanting to preserve the public good for future generations. Non-use values can be derived
without any actual current human contact with the resource.

In many cases it is difficult to estimate each component of value as separate items. Under the
Total Economic Value (TEV) approach, values are either estimated jointly for a site in a single
valuation exercise, or values from separate estimation exercises are summed to give a total value
estimate of the asset of interest. A summary of the different categories of value for the GAB, and
their structure under Total Economic Value is provided in Figure 4. This shows that while there
are benefits gained from the extractive use of groundwater from the basin, there are a range of
other benefits from maintaining natural processes that accrue largely to groups off-farm.

Figure 5: Total Economic Value and Attributes of Values for the GAB
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3.3 Non-market valuation techniques

Non-market valuation techniques are used to estimate dollar values for impacts that are not
directly reflected through market prices. They are commonly used to assess how people in a
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community or society view tradeoffs involving environmental issues, particularly those that
relate to:

e Biodiversity protection issues;
e Recreation uses; and,
e Ecosystem functions that support human life.

There are two key advantages to be gained from the use of these non-market valuation
techniques:

(a) Peoples’ preferences are assessed in an egalitarian, uniform and consistent manner, and
the assessment methodology is logical and constructive. This helps to ensure that
underlying preferences are assessed rather than simply attitudes or opinions, and that the
views of special interest groups do not distort an overall assessment.

(b) The results are expressed in monetary terms consistent with the concept of economic
value as defined in welfare economics. This means that the preference information is
summarised in a way that is useful for policy makers to be able to evaluate tradeoffs. The
estimates of value can be used as inputs into assessment methodologies such as cost-
benefit analysis.

In this case study the relevant task is to assess the values associated with the marginal potential
improvement in the condition of the GAB provided through the GABSI. The values of changes
to the supply of goods and services provided by the GAB relative to a ‘business as usual’
scenario can be estimated with a range of different techniques. The goods and services that have
identifiable and established markets are relatively easy to value from data revealed by market
demand and supply functions, but most of the goods and services related to environmental,
recreation and cultural aspects are not traded in markets. In the absence of markets, non-market
valuation techniques have been devised to estimate the economic value of such goods and
services. Non-market valuation techniques can be classified into two broad categories — the
revealed preference (RP) techniques and the stated preference (SP) techniques (Bateman et al.,
2002).

RP techniques use information from complementary or surrogate markets that are related to the
good to estimate economic values. The observed behaviour of individuals in complementary
markets is used to estimate the value of the non-market good or service (Garrod and Willis,
1999; Haab and McConnell, 2002; Bateman et al., 2002). RP techniques include the Travel Cost
Method (TCM), Random Utility Model (RUM) and the Hedonic Price Method (HPM).

e TCM uses the actual costs of travel incurred by the respondents and the number of trips
or visits made to the site to derive a demand curve for the recreational good, from which
the economic value or consumer surplus estimates are derived. Traditionally TCMs are
used to value outdoor recreation.

2 Economic values can normally be conceptualised as consumer surplus or producer surplus, which can be thought
of as the additional value that consumers or producers receive over and above their direct expenditure.
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e RUMs are conceptually similar to the travel cost models, but instead of focussing on the
number of trips individuals make to a recreational site, RUMs focus on the choice
individuals make among alternative sites. These models can then be used to measure the
value of the qualitative characteristics of one or more of the sites.

e The HPM estimates the implicit price of environmental characteristics. It is most
commonly applied to value variations in housing prices that reflect the quality of the local
environment.

SP techniques are also known as direct valuation methods. These models use hypothetical
questions and scenarios to identify individuals’ preferences, which are used then to estimate the
value of non-market goods and services. Typically these techniques are used when no relevant
market information is available. SP techniques include the Contingent Valuation Model (CVM),
Contingent Rating (CR) and Choice Modelling (CM).

e CVM is a survey-based technique where survey respondents are presented with a
hypothetical scenario and asked to state their willingness to pay for some change in the
supply or quality of the good or service (Mitchell and Carson, 1989).

e CR goes one step further and asks survey respondents to state and rank their preferences
or choices of alternative combinations of the different attributes of the goods on a rating
scale. These ratings are used to estimate the value of the good (Tietenberg, 2000).

e CM is based on the idea that any good can be described in terms of its attributes or
characteristics and the levels that these take (Bennett and Blamey, 2001; Bateman et al.,
2002). For example, the Great Artesian Basin could be described in terms of its species
diversity, appearance and protection levels. Survey respondents can then be asked to
choose between a number of different options for the future management of the Basin,
and the value of the good or a change in the value of the good is estimated from the
responses. There have been a number of CM applications to recreation and environmental
issues in recent years (Adamowicz et al., 1998; Blamey et al., 2000; Morrison and
Bennett, 2000; Rolfe et al., 2000; Bennett and Blamey, 2001).

3.4 Benefit transfer

There are two approaches to estimating non-market values for a topic of interest. The first is to
conduct a primary study that includes data collection, statistical analysis and interpretation
stages. Primary studies can be technically complex, expensive and time-consuming. These
factors, coupled with the small pool of skilled researchers and analysts, help to explain why the
number of non-market valuation studies in Australia remains limited.

The second broad approach is to transfer environmental values from one or more existing case
studies to a target site of interest, a pragmatic process known as benefit transfer (Brouwer 2000,
Rolfe and Bennett 2005). In applications of benefit transfer, non-market values gained from a
‘source’ study can be used in some way to predict economic values at a ‘target’ site (Bateman et
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al. 2002, Rolfe and Bennett 2005). The process typically involves transferring and adjusting
values across time, space, populations, and sometimes from one type of environmental asset to
another (Brouwer 2006, Rolfe 2006). Benefit transfer is only possible in situations where there
are existing studies that relate to the target issue of interest, the existing studies are technically
accurate, and the transfer process will not generate unacceptable biases.

Most applications of benefit transfer are opportunistic, involving a search for suitable source
studies followed by transfer with some potential adjustment process (Rolfe and Windle 2008).
This ‘random foraging” approach to benefit transfer is still restricted for a number of reasons,
including the limited number of available studies, the inconsistencies in the way that data has
been collected and modelled, and the brevity of reporting in many academic publications (Rolfe
and Windle 2008). Many studies are conducted and reported for specific purposes, with little
consideration for subsequent use in benefit transfer applications. This limits the potential for
benefit transfer, although there has been a great deal of effort by practitioners in the 1990s and
early 2000s to understand where sources of bias in the benefit transfer process might be
generated, and to develop more accurate ways of performing non-market valuation studies and
the benefit transfer process (Wilson and Hoehn 2006, Rolfe and Windle 2008).

The development of SP techniques such as CM have facilitated the use of benefit transfer values
and functions because CM allows the expression of environmental values as a function of a
number of site, population and other characteristics (Rolfe 2006). A CM experiment can be
designed in a way so that key elements desired in a benefit transfer function are included in the
choice sets as attributes or labels. The choices made by respondents from a survey population
thus help to develop a benefit transfer function that can be ‘mapped’ across to a range of
potential policy situations. Examples of the use of CM to develop a systematic benefit transfer
framework have been provided by van Bueren and Bennett (2004), Morrison and Bennett (2004)
and Rolfe and Windle (2008).

3.5 Marginal Analysis

There are a number of ways of framing the tradeoffs between resource allocations in a policy
situation. It is important to recognise that policy decisions usually involve incremental changes
in resource condition