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Abstract
Major conservation programs of the Australian government provided A$4.8 billion towards
work on private agricultural land between 1990 and 2009, with another A$2.25 billion planned
for 2009 to 2014 (Kingwell et al. 2008). There has been concern that environmental outcomes
achieved by the previous suite of conservation programs were not substantial. Criticisms
include poor selection of projects, poor selection of policy mechanisms, poor project design,
and a lack of monitoring and enforcement.
This study addresses the last of these issues, which is judged to be a relative gap in the existing
research literature. The analysis considers cases where landholders receive payments from a
program to undertake conservation works. Monitoring assists the conservation organisation to
improve subsequent decision making, as well as enabling them to ensure compliance with
existing contracts. Without sufficient monitoring and enforcement, there is an increased risk
that some landholders could receive payments without fully undertaking the agreed works.
The conservation organisation is faced with a number of choices about how to design
monitoring and enforcement strategies that will potentially alter the program’s cost-efficiency
and environmental effectiveness. Specifically, the conservation organisation must determine
whether to base the payment mechanism on the landholder’s actions (payment for actions) or
the environmental outcomes realised as a result of those actions (payment for outcomes).
Next, they must decide on various details of the payment: its timing, the amount, and the level
of action or outcomes required to qualify for payment. Finally, they must select the level of
investment in monitoring, taking account of the trade-off between cost and accuracy of that
monitoring.
This research attempts to provide insights into these questions, using a combination of
theoretical models and a case study region in the wheatbelt of Western Australia. Firstly, a
survey of landholders in the case-study region explores their costs, motivations and
participation in conservation programs. The effect of the landholders’ management actions on
the condition of native vegetation was estimated using aerial imagery. The conservation
organisation’s optimal investment in payment-for-actions and payment-for-outcomes
contracts was determined using partially observable Markov-chain decision process analysis.
The optimal payment amount, required actions or outcomes, and outcome of the contract was
analysed using a principal-agent model. The analysis examined a hypothetical perfect
monitoring process, a relatively accurate but expensive field monitoring process, and a cheap
but inaccurate remote monitoring process.
vii

The Markov-chain analysis is based on investing in contracts over five years, and accounting for
the resulting benefits over 25 years. Of the different types of land that could be targeted for
investment (e.g. agricultural land, degraded woodland, undegraded woodland), the only one
for which benefits exceed the cost in the base-case is agricultural land, and then only when the
conservation organisation offers a contract based on payment for outcomes. Payment-foractions contracts are less attractive because they result in payments to some landholders who
undertake the required actions but still do not achieve the intended outcomes. The expected
net benefits of these payments are influenced by the valuation of high-quality woodland and
the cost per ha of the contract. For an alternative scenario where the woodland value is
increased from $40 to $200 per hectare per year, a payment-for-actions contract has a positive
expected net present value over all land types, although still not as high as for a payment-foroutcomes contract. Alternatively, the same results hold if the cost of the contract is reduced
from $30 to $10 per hectare per year. The analysis also shows that, for the base case, remote
assessment is preferred over field-based assessment for the purposes of identifying
agricultural land for investment. For this purpose, the accuracy of remote information is
sufficient.
The principal-agent model is then used to consider the question of how the landholders’
response to inaccuracy in monitoring influences the choices between payment for actions and
payment for outcomes, and between field-based and remote monitoring. The model shows
that, as long as the landholder’s labour effort can be observed, payment for actions and
payment for outcomes are effectively equivalent, in the sense that they result in the same
actions being undertaken, and therefore the same outcomes being achieved. The principalagent model shows that, for the purpose of monitoring landholder compliance with the
contract, field-based monitoring is superior to remote monitoring (in contrast to the result
where remote data is used to identify land that is suitable for contracting).
For some types of environmental management problems, it is not possible to observe whether
landholders have undertaken the agreed actions. In this case, compliance can only be judged
on the basis of whether environmental outcomes are achieved, whereas in the other analyses
discussed above, compliance was assumed to be assessed on the basis of actions, even if
payments are made on the basis of outcomes. The result of this change in compliance
assessment is a much higher cost of contracting landholders to achieve any particular
outcome. This highlights that, in cases where the environmental manager has a choice
between assessing compliance based on actions or outcomes, they should use actions.
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Chapter 1.

Introduction

1.1 Introduction
The major conservation programs of the Australian Government provided A$4.8 billion
towards work on private agricultural land from 1990 to 2008, with another A$2.25 billion
planned for 2009 to 2014 (Kingwell et al. 2008). The National Landcare Program in the 1990s
raised awareness and changed attitudes of landholders to conservation. Between 1996 and
2008, the Natural Heritage Trust worked to build regional institutional capacity to support
ongoing local conservation. The National Action Plan for Salinity and Water Quality ran from
2001 to 2008 in parallel with the Natural Heritage Trust, expanding the resources available for
its target subset of environmental issues. The current Caring for our Country program is a
move towards centralisation of investment priorities, competitive bidding for projects, and
environmental stewardship through direct payments to landholders for conservation efforts
and outcomes (Hajkowicz 2009).
These programs aimed to address a wide variety of environmental problems, including
protection of native vegetation, reduction of nutrient and sediment movement into water
bodies, reduced prevalence of environmental weeds and pests, reduced land degradation from
salinity and soil erosion, and protection of threatened species. They used a range of policy
mechanisms, with the most prevalent by far being incentive payments (grants or other
payments to landholders to undertake particular agreed actions) and extension (including
education, training, awareness raising, and skill development). This study focuses on the use of
incentive payments, and the processes that governments may choose to employ to monitor
and enforce landholder compliance with contractual agreements associated with payments.
The programs mentioned above are potentially consistent with a market failure rationale for
government intervention. Public funding provided to private landholders through conservation
programs is intended to reduce negative externalities from landholder’s use and management
of the land by changing their behaviour, and to increase provision of public goods (Figgis
2004). This reflects wider society’s higher valuation of environmental outcomes from private
land, compared to the landholder’s valuation. As a formalised market for environmental goods
and services does not currently exist, individuals are not able to purchase these goods and
services from landholders. Rather, the public relies on government instigated environmental
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policy mechanisms designed to alter private landholder behaviour. Ideally, these mechanisms
provide a net benefit to the public through the environmental outcomes achieved.
There is concern that substantial environmental outcomes were not achieved by the previous
suite of Australian conservation programs. The National Landcare Program, the Natural
Heritage Trust, and the National Action Plan for Salinity and Water Quality achieved an
increased level of environmental issue awareness, increased cooperation between farmers in
addressing local issues, and implementation of some on-ground actions. However, on-ground
actions were generally on much too small a scale to make a major difference to serious
environmental problems such as salinity and biodiversity loss (Australian National Audit Office
1997; Wallace 2003; Lockie and Higgins 2007; Pannell and Roberts 2010). In their audit of the
Natural Heritage Trust, the Australian National Audit Office (2008) concluded that where
evidence existed, the level of change in land management was around one per cent of the
level required to achieve the targets of the programs.
Key criticisms of previous conservation programs are poor selection of projects, poor selection
of policy mechanisms, poor project design, and a lack of monitoring and enforcement. Various
reasons for this poor performance have been proposed, including failure to adequately
consider scientific information when prioritising or designing projects; failure to consider
socio-economic information about landholder adoption of changed practices, both when
considering the prioritisation of projects and when selecting policy mechanisms; poor
integration of information to guide decision making by investors; lack of resource targeting to
high-priority environmental assets; failure to consider possible adverse side effects of funded
actions; failure to create institutional incentives encouraging environmental managers (such as
Catchment Management Authorities) to achieve a high level of performance in environmental
decision making and management; and failure to consider whether interventions are
consistent with an appropriate role for government (Pannell and Roberts 2008).
Researchers have developed and promoted tools and frameworks to attempt to address these
weaknesses. For example, Multi Criteria Analysis has been promoted to improve decision
making with respect to investment priorities (Hajkowicz et al. 2008). The Investment
Framework for Environmental Resources (INFFER) has been developed and promoted to
improve project prioritisation and design (Pannell et al. 2009). Market-based instruments such
as reverse auctions and tender systems have been developed and tested as means to improve
the prioritisation of projects (Stoneham et al. 2003). The Public: Private Benefits Framework
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(Pannell 2008) has been developed to assist with the selection of appropriate policy
mechanisms.
Of the four key criticisms of existing programs, the one that has received the least attention
from researchers is the lack of monitoring and enforcement undertaken in past programs. This
deficiency has inhibiting learning about program performance, reduced opportunities for
improved subsequent decision making, and reduced landholder compliance with contractual
agreements (Hassall and Associates 2005). This study addresses the relative lack of research
into the use of monitoring and enforcement within conservation projects and policy
mechanisms.
Monitoring assists the government conservation agency and/or private conservation
organisation (conservation organisation) to select appropriate projects and policy mechanisms
prior to investment. Monitoring helps predict the environmental outcomes of a project. As a
result, monitoring allows the conservation organisation to learn about the types of
interventions that are effective, and so assists the organisation to make more informed
decisions about project selection in subsequent rounds of funding.
In addition, monitoring helps the conservation organisation identify those participating
landholders who do not fulfil contractual obligations agreed to in return for funding. This is
valuable information, as effective use of incentive-based policy mechanisms relies on
landholder compliance. Identifying non-compliant landholders allows the organisation to take
steps to enforce the contract. As well as increasing outcomes from the particular project in
question, such enforcement actions can increase other participating landholders’ motivation
to comply with their contracts.
In general, monitoring and enforcement link the landholder’s behaviour to the incentive or
payment. Without sufficient monitoring and enforcement, the landholder could benefit
through receiving payments from the scheme, but then choose not to comply. An effective
monitoring and enforcement regime must be designed such that the expected net benefits to
the landholder from participating and complying are greater than the expected net benefits
from participating and not complying.
The effectiveness of monitoring and enforcement depend on the details of how they are
conducted and how they interact with the payment mechanism used. The conservation
organisation is faced with a number of choices regarding how to design payment, monitoring,
and enforcement strategies. These choices have the potential to alter the program’s cost3

efficiency and environmental effectiveness. Specifically, the conservation organisation must
determine:
(a). whether to base the payment mechanism on the landholder’s actions (payment for
actions) or the environmental outcomes realised as a result of those actions (payment
for outcomes). This has implications for what is to be monitored, and how effective
enforcement is at creating incentives for pro-environmental behaviour.
(b). the design of the policy mechanism with respect to the payment amount, and the level
of action or outcomes required to qualify for payment. Again, these influence the
incentives and motivations of landholders to participate and to comply.
(c). the level of investment in monitoring, taking account of the trade off between cost
and accuracy of that monitoring. Less accurate monitoring methods may be cheaper
but are likely to compromise positive landholder behaviour incentives.
These decisions regarding the choice, design, and level of monitoring and enforcement are
complex and difficult for conservation organisations. Difficulties that the organisation needs to
consider include:
•

the response of the landholder to different policies, particularly the impact of
inaccurate monitoring and enforcement on their net benefits from participation in,
and compliance with, the program;

•

the valuation of different environmental assets, in the absence of markets to indicate
the marginal willingness to pay for environmental assets, and the limitations and
expense of non-market valuation techniques;

•

the complexity and uncertainty of environmental responses to landholder actions and
external factors;

•

the costs and accuracy levels of alternative monitoring technologies, such as remote
sensing imagery by satellites and field monitoring by scientists.

This thesis examines the above questions relating to the design of payment, monitoring and
enforcement strategies for environmental programs, considering the complexities outlined.
The specific research questions addressed are:
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1. For a case-study region, what motivates landholders to participate and comply in a
conservation program?
2. How is the condition of native vegetation in the case study region affected by alternative
management responses of landholders?
3. What is the optimal contracting method for investment by the conservation organisation,
payment for actions or payment for outcomes? How is this affected by inaccuracy in
monitoring?
4. What is the optimal monitoring method for investment by the conservation organisation,
field-based monitoring or remote monitoring? How is this affected by inaccuracy in
monitoring?

1.2 Thesis outline
The following three chapters, Chapters 2 to 4, provide context and background on the history
of Australian environmental conservation policy, policy options available, and key issues
relating to the monitoring of environmental outcomes from public programs. The discussion of
policy history and options highlights the current Australian focus on payment for actions and
the potential need to increase the emphasis on payments for outcomes. Primary
methodologies for the analysis of policy and investment in monitoring and assessment are also
discussed.
Chapter 5 presents results of a survey in Western Australia investigating landholder
motivations for, attitudes towards, and financial capacity for conservation of native vegetation
on their property. The results form the basis of the empirical analysis presented in subsequent
chapters. A copy of the questionnaire used in the survey can be found in Appendix 1. In
Chapter 6, the survey results are matched with independent remote imagery of the survey
area to investigate the relationship between landholder attitudes and conservation work
completed, and the realised environmental outcomes.
Chapter 7 contains an outline of a partially observable Markov-chain decision processes
methodology employed to examine the role of monitoring in conservation programs. Partially
observable Markov-chain decision processes are used to investigate the conservation
organisation’s optimal investment, considering the aggregate landholder population and
overall environmental outcomes. An application to the survey area of Chapter 5 is presented in
Chapter 8.
5

The individual landholder’s economically rational response to inaccurate assessment of a
payment for actions or payment for outcomes contract is investigated using a principal-agent
model. The model maximises the conservation organisation’s return on investing in either type
of contract whilst incorporating the impact on the landholder’s behaviour in response to
inaccurate assessment, and the cost of conducting the assessment. The methodology of the
principal-agent model is outlined in Chapter 9, and applied to the study area in Chapter 10.
Chapter 11 provides a summary of the study and its conclusions. The research highlights the
impact of inaccurate assessment on program design in relation to payment mechanisms,
monitoring, and enforcement, as well as the impacts on individual landholders.
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Chapter 2.

Australian conservation policy

2.1 Introduction
Australian attitudes towards the rural landscape have changed dramatically during the past
100 years of widespread agricultural production. The Australian government’s role in
agricultural production and conservation has changed over time in response to these changing
attitudes, but also as a driver of change. Initially clearing was promoted for agricultural
production. However, this led to extensive land degradation and prompted a move towards
rehabilitation and revegetation. Subsequently there has been a series of natural resource
management or conservation programs across Australia. This chapter details the successes and
failures of previous Australian conservation attempts, and their consequences for landholder’s
response to future conservation projects. The prominence of payment for actions in existing
programs and the shift towards payment for outcomes are described.
Generally a localised activity, clearing predominantly occurred in certain locations that were
desirable for agricultural or urban development. The early agricultural settlers of 1788 cleared
for both cultural and regulatory reasons (Griffiths 2002). As recently as 1983, agricultural land
was still being cleared with the assistance of government subsidies and tax concessions
(Australian National Audit Office 1997). Government failure to monitor and enforce
environmental protection legislation has also contributed to land clearing (Lockie and Vanclay
1997). Across the entire Australian continent, 13% of the land area, nearly 1 billion hectares,
has been cleared (Confinas and Creighton 2001). Consequently, since European settlement
30% of some woodland and forest types have been cleared and a much higher proportion
degraded (Confinas and Creighton 2001). In contrast, little of the desert and grassland
landscape have been altered. Agricultural production still accounts for 90% of land use in
agricultural areas (Australian Bureau of Statistics 2009), with conservation programs to date
showing little measurable impact (Australian National Audit Office 2008).
In the latter half of the 20th century, a large number of small State based conservation
initiatives developed to promote agricultural production benefits from better environmental
practices. Examples include Victoria’s ‘Soil Conservation Authority’ group conservation projects
(from the early 1960s) and ‘Garden State Committee’ farm trees groups (1981); Western
Australia’s statutory ‘Land Conservation District Committees’ (LCDCs) (1982); the New South
Wales Government’s drive for ‘Total Catchment Management’ (1985); and Tasmania’s ‘Private

7

Forestry Division’ (late 1970s) (Youl et al. 2006). These incentives focused on local and/or
specific conservation issues and problems.
The Australian Federal Government became more involved with environmental concerns in
broad scale agriculture from the late 1980s, due to similar issues appearing nationwide, as well
as international obligations (Australian National Audit Office 1997). The 1983 National Soil
Conservation Program, followed by the Hawke government’s 1989 initiatives Save the Bush,
One Billion Trees and Decade of Landcare, worked to involve State Governments in Federal
schemes and create a national conservation program (Crowley 2001). The structure of
Australia’s government means State and Federal Government programs are still run
separately, with cohesion between State and Federal programs depending in part on wider
political issues and party politics.
The first Federal Government environmental program to receive major funding was the
Decade of Landcare’s inaugural National Landcare Program (NLP), in 1989. NLP was followed
by the National Heritage Trust (NHT) in 1996 and the National Action Plant for Salinity and
Water Quality (NAP) in 2001. These schemes have now been incorporated into, or replaced by,
Caring for Our Country (CfoC). The NLP, NHT and NAP together provided $4.8 billion ($0.7,
$2.7, and $1.4 billion respectively) towards environmental improvement and counteracting
land degradation (Kingwell et al. 2008). Between 2009 and 2014, CfoC will provide a further
$2.25 billion.
The three schemes, NLP, NHT and CfoC, represent three clear, distinct phases of government
attitudes and actions (Figure 1), and are the topic of this chapter. Phase one began in 1990
with NLP, focused on raising awareness and changing attitudes. Phase two, with the two
stages of NHT, built regional institutional capacity. Phase three and CfoC is a move towards
centralisation of investment priorities, competitive bidding for projects and environmental
stewardship through direct payments to landholders for conservation efforts and outcomes
(Hajkowicz 2009). The successful design and implementation of these new approaches
requires further investigation. These schemes, their outcomes and implications for the design
of payment for actions and payment for outcomes are discussed in the following sections.
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Figure 2-1 The evolving focus of Australian natural resource management programs (Hajkowicz
2009).

2.2 Phase 1 - National Landcare Program
2.2.1 Establishing Landcare
Landcare as a term is applied to community groups of volunteers interested in land and
environmental conservation issues broadly, forming a broad social movement promoting land
and environmental conservation issues. It can also be applied to the NLP specifically. Early
landcare groups began by addressing specific issues in localised areas, evolving to focus on
more general community scale problems covering entire water catchment areas (Kingwell et
al. 2008). Culminating in the establishment of the NLP, this evolution reflected changes in
government approaches and funding priorities.
The NLP began with Victorian Landcare groups; an initial program in 1986, established by the
Victorian government with support from the Victorian Farmers’ Federation (Cary and Webb
2002). The NLP was launched by the Hawke government in 1989 as a direct response to a
proposal of the Australian Conservation Foundation and the National Farmers’ Federation
(Campbell and Siepen 1994). Seventy groups were formed by 1990. From these initial stages,
local Landcare groups employed staff to provide information and assistance with their specific
needs and issues. Duties included helping group members identify issues and develop action
plans; arranging technical training; and networking with other useful organisations (Youl et al.
2006). Staff form an integral part of the Landcare movement, including the NLP, and are often
an under recognised factor in its successes.
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The continuing goals of the NLP focus on community and institutional processes and the
capacity to produce environmental benefits, but not specifically on the production of
environmental benefits themselves. The NLP has never been required to meet specific
environmental outcomes. Rather the focus was enhancing knowledge, increasing awareness
and developing stewardship ethics to move towards more sustainable agriculture and
protection of biodiversity (Curtis and De Lacy 1996; Department of Agriculture Fisheries and
Forestry 1997). The NLP was designed as a catalyst for developing sustainable agriculture and
protection of biodiversity in the Australian rural community, not the execution of it.
The NLP has been criticised for not developing their goals into operational actions with
measurable on-ground environmental outcomes (Australian National Audit Office 1997).
Despite this criticism, NLP goals remained as generalised statements, such as the
Commonwealth’s general approach to Landcare specifically recognises that the preservation of
the environment requires integrated approaches which establish systems of managing and
using natural resources sustainably over the long-term (Walker 2000 pg 2).
The NLP invested heavily in ‘social capital’, being relationship assets such as roles, networks,
and behaviours. This results in psychological, cognitive, cultural, social, or institutional benefits
(Uphoff 2000; Sobels et al. 2001). Social capital is only part of the overall community capacity
required to achieve environmental outcomes. Community capacity is made up of five forms of
capital; natural, social, human, institutional and produced economic (Moore et al. 2006). A
recent evaluation of on-farm demonstrations of conservation practices in Western Australia
suggested that there is still a need for more social and human capital to achieve conversation
outcomes (Robertson et al. 2009). A study covering New South Wales, Queensland and South
Australia also supports the importance of social capital to achieving participation in
conservation programs (Morrison et al. 2008). International research, however, draws into
question the effectiveness of this approach focusing on social capital for conservation
outcomes (Ballet et al. 2007).
The divergent viewpoints on the relationship between social capital and environmental
outcomes highlight the complex interactions and difficulties of managed ecosystems. Social
capital is an integral aspect of achieving environmental outcomes. The investment in social
capital is wasted though when the environmental potential to achieve outcomes does not
exist. The environmental outcomes cannot be achieved then, regardless of the presence of
social capital.
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2.2.2 NLP outcomes
Many view landcare as a success, believing it caused a cultural shift in rural communities
towards more sustainable agriculture (Campbell and Siepen 1994; Department of Agriculture
Fisheries and Forestry 1997; Martin and Halpin 1998; Curtis and Van Nouhuys 1999). The NLP
was certainly successful in achieving its goals of community awareness and engagement with
landholders. The NLP’s funding arrangement and governance can also be viewed as a
successful model of using top-down government stimulus as a catalyst for bottom-up
community development (Sobels et al. 2001). Concrete environmental benefits and
conservation outcomes from these successes are much more difficult to identify (Australian
National Audit Office 2008).
The NLP developed social capital by engaging with a large number of rural landholders and the
wider Australian community. It involved 30% of the national farming community, through
4,000 landcare groups with 120,000 volunteer members (Curtis 1998). At its height, over 90%
of Australian farmers were aware of the program (Mues et al. 1994) and two thirds of the
Australian public recognised the NLP’s Landcare logo (Youl et al. 2006). Interestingly, and
perhaps ominously, Landcare’s high public profile did not translate into a positive attitude
change. Although awareness of Landcare increased from 1991 to 1997, concern for land
degradation declined throughout Australia by 5% between 1992 and 1999 (Australian Bureau
of Statistics 2003). Urban people’s attitudes and behaviours towards the environment and
their opinions of rural landholders have changed noticeably (Wilson 2004). This is partly due to
the NLP’s inclusion of programs specifically aimed at urban environments (Carr 2002).
Landcare also reassured urban consumers about the attitudes and actions of landholders,
despite being unable to validate this reassurance (Lockie and Higgins 2007).
The holistic approach to conservation embodied by Landcare and the NLP has changed both
policy development and institutional arrangements governing Australian environmental
conservation. A holistic approach to conservation combines social, environmental and
economics outcomes. Landcare is not seen as a social movement itself by some, as it is still
held within the confines of government (Wilson 2004). The social movement is promoted by
conservation policy, such as the hybrid governance model combining environmental, economic
and social priorities (Higgins and Lockie 2002). The ultimate control of Landcare by
government through policy and funding arrangements means they remain the dominant party
though, and prevent the social movement from gaining its own momentum.
The holistic Landcare approach was facilitated by a new funding model for conservation used
by the NLP. The model involved both bilateral agreements between State and Federal
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Government Landcare programs, and private investment from corporations seeking a ‘greener’
image (Lockie and Vanclay 1997). The future of the NLP under the current funding model will
be largely dependent on private organisations (Landcare Australia Ltd 2008). Caring for our
Country will be providing $8.4 million to fund up to 56 Landcare coordinator positions across
Australia, as well as funding Caring for our Country Facilitators (Department of Agriculture
Fisheries and Forestry 2009).
Ultimately, the environmental outcomes from the large scale engagement and activity of
Landcare have been minimal (Australian National Audit Office 1997). The social change
achieved has led to some changes in land use management, but not on a scale or of a nature
sufficient to achieve substantive environmental outcomes (Wallace 2003; Lockie and Higgins
2007). There was a positive relationship between Landcare membership and adoption of some
conservation practices (Cary et al. 2002), but the relationship is not necessarily causal
(Kingwell et al. 2008). The adoption of new practices is primarily dependent on both their
opportunity cost and perceived relative advantage compared to existing practices (Bathgate
and Pannell 2002; Pannell et al. 2006). Conservation practices such as tree planting, fencing,
and monitoring the water table, have a high opportunity cost for the landholder in the shortterm, with uncertain benefits in the long-term. Adoption of conservation practices at a
substantial scale is difficult to achieve through attitude and behaviour changes alone, due to
the limited financial resources of landholder, the large scale of undertakings, and the
externalities involved (Curtis and De Lacy 1996).
The NLP’s limited successes also came at a high price. Many volunteers became exhausted by
the process, leading to negative perceptions and reduced professional effectiveness, or ‘burn
out’ (Byron et al. 2001). Measured using the international Maslach Burnout Index, ‘severe
burnout’ was experienced by a large portion of Landcare volunteers (Byron and Curtis 2002).
Burnout probably occurred due to a lack of formal structures and funding to support NLP
volunteers, primarily landholders (Curtis and Van Nouhuys 1999). It is understood that many
landholders have reached their maximum capacity for the Landcare approach to conservation,
both mentally and financially (Curtis 2000; Smith 2008).

2.2.3 Impact and future of Landcare
The NLP and the wider landcare movement were initially perceived as attractive politically,
socially and economically (Kingwell et al. 2008), but they have achieved limited conservation
outcomes. Landcare has been criticised for becoming an end in itself rather than a process for
achieving outcomes (Australian National Audit Office 1997; Wallace 2003). Government and
organisational inadequacy in moving from social capital into implementation of on-ground
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conservation work is held responsible by some for Australia’s inability to provide appropriate
and innovate environmental programs (Reeve 1997). The investment in community-based
approaches is a sign of institutional limitations as it focuses on social capital that will then
produce the outcomes, rather than funding skills development and research infrastructure
directly linked to outcomes (Kingwell et al. 2008).
The governance and funding structures established by the NLP have been replicated in
subsequent programs. The focus on autonomous community based groups also remains.
Australian landholders have maintained strong control over their land use decisions, both prior
to the NLP and throughout it. This is particularly noticeable when compared with the European
Common Agricultural Policy or U.S.A. Farm Bill which have tightly controlled production and
income support programs.
The NLP is an example of devolved government, where the complex policy issues are
addressed through community participation and behavioural change (Australian Public Service
Commission 2009). The devolved nature of the NLP was a foundation of the National Heritage
Trust (NHT) and National Action Plan for Salinity and Water Quality (NAP). Landholders have
been in control of investment in local conservation work. The devolved structure and
community engagement means landholders may well be resistant to more targeted
approaches controlled by government.
The NLP became a part of the Caring for Our Country (CfoC) initiative as of the 30th of June
2008. Many of the 4,000 Landcare groups are expected to continue with funding for work
through CfoC. Of the $2.25 billion CfoC budget, $189 million is allocated for Landcare. The
Federal Department for Agriculture, Fisheries and Forestry continues to provide funds for the
administration of the NLP by the National Landcare Facilitators Project and Landcare Australia
Ltd (Landcare Australia Ltd 2008). The National Landcare Facilitators Project aim is to support
the landcare movement and conservation in the primary industry sector through
communication and awareness raising. In parallel with the public program, Landcare Australia
Ltd is a not-for-profit company that has been established to raise private corporate
sponsorship for, and awareness of, the landcare movement. The focus of Landcare has not
shifted since its inception.
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2.3 Phase 2 - National Heritage Trust and National Action
Plan for Salinity and Water Quality
2.3.1 Launching the NHT
The National Heritage Trust (NHT) was launched in 1996, partly in response to perceived
shortcomings of the National Landcare Program (NLP). The NHT demonstrates a shift in the
Australian Federal Government’s environmental policy, from an emphasis on community
engagement towards more formal, regionally managed institutions. The NHT was envisioned
with three stages. The five years of stage one were allocated $1.3 billion. In stage two, $1.2
billion was provided from 2001 and $2 billion from 2007. The funds for stage one were raised
through the sale of Telstra, Australia’s publicly owned telecommunication company (Hajkowicz
2009). A $2 billion stage three was planned for 2007, but the NHT ceased on 30 June 2008 and
was incorporated into the new Caring for our Country (CfoC) program following a change of
government.
As with the NLP, the objectives of the NHT focused on capacity building of people and
institutions rather than specific on-ground, measurable environmental outcomes. The National
Heritage Trust Act 1997 states “the main objective of the establishment of the [NHT] Account is
to conserve, repair and replenish Australia’s natural capital infrastructure”. Specifically, the
Trust was to provide a framework for investment and cooperative partnerships, as well as
environmental and agricultural outcomes (Hassall and Associates 2005).
The NHT had a regional funding arrangement requiring substantial coordination across
Federal, State and Local Governments, in addition to wider community involvement (Jennings
and Moore 2000). During its second stage, bilateral agreements were established between
States/Territories and the Federal Government. These agreements implemented the
‘Framework for the Extension of the Natural Heritage Trust’. Rural community groups of
landholders and interested parties formed ‘Catchment Management Authorities’ or
‘Catchment Councils’ to oversee investment in regional priorities. Individual small projects
were assisted through the national government’s Envirofund, established in 2002 to support
local NHT projects. National and State level projects applied for funding through the relevant
environmental government authorities. It is estimated 40% to 60% of funds distributed by
Envirofund have been provided directly to community based projects, bypassing State and
Local Governments (Crowley 2001).
The regional funding model involved the establishment of 56 regional bodies that previously
either had not existed or not existed in this form (Figure 2-2). This was a costly process. The
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need for capacity building and in particular providing group members with the skills and
abilities to allocate resources and manage projects, contributed significantly to this expense.
Between 2002-03 and 2005-06, $283 million was spent specifically on capacity building,
constituting 49% of the total funds spent during this time (National Heritage Trust 2007).
Capacity building was defined as land-holders, community groups and other natural resource
managers with the understanding and skills to contribute to biodiversity conservation and
sustainable natural resource management (National Heritage Trust 2007 pg 13). Within each
region, however, investment in capacity building ranged from 0 to 96% of budget expenditure
(Robins and Dovers 2007). Capacity building often focused on volunteer training at the
expense of staff development, leading to limited support for volunteer committees.

Figure 2-2 Natural resource management regions of Australia (Department of the Environment
Heritage and Arts 2010).

2.3.2 NHT outcomes
Paralleling the NLP’s achievements, the NHT is seen as being successful in raising awareness
and increasing understanding of environmental issues, as well as effecting cultural change and
capacity building within society. Evaluation of the NHT’s first stage highlighted awareness
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raising, attitude change and increased understanding and knowledge of conservation issues as
successes (Hassall and Associates 2005). Concrete achievements included 1.57 million hectares
of native vegetation works; construction of 113,000 km of fencing; and 63 million newly
planted seedlings (Hassall and Associates 2005). Unfortunately, a lack of monitoring and
evaluation throughout the NHT means that the environmental impacts of these investments
and achievements is unknown (Hassall & Associates 2005; Hassall and Associates 2005).
A suite of evaluations of the NHT’s second stage, in conjunction with the National Action Plan
for Salinity (NAP), was conducted for various topics such as biodiversity (Griffin and URS 2006),
salinity (RM Consulting Group 2006), and effectiveness of bilateral agreements (ITS Global
2006). Overall, the evaluations found the NHT provided a successful framework and process,
but fell short in producing environmental outcomes. One of the main successes identified was
the bilateral conservation agreements and investment frameworks established between the
Federal and State Governments (Keogh et al. 2006). Crucially, devolved decision making
allowed local groups to respond to local issues within a Federal framework/structure.
Any environmental benefits or conservation outcomes achieved by the NHT arose from the
investment decisions of the 56 Regional Catchment Management Associations. Outcomes
were mixed, probably due to varying capacity, ability and resources in each region (Robins and
Dovers 2007). A number of in-depth case studies of regions have been conducted to determine
the drivers of success. For example in the Savannah Cooperative Research Centre (McDonald
et al. 2005; Taylor et al. 2006), Queensland rangelands (McAlpine et al. 2007), and South
Australia (Farrelly 2005). These case studies identified problems within areas that the NHT
model was specifically designed to address. In particular, the inability of local decision makers
to target investments due to a lack of knowledge of their local environments was noted.
Separation between landholders, local communities, and regional bodies contributed to this
knowledge gap. In many ways, the NHT further confirmed landholder’s sense of ownership and
land use rights, by funding projects designed, controlled, and voluntarily implemented by
them. Landholders were often not involved, however, in regional decision making or funding
allocations. This meant that although landholders determined land use by volunteering
possible projects, they were removed from the overall control and management of resources.
Additionally, the NHT did not explicitly consider community values in resource allocation. Nor
did it specifically evaluate the environmental outcomes of projects.
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2.3.3 Launching the NAP
The National Action Plan for Salinity and Water Quality (NAP) was launched in 2000 to
complement the NHT. The NAP focused on the specific issues of salinity and water quality
within Australian natural resource management. The NAP received funding of $1.4 billion over
the seven years to June 2008, when it was integrated into the Caring for Our Country program.
The NAP operated in 21 regions of Australia that were identified as the worst effected by
salinity and water quality problems. Funds were managed as with the NHT, by local authorities
with support from a Federal framework. Bilateral agreements between the State and Federal
Government were again formed.
The NAP had similar objectives to the NHT, focusing on capacity building of people and
institutions that would potentially lead to conservation outcomes, rather than on conservation
outcomes themselves. Over 50% of the funds under the NAP were spent on extension or
payment of small temporary incentives to landholders (Pannell and Roberts 2010). The Natural
Resources Management (Financial Assistance) Act 1992 states that the NAP funds were to
facilitate the development and implementation of integrated approaches to natural resource
management, as well as to promote community, industry and government partnerships, and
establish institutions.

2.3.4 NAP outcomes
The NAP effectively motivated the community in regions where conservation activities were
not present. By focussing its attentions on 21 regions, it also possibly targeted investments to
the most appropriate geographical areas (Sinclaire Knight Merz and Amron Consulting 2006).
The NAP was not effective, however, in regions with established conservation activities, or at
targeting investments to the most appropriate projects within a region (Sinclaire Knight Merz
and Amron Consulting 2006). The NAP was unable to create broader landscape level change
due to the inadequate level of funds available, and the large scale of the tasks required
(Sinclaire Knight Merz and Amron Consulting 2006). The limited use of scientific, social or
economic information in program planning or project appraisal may be more at fault (Pannell
and Roberts 2010).

2.3.5 Trialling Market Based Instruments
Limited Market Based Instrument (MBI) trials formed part of the NAP, under the National
Market Based Instruments Pilot Program. MBIs have been promoted for project investment
allocation as they are theoretically more efficient at achieving environmental benefits than
grant or fixed payment schemes (such as those typically used by the NHT and NAP). In 200117

2005, the National Market Based Instruments Pilot Program held two pilot rounds of trial
programs across all States of Australia. Following is a short summary of the MBI process and
prominent MBI schemes. The potential efficiency and effectiveness of MBIs at targeting
conservation investment is yet to be achieved, as large scale programs based on these trial
findings are yet to be implemented.

MBI process
The MBI process typically involved landholders identifying possible projects on their land,
developing project proposals, and submitting these proposals as competitive tenders to
specific environmental schemes. Alternative MBIs are explored in the following chapter
investigating incentive design, Chapter 3. The various tendered projects are assessed for their
ability to meet a scheme’s objectives, then ranked according to their cost-effectiveness,
selected and funded. The metric used to determine the relationship between the various
aspects of a project and its projected environmental outcomes is crucial to the ability of a
scheme to achieve its objectives efficiently. Usually, each program designs a unique metric for
its specific environmental objectives and their relationships to project actions and costs. This is
often referred to as an Environmental Benefits Index (EBI) but can be termed a Systematic
Conservation Plan, depending on the focus of the metric.

BushTender/ecoTender
The Victorian umbrella scheme ecoMarkets consists of a suite of market based schemes where
private landholders competitively tender for funds to protect and improve their existing native
vegetation or to create new patches (Department of Sustainability and Environment 2006).
The first scheme was BushTender, implemented as part of the NAP’s MBI pilot program. Two
trials took place, the first from 2001 to 2002 in North Central and North Eastern Victoria, and
the second from 2002 to 2003 in Gippsland. $1.2 million was spent during the two trials. This
funding secured over 4,800 hectares of native vegetation, through three-year long BushTender
Management Agreements between landholders and the Department for Sustainability and the
Environment (Stoneham et al. 2003). Tenders were selected based on being ‘best value for
money’, which was assessed as the increase in a single environmental outcome, terrestrial
biodiversity, per dollar of the tender bid (Stoneham et al. 2003).
Other programs subsequently implemented by the Victorian Government through the
ecoMarkets scheme include ecoTender; Southern Victoria BushTender; Habitat Tender; Plains
Tender; North East RiverTender; Bush Returns; and CarbonTender. The ongoing ecoTender
scheme followed on from the BushTender program, becoming the first larger scale ecoMarkets
project. EcoTender expanded the contract selection criteria to include multiple environmental
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outcomes. A biophysical model, the Catchment Modelling Framework, now called EnSym, is
used in the project selection process (Eigenraam et al. 2006). This Catchment Modelling
Framework enables the assessment of multiple environmental outcomes resulting from
changes in land use. Environmental outcomes could include carbon storage and emissions,
terrestrial biodiversity, aquatic function and saline land area. Scales ranging from individual
paddocks to broad landscapes can also be modelled.
EcoMarket’s initial work has focussed on process and program design, over and above realising
actual conservation outcomes and environmental benefits. For instance, ecoTender aims to
estimate environmental outcomes, reveal landholders with low costs, and ensure landholder
actions occur (Eigenraam et al. 2006). Concrete environmental outcomes from ecoMarkets are
limited so far, but the design outcomes have been seen as successful (McGregor et al. 2002).
The project has identified appropriate process and program design, that when implemented
will improve the efficiency and effectiveness of conservation programs.

Auction for Landscape Recovery
The Western Australian Auctions for Landscape Recovery program was also part of the NAP’s
National Market Based Instruments Pilot Program. Auctions for Landscape Recovery was a
joint initiative between private and public conservation organisations, including the
WorldWide Fund for Nature; the Western Australian Department of Environment and
Conservation; and The University of Western Australia. Funds totalling $200,000 were
provided for 21 separate management contracts using an Environmental Benefits Index (EBI)
comprising 48 weighted indicators (Gole et al. 2005). Contracts required management actions
such as fencing, revegetation, fox and rabbit control and corridor construction (Gole et al.
2005). The EBI took into account current and projected environmental outcomes of the
tendered projects. The program also utilised the Salinity Investment Framework (a precursor
of the Investment Framework For Environmental Resources, discussed in section 2.4.3) to
determine projects of high priority for conservation management.

Environmental Services Scheme
The Environmental Services Scheme in New South Wales was part of the NSW Salinity
Strategy’s Environmental Services Investment Fund. This trial scheme involved contracting
landholders to achieve environmental services by changing their land use. $2 million was
invested, with contracts covering 11,000 hectares (Grieve and Uebel 2003). The aim of the
Environmental Services Scheme was to identify issues involved in developing a market for
environmental benefits produced by landholders. Issues anticipated included costs for
landholders; defining ownership of the benefits; and implementing necessary financial,
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contractual and incentive arrangements (Grieve and Uebel 2003). Environmental services
targeted by the scheme included carbon sequestration as well as benefits relating to terrestrial
biodiversity, salinity, soil quality and structure, water quality, and acid sulfate soils.
The Environmental Services Scheme’s novel focus on environmental services meant that the
scheme was able to support a wide range of restorative land use changes and management
actions throughout NSW. Uniquely, it was also able to estimate potential environmental
benefits for a wide range of environmental services (Oliver et al. 2005). To this end, significant
work was invested in the index or measurement system used to select between competing
project tenders (Grieve and Uebel 2003).
Administration and funding of the Environmental Services Scheme project was overseen by an
Environmental Services Investment (Environmental Markets) Team. This team was jointly
established between the previous NSW Department of Land and Water Conservation (DLWC now NSW Department of Infrastructure, Planning and Natural Resources, DIPNR) and State
Forests of NSW (Grieve and Uebel 2003). However, with the NHT and NAP’s shift towards
devolved funding models in natural resource management, followed by the establishment of
Catchment Management Authorities in recent years, the management and implementation of
the Environmental Services Scheme became the responsibility of local Catchment
Management Authorities.

2.3.6 Impact and future of NHT and NAP
The primary impact of the NHT and NAP is through the regional funding model and
establishment of local Catchment Management Authorities.

Regional decision making

theoretically has many advantages compared to State or Federally based decisions, particularly
in the areas of community engagement and responsiveness to local issues. It is also a more
efficient structure than the small, local groups employed under the NLP by being centralised.
Critical evaluations of the NHT and NAP consistently raised a number of issues, such as the
need for better targeting of investment decisions within regions. Although the NHT and NAP
invested heavily in capacity building, further support for regional decision making under CfoC
will likely be required in the future, as capacity is still lacking in most regions (Seymour et al.
2008), and both decision makers and issues are ever-changing.
The future of Catchment Management Authorities is also heavily dependent on their funding.
Many have been unable to generate funds from sources other than the Federal Government,
due in part to their newness. For large scale environmental change to occur, either Federal
funding must be increased or alternative sources of income secured by regions. Markets for
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environmental services, such as the Victorian ecoMarkets, are one solution that has been
trialled. EcoMarkets aim to create a marketplace where landholders and regions become
‘sellers’ of environmental benefits to private company and conservation organisation ‘buyers’.
Concerns have also been raised about how to more directly link the goals of conservation
programs and the on-ground works of landholders. The National Farmers Federation raised
concerns about the management of NHT and NAP’s funding, and its link (or lack thereof) to onground activities with the potential to achieve the environmental objectives (NFF 2004).
Payment for outcomes potentially address some of these concerns because they more clearly
link the funding from conservation projects with environmental outcomes, and improve the
transparency of conservation decision making. The trialling of MBI programs has exposed
landholders around Australia to emerging markets for environmental benefits. The closer ties
between conservation activities and objectives, embodied by payment for outcomes, are
expected to benefit both conservation organisations and landholders.

2.4 Phase 3 - Caring for our Country and Private investment
2.4.1 Launching Caring for our Country
Caring for Our Country (CfoC) is the latest natural resource management or conservation
initiative of the Australian Federal Government. Commencing on 1 July 2008, it integrates and
replaces the National Landcare Program (NLP), the National Heritage Trust (NHT) and the
National Action Plan for Salinity and Water Quality (NAP). CfoC will provide $2.25 billion
between 2008 and 2013 for six national priority areas, namely (1) the National Reserve
System; (2) biodiversity and natural icons; (3) coastal environments and critical aquatic
habitats; (4) sustainable farm practices; (5) natural resource management in northern and
remote Australia; and (6) community skills, knowledge and engagement. To achieve outcomes
for these six priority areas, specific targets have been set for the first two years; measurable
outcomes for 2013 have been identified; and 20 year projections have been made
(Department of the Environment Heritage and Arts and Department of Agriculture Fisheries
and Forestry 2008).
Following the criticisms of the NLP and NHT, CfoC has developed specific and measurable
targets for the activities and outcomes of the program. For example, the five year outcome for
Priority 2, Biodiversity and natural icons, is for at least one million hectares of native habitat
and vegetation to be managed in a way that reduces critical threats to biodiversity and
enhances the condition, connectivity and resilience of habitats and landscapes (Department of
the Environment Heritage and Arts and Department of Agriculture Fisheries and Forestry
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2008). However, the targets need to be selected based on evidence connecting them with
achieving the goals for the priority area.
Establishing at least one million hectares of native habitat and vegetation as part of Priority 2
will require investment on private land, as it is in addition to the expansion of the National
Reserve System. The scale of this project can be appreciated by considering that Australian
broadscale agriculture covers around 20 million hectares of land. Individual project proposals
are being assessed based on demonstrated clear and measurable achievements towards CfoC
targets, public benefit, value for money, best available science and risk mitigation (Department
of the Environment Heritage and Arts and Department of Agriculture Fisheries and Forestry
2008). Applying the criteria diligently identifies a projects potential to achieve the CfoC
objectives.
The focus of CfoC on outcomes and reporting may tackle some of the key problems with
current conservation programs. The two main missing capabilities within organisations
administering conservation programs are (a) an ability to link expenditure to outcomes; and (b)
standardised systems for measuring, and valuing, outcomes (Hajkowicz 2009 pg 476).
Flexibility will also be required, however, as conservation attitudes and capacities of future
landholders change in response to changes in the environmental, political and economic
climate. The NLP, NHT and NAP have created a strong identity for ‘Australian conservation
programs’ amongst landholders and rural communities. The importance of previous programs
to its implementation is recognised by CfoC (Department of the Environment Heritage and Arts
and Department of Agriculture Fisheries and Forestry 2008).

2.4.2 Private schemes and new conservation models
A large number of private investors and not-for-profit or non-government conservation
organisations have also undertaken conservation work on private lands. This has been through
making voluntary conservation contracts with private landholders, as well as purchasing land,
organising covenants, and funding conservation efforts. Examples discussed below include the
World Wildlife Fund for Nature, BushBrokers, Australian Bush Heritage Fund, and the
Australian Wildlife Conservancy. Future government conservation programs must work within
this broader context, forming arrangements complementary to private sector schemes.
The World Wildlife Fund for Nature has implemented limited conservation contracts with the
Liverpool Plains Land Management Tender in 2001, 2003 and 2005; and with Auctions for
Landscape Recovery in Western Australia (discussed above) during 2004-2005 (Gole et al.
2005; LPLMC and WWF 2005) . BushBrokers is a partnership between World Wildlife Fund for
Nature, the Real Estate Institute of Western Australia, and the National Trust of Australia,
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receiving the support of the Department of Agriculture and Food Western Australia, Soil and
Land Conservation Council (Western Australia), the Natural Heritage Trust and Lotterywest
(World Wide Fund for Nature 2006).

Arising out of a Memorandum of Understanding,

BushBrokers was created to help promote the purchase of private bushland for conservation;
to increase the market value of bushland; to assist people, communities and like-minded
people to purchase bushland; and to develop land-planning processes that facilitate this new
market (Figgis 2004).
The Australian Bush Heritage Fund is a national, independent and non-profit organisation. It
focuses on achieving long term protection of Australia’s natural environment by creating
reserves on private land for the protection of species and habitats (Australian Bush Heritage
Fund 2005). This involves raising money from the community to buy and manage a network of
reserves across Australia. Presently 372,156 hectares is protected with plans to reach
7,700,000 hectares by 2025 (Australian Bush Heritage Fund 2005). Of particular note is the
Gondwana Link project in the south of Western Australia, which includes public and private
lands managed through the Fitzgerald Biosphere Group, Fitzgerald National Park, Greening
Australia, The Malleefowl Protection Group Inc, The Nature Conservancy, and the Wilderness
Society (Gondwana Link 2006).
The Australian Wildlife Conservancy is a private group that owns 14 properties or sanctuaries
covering 917,000 hectares. In 2006, their Mornington Wildlife Sanctuary in the Kimberley
region of Western Australia was named ‘non-government organisation reserve of the decade’
by the World Wildlife Fund Australia and the Federal Minister for the Environment (AWC
2006).

2.4.3 Improving resource allocation decisions
Quality allocation of resources is vital to the success of conservation, as the resources of any
conservation organisation are finite, making organisations unable to fund all possible
conservation projects. Conservation policies in Australia – including the NLP, the NHT and the
NAP – have been criticised for not following good decision making and resource allocation
procedures. The resource allocation problem covers multiple levels of decision making,
including what assets to fund; what projects to fund; and how to fund these projects. For
example, when considering native vegetation conservation in a region, an organisation must
ascertain what native vegetation sites are the most valued assets; what set of actions and
resources is most likely to lead to vegetation conservation; and what mechanism should be
used to secure these actions and resources for the least cost.
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Although little economic analysis was performed as part of the NLP, NHT or NAP, a number of
models for determining conservation resource allocation have been developed and
implemented in Australia. Multiple-criteria analysis (MCA) has been developed to explicitly
incorporate more non-monetary criteria into conservation allocation decisions, and is now
often being used for allocating funds in Queensland (Hajkowicz 2007). MCA creates an overall
index of the selected environmental and other benefits provided by a conservation project,
weighting each environmental benefit and cost by its value (to society or the conservation
organisation) and combining these into one index. For example, criteria could include the
project’s impact on agricultural profitability; natural systems; community benefits; and
environmental risks (Hajkowicz 2007). When focused on environmental criteria, this is
equivalent to an Environmental Benefits Index (EBI) without a financial cost-assessment
component. MCA allocates funds to projects based on how well it meets the goals of the
conservation organisation, when expressed as criteria (Hajkowicz et al. 2009). Experience has
shown, however, that using MCA, rather than making informal, unguided decisions, does not
necessarily lead decision makers to alter their project selection (Hajkowicz 2007).
Another investment decision tool used by conservation organisations in Australia is the
Investment Framework for Environmental Resources (INFFER). INFFER is based on a costbenefit analysis framework. Implementation of INFFER proceeds through a seven step process
(www.inffer.com.au). The process begins with identifying significant assets and filtering them.
Projects for these assets are then assessed and selected, with investment plans developed.
The plan is implemented and actively managed. The central metric for deciding between
asset/project combinations is a Benefit: Cost Index, pitting the various environmental and
other benefits of a project against its costs (Alexander et al. 2008).
Included within INFFER is a Public-Private Benefit Framework, which compares the private
(landholder) benefits of a project to its public or social benefits. The Public-Private Benefit
Framework assists conservation decision makers to determine the appropriate policy
mechanism to fund a selected project for a significant asset (Pannell 2008). For instance,
projects with high public benefits but low private benefits may require positive incentives,
while other projects with private benefits as well as public may require only extension of
information. The range of policy mechanisms available to implement projects are discussed in
the following chapter.
Both MCA and INFFER assist conservation organisations to translate their goals into selection
criteria that can identify key assets and projects. INFFER takes this a step further to identify the
appropriate policy mechanism to fund the project. CfoC supports the use of INFFER by decision
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makers for both project planning and consideration of funding applications (Department of the
Environment Heritage and Arts and Department of Agriculture Fisheries and Forestry 2008).
MCA has received support from the Queensland State government. MCA and INFFER
potentially make funding decisions more transparent, structured and accountable. This is
intended to increase the confidence of conservation decision makers and the wider
community that the most efficient allocation of resources has been made. However, the
quality of conservation frameworks and decisions employing MCA or INFFER is only as good as
each organisation’s ability to accurately identify, assess and predict a project’s benefits and
costs.

2.5 Conclusions
The development and design of Australia’s future conservation policy should take into account
previous conservation schemes. In particular, the attitudes and beliefs of landholders,
conservation organisations and local communities created by previous programs about
conservation and it’s funding. The NLP gave rural landholders a strong sense of ownership of
the environmental services their properties provide to them and the wider community. The
NHT and NAP’s regional funding model further reinforced the landholder and rural
community’s control of conservation programs. The current CfoC program will rely to some
extent on the continuation of this regional structure for conservation decision making, and its
engagement with individual landholders, to be successful.
Australian conservation programs have been generally criticised for poor decision making
processes and an inability to achieve environmental outcomes.

To ensure the most

appropriate and efficient decision making by conservation organisations, future conservation
programs should incorporate a closer link between ecological, social and economic sciences. In
the case of biodiversity, ecology can provide guidance on the actions and conditions necessary
for potential conservation projects to achieve environmental outcomes. Social sciences can
investigate the barriers and motivations to implementing the program and achieving
conservation outcomes. Economics can then link these environmental and social variables with
their expected benefits and costs, facilitating effective resource allocation and policy
mechanism selection. The integration of multiple disciplines will help conservation
organisations to achieve their goals and environmental objectives more efficiency and
effectively.
Internationally there is now more of a “post-productivist” approach to land use, where
agricultural production is explicitly being foregone in favour of environmental benefits (Mather
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et al. 2006). This is partly due to the growing recognition that education and extension
programs alone will not be appropriate for many conservation projects, or sufficient to achieve
many conservation outcomes. Payment-for-outcomes schemes, with direct payments to
landholders for environmental benefits, are an attractive alternative due their potential to
directly link conservation objectives and policy mechanisms. Such schemes are becoming
widespread, particularly in developing countries (Wunder et al. 2008). The positive reception
of MBI pilot programs by Australian policy makers, and the slow but steady growth of these
programs around Australia, shows that this is also a trend locally.
Australian landholders and policy makers are aware of these trends and are expecting the use
of payment for outcomes to increase. At the same time, there continues to be arguments put
that the current agricultural and conservation system in Australia is not sustainable and needs
to change (Hamblin 2009). Examples of successful, adaptive environmental management are
required, particularly in light of future environmental uncertainty due to climate change
(Heller and Zavaleta 2009). Payment-for-outcomes and targeted payment-for-actions (or
grant) schemes have potential to contribute to cost-effective environmental outcomes,
conservation contracts but must be designed within the context created by NLP, NHT, NAP and
CfoC. This study provides insights into the design of payment-for-outcomes and payment-foractions schemes, and in particular monitoring given the uncertainty of environmental
outcomes.

26

Chapter 3.

Environmental conservation policy

options and design
3.1 Introduction
Conservation organisations are faced with suite of policy mechanisms to implement their goals
and objectives. Policy mechanisms fall into three broad categories: (1) information-related
mechanisms; (2) technology development; and (3) incentive-related mechanisms. Informationrelated mechanisms refers to policies such as education, training, persuasion and awareness
raising (often grouped under the banner of ‘extension’), as well as research to generate new
information. Technology development refers to the use of research to create new technologies
that are superior to existing options. It is appropriate when current technologies or techniques
are unlikely to be adopted through realistic extension or incentive measures. Incentive-related
mechanisms penalise, compensate or pay landholders to encourage or discourage behaviour
change. Measures that encourage favourable behaviour change as positive incentives, and to
measures that discourage unfavourable behaviour change as negative incentives (Pannell
2008).
Guides have been developed to assist conservation decision makers to determine the most
suitable policy mechanism (Commerford and Binney 2005). Conservation organsations can
choose the appropriate policy mechanism for each possible environmental conservation
project based on frameworks such as the public-private benefit framework (Pannell 2008). A
graphical representation of the public-private benefits framework is shown in Figure 3-1. For
each proposed project, the value of the public and private benefits and costs are calculated
and plotted as a point on the graph. The location of the point within the graph determines the
preferable type of policy mechanism for project implementation. The public-private benefits
framework highlights how some projects do not require positive incentives to be made to
private landholders. Rather technology change, extension measures, or even no action can be
more appropriate, depending on the levels of public and private net benefit generated by the
project.
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Positive
incentives

Public net benefit

Extension
No action

0

No action
(or extension or
negative incentives)

No action (or
flexible negative
incentives)
Negative
incentives

Private net benefit

Figure 3-1 Efficient policy mechanisms for encouraging land use on private land, refined to
account for lags to adoption and learning costs, and assuming that managers require
Benefit:Cost Ratio ≥ 2.0 (Pannell 2008).

In the Australian environmental conservation context, positive incentives are the predominant
approach used by conservation organisations. Positive incentives are popular as they fit with
the progression of previous programs and are suited to conservation of Australian native
bushland (Chapter 2). In particular, the positive incentive of payment for environmental
services or payment for outcomes, are often seen as an attractive option as they can efficiently
and cost-effectively integrate the benefits and costs (both public and private) associated with
environmental conservation on private land.
This chapter gives a summary of key environmental conservation policy mechanisms available
to policy makers, and the analytical techniques used to assess them. The choice of analysis
techniques for evaluating policy mechanisms is influenced by the risk and uncertainty inherent
in assessing and predicting the underlying environmental quality and processes. Monitoring,
assessment and enforcement requirements of the contracting processes also alter the choice
of analysis techniques. This chapter outlines the various policy mechanisms available to the
conservation organisation under the three categories of information measures, technology
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change, and incentives. It then details three key analysis techniques for the design and
evaluation of environmental conservation incentives, such as payment for outcomes.

3.2 Information measures
3.2.1 Extension
Extension can be defined as a series of embedded communicative interventions that are meant,
among others, to develop and/or induce innovations which supposedly help to resolve (usually
multi-actor) problematic situations (Leeuwis and van den Ban 2004 pg 27). Extension usually
falls into two categories, namely technical assistance that promotes adoption of an innovation
by highlighting individual private benefits; and community-based engagement aimed at
encouraging individual recognition of public benefits. The conservation organisation transfers
knowledge about the private or public benefits, of which the landholder may have been
previously unaware. The variation or heterogeneity of landholders means a proportion will be
unaware of the new information or its usefulness to them for most innovations. Prior to the
extension efforts of the conservation organisation, these landholders are assumed not to have
been providing environmental services at the private or public optimum.
Extension is designed to accelerate farmers’ decisions to adopt specific farming and/or
conservation practices. The decision process for adoption of a new farming practice has been
summarised as: (1) awareness of the problem or opportunity; (2) non-trial evaluation; (3) trial
evaluation; (4) adoption; (5) review and modification; and (6) non-adoption or dis-adoption
(Pannell et al. 2006). Based on this process, innovations with certain characteristics have been
identified as being more likely to be adopted by landholders. The primary characteristics are
the innovation’s perceived relative advantage over current practice and its ready trialability
(Pannell et al. 2006).
In general, conservation organisations will only benefit from investing in extension when
landholders are likely to receive direct private benefits from the innovation. Efforts to alter
landholders’ perceived private benefits, by increasing their appreciation for the potential
public benefits of the innovation, has been the most widely used approach in Australia’s
environmental and NRM programs over the past 20 years. However, it has been widely
criticised for its failure to deliver the desired outcomes from these programs (Australian
National Audit Office 2008; Pannell and Roberts 2010).
Extension is mostly useful when landholders receive financial or other benefits from the works
being promoted (potentially including valuing the environmental conservation outcomes or
directly receiving social benefits of the outcomes). Adoption is an individual decision, so the
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conservation organisation will benefit most when emphasising individual’s private benefits and
so bringing the adoption decision forward in time. However, environmental extension has
often been focused on promoting the public benefits of environmental outcomes, not
necessarily the individual’s benefits (Vanclay 2004). This had lead to a limited success of
extension (RM Consulting Group 2006).
Extension can also be included as part of a wider scheme to maximise the return on the
investment in incentive mechanisms or research and development. For example, the
Australian National Landcare Program provided some funds directly to landholders for their
efforts (positive incentives), but also used these projects to demonstrate the benefits of the
work to other landholders using extension. The demonstration and associated communication
efforts encouraged other landholders to also change their practices, without the need for
direct funding.
Conservation organisations can also invest in extension as part of a research and development
project, providing information on resulting new innovations and evidence of their usefulness.
Examples of this are prevalent in agricultural technologies, such as new crop varieties and
farming equipment. Specific environmental examples include projects to re-establishing native
habitat, lucerne pasture, other perennial pasture species, salt-tolerant species, and raised beds
for cropping.
It is difficult for a conservation organisation to determine their optimal level of investment in
extension efforts. In theory, the investment should not be greater than the benefit the
landholders and society receive from adoption of a practice or technology. Examining the
return on investment in extension is complicated by the frequent use of one extension
program to promote multiple technologies. Extension is also often used to compliment other
mechanisms, as it is useful for promotion and awareness raising. While initial environmental
conservation efforts in Australia (for instance, National Landcare Program) were focused on
extension, it appears likely that this mechanism has presently reached the limits of its impact
in many parts of rural Australia.

3.2.2 Research to generate information
Research can be conducted into the application of existing technologies to advance adoption.
This is similar to extension as it is designed to change behaviour through information.
However, the additional research identifies further information for the appropriate adoption
and use to maximise the environmental outcomes the technology achieves. For example, the
Federal research institution, the Grains Research Development Corporation, funds trials of
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various crop varieties across Australia to demonstrate their use in different regions (GRDC
2009).
In addition to work by public institutions, research is also conducted by private organisations
for more specific interests. Many Australian landholders have formed cooperative groups to
organise research and development for their local situation or specialist interest. The local
situation is of interest as technical efficiency of agricultural production in Australia is often very
location-specific. This is due to differences in soil types, hydrology, topography, and/or climatic
considerations. The advantage for local landholders is that this specialisation and group
membership can exclude others who have not invested from benefiting from the research. An
example of a special interest group would be the Western Australian No-Till Farming
Association, dedicated to research into no-tillage farming practices in Western Australian
agricultural areas.

3.2.3 Labelling and certification
Labelling and certification has been in place for many years, both voluntary and regulatory.
Labelling and associated marketing informs the consumer about the product with the intention
of influencing their purchase decisions. The growing public interest in environmental issues
means environmental labelling is also receiving increased attention. For example, Banrock
Station winery promotes their investment in native wetlands as part of the wine’s appeal
(Puch and Fletcher 2002).
Food and safety standards often are not incorporated explicitly into labelling, but are assumed
to be in place due to legislation. For example, the herbicide residue levels in food are regulated
in Australia but not necessarily internationally (Gruber et al. 2003). Regulatory standards are
generally not explicitly labelled on products, requiring consumers to either trust the
government or investigate each product themselves.
Labelling increases consumer confidence in products as it represents a process of auditing and
enforcement of standards, either by the government (in the case of regulations) or by
independent assessors (in the case of voluntary quality assurance programs). The ISO series of
international standards is particularly popular as it is easily recognised and well respected.
Australian organic food certification is highly controlled, and this together with the higher cost
of production technology increases the price of organic food above that of typical production.
The higher price is a secondary signal to consumers of the investment in reliable auditing and
enforcement of standards.
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A perceived lack of stringent controls can have a very negative impact on voluntary labelling
programs. In contrast to the case of organic food, Australian carbon sequestration programs
have received negative publicity due to the poor controls in place. Carbon sequestration
programs establish vegetation to offset the carbon emissions by other businesses or private
individuals. These offsets are often referred to as ‘carbon credits’. The requirement for
vegetation to remain in place for decades to achieve this carbon offset means auditing of
vegetation sites is necessary. However, this has not always occurred, tarnishing the reputation
of carbon sequestration programs in general (Kollmuss et al. 2008; Reeson 2009).
The usefulness of labelling for conservation is mixed. Its success is dependent on the
characteristics of the product and market. The wholesale export orientation of Australian
broadacre agriculture means there is limited scope to use labelling and certification to inform
final consumers about the product, or to link a price premium back to specific landholders.

3.3 Technology development
3.3.1 Research for technology development
Research and development of new technology to improve environmental benefits or
conservation outcomes is often seen as a government responsibility. The main reason for this
is that as a ‘public good’ it provides a positive public benefit but not an economic return to
private investors. Public goods are non-excludable and non-rival, meaning no one can be
excluded from using the good and its consumption by one individual does not preclude others.
The benefits of environmental improvement due to technology development are shared by the
wider society. It is therefore argued that the funding of such technology development should
be by public funds such as taxation. Technology development is also unlikely to occur in private
research organisations as they are unable to generate a sufficient return on the investment.
Public research in Australia is funded through many institutions and arrangements. Funding is
largely provided through grants managed by organisations such as the Australian Research
Council (Australian Research Council 2009). Grants are usually provided to public research
institutions such as universities and research foundations, or government research
organisations. Funding is also provided by individual government organisations such as the
Rural Industries Research and Development Corporation. The Rural Industries Research and
Development Corporation specialises in funding research into new rural issues and potential
technologies.
Limited research and development is currently being conducted by private conservation
groups. Private conservation groups are often involved in extension programs but do not have
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sufficient infrastructure to undertake large-scale or in-depth research and development such
as plant breeding, field trials, etc. Conservation organisations may form joint ventures with
larger government and research institutions for research and development activities. The
Auctions for Landscape Recovery project in Western Australia researched the development of
new conservation incentive mechanisms. The project was a collaboration between Australian
Museum, Avon Catchment Council, the WA Department of Conservation and Land
Management, CSIRO Sustainable Ecosystems, the Department of Agriculture WA, the WA
Department of the Environment, Greening Australia WA, the Northeast Wheatbelt Regional
Organisation of Councils, Murdoch University, the University of Western Australia, the WA
Farmers Federation and WWF-Australia (Gole et al. 2005).
Technology development is beneficial to conservation organisations when no technology
currently exists and would not be commercially viable for private investors. This often leads
public or government research institutions to predominantly perform basic research, such as
understanding ecological processes, or widely applicable practices, such as deep drainage.
Rather than specific, detailed research such as filtration systems for air pollution from a certain
industry.

3.4 Incentives
Incentive mechanisms are policy tools designed to change individual behaviour by altering the
costs and benefits of different actions. A rational individual will respond to a well designed
incentive mechanism by changing their behaviour, and in so doing they will contribute to
achievement of the policy objectives.
Incentives mechanisms can be categorised as positive (rewarding desired behaviour) or
negative (penalising undesirable behaviour). They can also be described as either marketbased instruments or command-and-control. In a market-based instrument, a regulator sets a
target environmental outcome and designs a program that is intended to be attractive to
appropriate individuals to meet outcomes. With a command-and-control instrument, the
regulator sets a minimum or maximum limit for environmental outcomes and enforces this
standard on individuals, backed up by the threat of penalties (such as fines) for noncompliance. This section discusses financial incentive mechanisms generally and their
usefulness to environmental conservation policy.

3.4.1 Regulation
Regulation is a type of command-and-control mechanisms. Regulations are compulsory
measures imposing requirements on individual parties to achieve specific levels of
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environmental quality. This involves using restrictions, bans, permit requirements, maximum
rights or minimum obligations (OECD 2003). Government regulations (in the form of
legislation) are a typical case. Monitoring and enforcement mechanisms with potential
penalties need to be in place for regulation to result in widespread behavioural change. The
compliance of individuals with regulation is dependent on their perception of the cost of
compliance, versus the probability of monitoring and enforcement leading to penalties.
Monitoring and enforcement of environmental regulation is recognised as often being the
weakest part of the regulation process (OECD 2008). Regulations are compulsory, i.e. not a
voluntary scheme.
Regulations may be specific only to environmental conservation, or part of broader national
environmental legislation affecting many sectors. Environmental legislation legally binds
landholders and organisations, requiring them to provide certain levels of environmental
services. For example, private landholders in Western Australia are banned from clearing
native vegetation under certain circumstances. As another example, land developers may be
required to compensate for the impact of developing a site with ecosystem significance, by
undertaking (or paying for) works in another location which offset the ecosystem loss. Where a
number of developers are required to provide compensatory works, and landholders or others
are able to meet these requirement with standardised off-set ‘products’, then a competitive
offset market emerges.
The party responsible for the environmental degradation is held to account, and made to bear
some or all of the cost to society of the degradation, known as ‘polluter pays’. Regulatory
measures are intended to prevent further loss of specific environmental benefits. By setting
specific environmental outcomes, minimum environmental outcomes are sought. The flipside
of this is, however, that a maximum outcome is also established. This prescriptive approach
means the ability of regulation to achieve environmental outcomes is reliable but limited.
Monitoring expenses are a further limiting factor. To ensure environmental benefits are
achieved, substantial investment in regulation monitoring and enforcement is often required.
The design of monitoring programs has received particular attention. For instance, techniques
such as targeted monitoring can dramatically reduce the cost of a monitoring program (Friesen
2003). Other cost minimisation tactics have included monitoring by members of the public.
Public involvement has been greatly assisted by the emergence of non-profit advisory
organisations, such as the Environmental Defender’s Office (Preston 2006). Such organisations
give legal advice on public actions in relation to environmental regulation.
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Regulation’s other main drawback is that it may not always allow individuals to provide the
desired environmental outcomes in the most effective or efficient way. Each party has a set
limit, unable to trade with other individuals who could achieve the environmental outcomes
more effectively or cheaply. Regulation is most useful in situations where problems are acute,
targets or benchmarks can be easily identified, and monitoring and enforcement are cheap.
The program can then be easily designed, implemented, monitored and enforced, as well as
clearly understood by the individuals and government organisations involved. Examples
include point-source pollution and human health.

3.4.2 Cross-compliance
Cross-compliance is another command-and-control instrument. Cross-compliance requires
landholders participating in financial support programs to undertake specific environmental
works or meet environmental benchmarks (OECD 2003). Cross-compliance is widely used in
the European Union, where the Common Agricultural Policy (CAP) requires payments to
landholders be tied to basic mandatory standards for agricultural and environmental practices.
Each European Union member state sets specific standards for their own landholders (based
on broad European Union regulations). Each landholder is then monitored annually, prior to
payments being made. Cross-compliance is a ‘polluter pays’ mechanism as it requires those
causing the environmental damage to either pay to abate the damage or lose support
payments, reducing their income in both cases. Cross-compliance is a voluntary scheme in that
landholders are not required to comply.
For example, English farmers receiving support payments under the Common Agricultural
Policy will have their payments reduced if they do not meet Statutory Management
Requirements and Good Agricultural and Environmental Condition (Rural Payments Agency
2010). These standards specify maximum stocking rates for cattle or sheep, conditions for the
cultivation of sloping land, and maximum volumes of fertiliser application per hectare. When
assessed as not meeting the compliance requirement the landholder’s payment is reduced by
approximately 3%, with a range of 1-5% depending on the extent, severity and permanence of
the breach. These penalties can be cumulative, with the maximum penalty being a reduction in
payment of 15%.
As with regulation, the prescriptive nature of cross-compliance means environmental practices
and outcomes are specifically defined. The clear rules and direct link between payments and
practices means outcomes are more likely to be achieved. However, the prescriptive nature of
cross compliance limits or caps environmental outcomes the program can achieve, as with
regulations. The potential for innovative and flexible delivery of environmental outcomes is
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removed. The advantage of cross-compliance is that the administrative, monitoring and
enforcement mechanism are already in place. In Australia, cross-compliance has limited
potential as the financial or income support systems do not exist for the cross-compliance
requirements to be incorporated into.

3.4.3 Tradeable rights
Tradeable rights can also be viewed as a type of command-and-control instrument. Under a
tradeable rights system, the government sets a cap on the production of environmentallydamaging materials, allocates permits to individuals or organisations matching this cap, and
facilitates trading of permits. The permit market created by such a scheme ideally allows
individuals to trade in a way that results in the lowest abatement cost for a given level of
environmental damage (OECD 2003). To achieve this goal, the tradeable rights must be clearly
defined and the government must be able to monitor and enforce compliance. Tradeable
rights are a polluter pays system as while the permit may be owned by the party with the
lowest cost for mitigating the environmental degradation, the cost is always borne by those
causing the damage. Tradeable rights are non-voluntary system, with participation being
compulsory.
A common example of a tradeable right are area or catch permits for commercial and
recreational fishing. In Western Australia, commercial and recreational Rock Lobster fishing is
controlled by zones where fishing is allowed with a license and other zones banning fishing
(Department for Fisheries 2009). The permits include restrictions on the size, quantity and
time of year lobsters can be caught. This attempts to maintain the fish stocks and viability of
the fishery long term. Permits can be traded between fishers, as well as purchased by the
government if required. An extensive monitoring and record system is necessary to manage
the permit system, as well as penalties to ensure compliance.
The advantage of tradable rights over less flexible regulations is that the trade between
individuals allows the party with the highest profit per unit of environmental damage to buy
the tradable right. Any other party would profit more from selling their right than utilising the
right themselves for production. Where the economy operates efficiently, so that prices
accurately reflect social values, then the party with the highest profit per unit of
environmental damage is also producing the highest value goods or services for society. Thus,
the market for tradeable permits results in a match between the individual’s or organisation’s
profit and society’s valuation of both the environment and the goods or services produced by
the individual.
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Tradeable rights are attractive for environmental conservation as they set a strict upper limit
for environmental damage, while being more cost-effective than regulation alone. However,
the necessity for clearly defined and measurable tradeable rights limits the use of this
incentive mechanism for environmental conservation. Environmental conservation issues in
Australian agriculture often have small markets, are complex, uncertain and difficult to
monitor, making the use of tradeable rights unviable.

3.4.4 Taxation
The government can provide both positive and negative incentives through its taxation system
in the form of rebates, exemptions or deductions. Taxation incentives can be polluter or
beneficiary pays, depending on if it is a penalty to those damaging the environment or using
public funds to promote conservation. The Australian Taxation office promotes environmental
conservation through preferential treatment of both environmental organisations and their
donors, and landholders entering into conservation covenants. Donations to conservation
organisations on the Department of Environment, Heritage and the Arts Register of
Environmental Organisations are tax deductable, stimulating financial support from the
community. Environmental organisations and donors are also exempt from capital gains tax on
gifts of property valued at over $5000, or on bequests of any value (Department of the
Environment Heritage and Arts 2009). Landholders who place a conservation covenant on the
title of their land to ensure its protection in perpetuity – without receiving money, property or
other material benefit for doing so – are able to claim back any decrease in the value of their
land as an income tax deduction, as well as possibly receiving capital gains tax concessions
(Department of the Environment Heritage and Arts 2007). Taxation can be voluntary, as in this
case, or not as in negative incentives.
The tax incentives described above are all examples of positive incentives. Alternatively, the
government can penalise individuals and organisations for activities which damage the
environment. Specifically, the government can set a tax on the specific materials that directly
damage the environment, either by taxing sales or collecting emissions taxes. Negative
incentives for things which indirectly damage the environment can be implemented by taxing
raw materials or production processes. For example, the government could tax all water used,
only waste water or the concentration of pollutants in the waste water – corresponding to
taxes on the raw material, the production process, and the directly damaging material
respectively.
Taxation incentives have a clear financial advantage, as they use existing administrative
structures, reducing the cost of the scheme. However, the broad-brush approach means they
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are not necessarily able to target specific activities or locations or ensure a certain level of
environmental outcomes. Furthermore, if tax incentives are provided as deductions from
taxable income, different levels of incentive are created for high income versus low income
earners, which is not necessarily efficient.

3.4.5 Subsidies
Subsidies are a positive incentive that reduces the price of goods and/or services linked to
environmental conservation objectives. Subsidies are very flexible in their design and have
been very popular in Australia. Subsidies fund the costs or part of the costs of specific goods
and/or services determined by the conservation organisation, and linked to desirable
environmental outcomes. The individual landholder is required to pay any remaining costs.
Schemes can be on-going or have a competitive application process. When competitive,
subsidies are a small scale market-based instrument, with multiple suppliers but a single buyer
(the conservation organisation). They are also defined as ‘beneficiary pays’ as the conservation
organisation is making the payment on behalf of society, who value the environmental
outcomes. Subsidies are a voluntary scheme as landholders’ participation is optional.
Subsidies suit situations where the price and opportunity cost of goods and services are well
known and similar between landholders. In Australia, the cost of some environmental
conservation activities such as fencing and revegetation can be independently assessed for
each local area, allowing appropriate subsidies to be set. However, the cost of other activities
such as weed and animal control, and the opportunity costs of lost agricultural production vary
greatly between landholders, even within a local area. Agricultural productivity will change
with microclimatic conditions, soil type, topography and hydrology of a site. All of these factors
can change quickly across an area. The cost of securing conservation and removing agriculture
in a location is varied. Also, the opportunity cost of labour is dependent on the landholder’s
available time, the fit of when conservation activities occur and current work, as well as their
alternative income options. Within one region there would be a wide range of labour and
production opportunity cost combinations, inhibiting the conservation organisation from
setting a universal subsidy level that would not lead to either non-participation or noncompliance.

3.4.6 Grants or payment for actions
Grants are a positive incentive that provides funding to a group or individual to assist with
undertaking on-ground works. Grants are generally referred to as payment for actions in this
thesis to distinguish them from payment for outcomes programs. The design and
implementation of a grant scheme is very flexible, allowing it to be tailored to the objectives
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and requirements of the conservation organisation and landholder context. Grants are
generally devolved schemes where landholders or groups of landholders design projects and
apply for funding. If applications are competitive, this is a small scale market-based
instrument, with multiple suppliers but a single buyer (the conservation organisation). The
funding amount may cover the full cost of the works or only part. Also, the timeframe of the
scheme can be open ended – allowing applications to be made at any stage – or with an
application deadline and competitive allocation process. Grants are a voluntary, beneficiaries
pays scheme.
Grants currently exist in Australia for many environmental conservation objectives, for
instance to manage exceptional circumstances (e.g. drought relief); promote innovation;
manage natural resource use; or promote sustainable agricultural practices. An example of a
grant scheme is the Open Grant provided by the Australian Government through Caring for our
Country. Caring for our Country Open Grants provided up to $25 million in 2008-09 for projects
costing $80,000 to $400,000 (Department of the Environment Heritage and Arts and
Department of Agriculture Forestry and Fisheries 2008). The Open Grant scheme targets the
Caring for our Country priority areas of biodiversity and natural icons, coastal environments
and critical aquatic habitats, and sustainable farm practices (Department of the Environment
Heritage and Arts and Department of Agriculture Forestry and Fisheries 2008). An invitation for
submission of possible projects for funding was put to the public, open to all legal entities.
Tendered projects were then ranked, selected and funded. Projects were undertaken in 2008
and assessed against the Caring for our Country objectives in 2009.
The success of grants varies greatly due to the variety of design options and works undertaken.
For example, assessment of the small grants offered by the National Action Plan for Salinity
and Water Quality to increase adoption of new salinity management practices showed the
program did not lead to adoption as the targeted practices were not appropriate (Pannell and
Roberts 2010).
The process and outcomes of the major conservation programs in Australia and the
prominence of small grants were discussed in the previous chapter. The popularity of grant
schemes among environmental managers is largely related to their ease of use for landholders
and decision makers, rather than their efficiency or effectiveness at providing environmental
conservation benefits.
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3.4.7 Payment for environmental services
Payment for outcomes (otherwise known as payments for environmental services) is another
small scale example of a market based instrument. Payment for outcomes involves voluntary
transactions, where a defined environmental service (or land use likely to secure that service)
is bought by a buyer from a service provider (Wunder et al. 2008). In practice, the market is
small and limited as there are generally only a few suppliers and one buyer, and it is conducted
over a set timeframe. Payments for outcomes are a voluntary scheme, where beneficiaries pay
for the environmental outcomes they desire.
Payment for outcomes can include payment for on-ground work such as fencing and weed
control, as well as possible end-of-contract bonuses for environmental benefits such as
biodiversity conservation. Payment-for-outcomes schemes may have a call for applications and
a competitive allocation process, or they may continuously accept applications. Australian
payment-for-outcomes programs have in general been competitively assessed tenders, based
on the proposed environmental conservation works, their predicted outcomes and the
timeframe of the contract (Hatfield-Dodds and Proctor 2008).
Payment for outcomes are appropriate in situations when environmental conservation
requirements vary or are uncertain, or specific actions are more difficult to observe than
environmental benefits (Gorddard et al. 2008). When the conservation organisation is
uncertain how environmental services are provided, but landholders know, payment for
outcomes enable the organisation to contract for the services without investigating how
services are provided. Also, if the conservation organisation is unable to observe the
landholders actions, but can observe the environmental services, the organisation can contract
for the services confident the actions will occur. Suitable applications include maintaining bird
populations, conserving species diversity, or maintaining standards of water quality.
Environmental conservation actions may or may not be specified in the contract. For instance,
a contract might specify the target number of breeding pairs of a bird population, but may or
may not demand specific actions such as creating nests or fencing the area.
Internationally payment for outcomes are user financed programs and government funded, as
well as occurring in developed, developing and undeveloped countries. Programs have
targeted carbon sequestration and storage, biodiversity protection, watershed protection, and
landscape beauty (Wunder 2005). User or privately financed programs include water quality in
France (Perrot-Maître 2006), as well as carbon sequestration in Ecuador and biodiversity
protection in Bolivia (Wunder and Albán 2008). Government funded programs include the
Conservation Reserve Program in the USA targeting water, soil, and wildlife protection (Baylis
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et al. 2008; Claassen et al. 2008), Sloping land conservation program targeting watershed
protection in China (Bennett 2008) and Payments for outcomes targeting water quality,
biodiversity conservation, carbon sequestration and scenic beauty in Costa Rica (Pagiola 2008).
Key issues which must be addressed in further developing markets for payment for outcomes
are overcoming the inability to measure environmental services, estimate their economic
value, and make them tradeable (Kroeger and Casey 2007).

3.4.8 Competitive tenders
Competitive tenders (or auctions) are a market based instrument used to select projects in a
payment-for-outcomes or payment-for-actions scheme. In a competitive tender a single buyer,
a conservation organisation, asks for proposals (or bids) for the provision of environmental
goods and services. Tenders are a voluntary scheme, where beneficiaries pay for the good or
services they desire. Bids are selected based on value for money and capacity to meet specific
environmental conservation outcomes. Theoretically, competitive tenders are very cost
effective compared with fixed grants and subsidies, as they elicit the bidder’s cost and/or value
of providing the goods and services and avoid over compensation. The invitation for proposals
allows landholders to tailor the mix of selected activities to suit their situation and personal
preferences. It also encourages those not necessarily interested in the environment to
consider the financial return they could make from bidding. The advantages of auctions can be
eroded over time as bidders learn about the bidding system and costs of other bidders. Also
the there can be distortions due to differences resources and information between bidders.
The accurate assessment of bids and prediction of their environmental conservation outcomes
is crucial to the efficiency and effectiveness of competitive tenders. Clear relationships must
exist between the various goods and services offered and specific environmental conservation
objectives. Large scale schemes become difficult, as comparing benefits and costs across
regions is problematic. This problem is compounded by the need for schemes to be
competitive. Without a sufficient number of bids, competition will not be stringent enough to
ensure a cost-effective scheme.

Competitive tenders may disadvantage coordination of

projects between neighbours, due to the inherently competitive nature of such schemes. This
can be overcome to some extent by allowing joint bids.
Experiences with competitive tenders in Australia have generally been positive to date.
Auctions are seen to offer cost savings over set-price schemes for investment in nature
conservation on private land (Stoneham et al. 2003). However, the efficiency of large-scale
auctions are potentially inhibited by the information required by landholders to design
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appropriate projects (Rolfe et al. 2009). In the U.S.A., the use of competitive tenders initially
improved cost-effectiveness of agri-environmental scheme (Lester 2009). The overall
improvement falls short, however, of theoretical predictions of competitive tender cost
effectiveness. This is most likely due to the fact that reality is complex and rarely as efficient as
the perfect models used in theoretical calculations (Claassen et al. 2008).

3.5 Monitoring and enforcement
Effective use of incentive-based policy mechanisms relies on landholder compliance, which in
turn depends on the design of monitoring and enforcement measures, with penalties. Without
sufficient monitoring and enforcement, the landholder could benefit more from entering the
scheme and not complying than from entering and complying. This can occur when the
conservation organisation is unable to observe either the landholder’s actions or the
environmental outcomes. Actions and outcomes may be unobservable due to physical or cost
limitations. Such potential for incomplete compliance reduces the efficiency with which
conservation organisations can achieve their desired environmental outcomes.
The situation described above is a form of ‘slippage’. Slippage refers to the difference between
perfect or complete compliance, and the reality of partial compliance (due to individual
inaction or extenuating circumstances). Perfect compliance is often used to forecast the
outcome of programs. If this differs greatly to the real works done and environmental
outcomes achieved, program success can be dramatically over estimated (Wu 2000).
Another form of slippage specific to environmental conservation is the conversion of
previously non-agricultural land to agricultural production, due to commodity price increases
and land substitution (Wu 2000). If agricultural land is removed from production on a
sufficiently large scale, commodity prices rise due to the fall in supply. The size of area and
scale of price change are very location and commodity specific. For example, in the U.S.A.
Conservation Reserve Program 18 million acres of the Corn Belt, Lake States and Northern
States in 1992 was entered into the CRP but the area of cropping only decreases by 13 million
acres (Wu 2000). The higher price potentially leads some landholders to increase agricultural
production. For instance, landholders may receive payments for not using particular areas of
land, which have previously been used for agricultural production. In order to utilise the
production capacity of the landholder, alternative areas not currently under agricultural
production may then be used. So whilst the landholder is compliant the environmental
objective is not being achieved.
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Theoretically, an economically rational individual’s decision to comply or not depends upon
comparison of the expected benefits with the expected costs (Becker 1968). Monitoring and
enforcement can improve compliance by altering the balance between benefits and cost.
Rigorous monitoring and enforcement can, however, be prohibitively expensive and resource
intensive for conservation organisations. It is therefore important to identify cost-effective
monitoring and enforcement strategies.
The efficiency of monitoring and enforcement can be improved using techniques such as
targeting and filtering. Targeting involves dividing individuals into two groups, which are either
frequently or infrequently monitored. Assignment to each group is based on an individual’s
compliance history, i.e. non-compliance or compliance (Harrington 1988; Harford 1991).
Individuals will then be motivated to comply, as it is better to avoid being placed in the
frequently monitored group. This assumes the individual bares additional costs when they are
monitored due to time and resources required for inspection. Filtering employs a similar
approach. Filtering systems use a two stage process, where those deemed non-compliant
according to an initial ‘trigger’ receive a further, more stringent ‘audit’ (Heyes 2002). In this
case, individuals comply in order to avoid being audited.
Other methods for improving the efficiency of monitoring include self-report and setting
environmental targets. The use of self-reporting combined with an audit strategy can cost
effectively increase compliance in a similar way to filtering (Macho-Stadler and Pérez-Castrillo
2006). The cost-effectiveness of monitoring can also be improved through the monitoring
policy objective. A policy objective which focuses on meeting a set environmental target rather
than a budget constraint focuses the monitoring effort on the environment, ultimately
increasing its overall cost efficiency (Heyes and Kapur 2009).
Empirical research has established that increased monitoring and enforcement can deter
violations and improve environmental performance, but that enforcement efficiency is
dependent on both the regulator’s and the individual’s context and motivations (Cohen 2000).
As an example, the varying risk preferences of individual parties can alter their propensity to
comply or not. The regulator is routinely assumed to be risk neutral. The individual sits on a
large range of risk preferences, from risk averse, to neutral and risk loving. Organisations are
usually viewed as risk neutral, meaning they are able to insure against assumed downside risk.
Contracting with risk averse landholders reduces the cost of monitoring and enforcement, as
they are more likely to comply to ensure lower income over risking potential gains (Fraser
2002).
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Empirical evidence also shows that individuals consistently comply with environmental
regulations, despite infrequent monitoring, small penalties, and rare enforcement (Harrington
1988). A proposed explanation for this is that individuals and organisations often have a vested
interest in compliance (Parker 2006). For example, a company who uses their positive
environmental reputation in their marketing would not want to be publicly fined for not
complying. Hence the under- and over-compliance of individual parties with environmental
regulation is related to the fit of compliance with their strategic position. The regulator’s
reputation for enforcement can also influence the optimal monitoring and enforcement
choices (Shimshack and Ward 2005; Wu 2009).
To date, monitoring and enforcement of environmental conservation incentive programs has
been limited. The U.S.A. Conservation Reserve Program only monitors 5% of sites each year
(Claassen et al. 2008). The U.S.A. Environmental Quality Incentives Program, program had a
non-compliance rate of 17%, but this has been reduced through increased monitoring and
enforcement (Lester 2009). The two major Australian environmental programs, the National
Heritage Trust and National Action Plan for Salinity and Water Quality, did not have an
adequate monitoring and evaluation framework (Australian National Audit Office 2001). To
ensure environmental outcomes are achieved, future programs will need to integrate
appropriate and cost effective monitoring and enforcement.
Specific guidelines for monitoring and enforcement of payment for outcomes have been
developed internationally. According to these guidelines, monitoring and enforcement of
payment for outcomes must recognise: (i) the type of environmental service and its underlying
production process; (ii) the extent to which the environmental service can be freely observed or
measured; (iii) the extent to which activities of the resource managers who provide the
environmental service can be freely observed; and finally (iv) the deterministic or stochastic
nature of production processes (Meijerink 2008 pg 78). Suitable techniques for analysing
conservation organisations’ returns on monitoring and enforcement investment are discussed
in the follow section.

3.6 Policy design analysis methods
The analysis of alternative environmental incentive mechanisms needs to be done in two
stages, entailing firstly the choice of incentive mechanism and secondly the details of its
design. The following section describes methods for ex-ante analysis of incentive design.
Research into dynamic decision making (such as required by environmental policy) covers a
wide variety of methodologies and approaches (Busemeyer and Pleskac 2009). Methods
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discussed below, selected for their relevance and applicability to analysis of payment-foractions and payment-for-outcomes contract design, are: (1) Markov-chain decision processes;
(2) principal-agent modelling; and (3) game theory. The three methods can be distinguished
based on their estimation of the relationships between the landholder and ecological change,
and between the landholder and the conservation organisation.
The key stages of payment-for-actions and payment-for-outcomes schemes are: (1) allocation;
(2) landholder action; (3) ecological change; and (4) assessment. The simplest contract consists
of both parties committing to a contract covering the full length of the relationship, where all
information is known ex-ante (Salanie` 2005). In reality, access to complete information is
rarely possible and a second-best solution must be found. Contract design analysis focuses on
the role of information in the contracting process.
Contract design covers the three elements of the economics of information, these being
information signalling, adverse selection, and moral hazard. Adverse selection and moral
hazard are both examples of asymmetric information, where both parties to the contract do
not have access to the same information (Macho-Sadler and Perez-Castrillo 1997; Salanie`
2005). These categories are based on both the information held by each party and who offers
the contract. Applied to environmental conservation, the conservation organisation offers the
contract in situations of adverse selection and moral hazard, whereas in signalling models the
landholder sets the contract terms and offers the contract to the conservation organisation.
Adverse selection and moral hazard models are therefore relevant to payment for outcomes,
but not signalling.
In an environmental conservation context, adverse selection refers to information the
landholder possess about their property and associated costs, which are unobservable by the
conservation organisation. Adverse selection leads to information rents by the landholder
(Ferraro 2008), where extra money is extracted from the conservation organisation in excess
of landholder expenses. For instance, if a landholder realises the organisation doesn’t know
how much something costs, they can ask for a payment that is above what they would really
be willing to accept. The difference between the acceptable price and what they ask for is the
rent. Adverse selection and information rents inhibit conservation organisations’ ability to
select the most cost-effective contracts, and hence their capacity to achieve the maximum
environmental conservation outcomes.
There are three ways for an conservation organisation to attempt to overcome adverse
selection in payment-for-actions and payment-for-outcomes contracts (Ferraro 2008). The first
is to acquire information on landholder attributes that are correlated with their production
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costs, and use this information to indirectly infer landholder expenses. The second is to offer a
menu of contracts where each landholder selects a contract that is uniquely attractive in light
of their production costs. Finally, the organisation could offer the contracts via an auction
system.
Moral hazard describes when the conservation organisation is unable to observe the
landholder’s actions, and subsequent these actions cannot be contracted for (Laffont and
Martimort 2002). It would be profitable for the landholders enter a contract and not comply
with the contract, as the conservation organisation is unable to observe their actions they
would still receive the payment but not incur the labour cost. The conservation organisation
may not be able to observe the landholders actions due to characteristics of the situation or
the high cost of monitoring all contracts. Moral hazard potentially leads to non-compliance,
and subsequently to slippage from the theoretical environmental outcomes. Moral hazard can
potentially be overcome through monitoring and enforcement, discussed in the previous
section.
Contracts for actions or outcomes with upfront payments are exposed to both adverse
selection and moral hazard issues. This is because the conservation organisation may be
uninformed about the landholder’s costs of producing environmental services, as well as
whether the work is subsequently done. Payment at the end of the contract also has adverse
selection issues, as the conservation organisation is uninformed about the landholder’s costs.
End-of-contract payments can, however, avoid moral hazard problems if the organisation is
able to observe the environmental outcomes provided. Unfortunately, in reality observation of
environmental outcomes provided by landholders may be costly, inaccurate, or incomplete,
exposing the contract once again to moral hazard.
Conservation organisations can use analytical techniques to determine optimal contracting
decisions for different contract designs, and therefore minimise the impacts of adverse
selection and moral hazard. Analytical techniques can consider environmental outcomes
(Markov-chain decision processes), environmental outcomes given landholder objectives
(principal-agent modelling), or the interaction of environmental outcomes and landholder
objectives (game theory).

3.6.1 Markov-chain decision processes
Markov-chain decision process analysis is a technique which can be used by conservation
organisations to investigate the issue of adverse selection, by placing a value on information
collected about the landholder or their land prior to contracting. It can also be used to
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examine moral hazard by placing a value on accurate assessment and enforcement at the
completion of contracts.
Markov-chain decision processes determine the optimal sequence of actions to maximise the
net present value of their outcomes. The outcomes are modelled as stochastic processes,
represented as a matrix of the probability of transition from the present state to the next or
final state, with each decision option or action represented by a unique matrix. The outcome
of the various combinations of alternative decisions and its net cost or benefit is calculated
over time and the optimal sequence of decisions determined (Bellman 1957). The impact of
adverse selection and moral hazard is incorporated into the probability matrix and decision
options. Markov-chain decision processes are particularly popular in medical science (Briggs
and Sculpher 1998) and forest management (Taylor et al. 2009).
In ecology, Markov chains have been used to represent vegetation successions (Barber 1978;
Usher 1979). This application has facilitated the development of methods for estimating
transition probabilities from observations of the states of a system through time (Anderson
and Goodman 1957). Recently, ecologists have used Markov chains to represent the stability
of a heterogeneous ecosystem over time as well as space (Li 1995). More recent advances in
the methodology have enabled the analysis of succession within various ecosystem types
(Logofet and Lesnaya 2000; Logofet and Korotkov 2002; Plotnick and Gardner 2002; Tucker
and Anand 2005), from grasslands (Balzter 2000; Somodi et al. 2004) to forests (Korotkov et al.
2001; Yemshanov and Perera 2002) and marine communities (Liu et al. 2006).
The basic model of decision making based on Markov-chains has been extended to a model
where the decision makers do not know the current state, and can engage in potentially costly
and imperfect monitoring. Such models are known as partially observable Markov-chain
decision processes (POMDP) (Smallwood and Sondik 1973; Puterman 1994; Cassandra 1998;
Kaelbling et al. 1998). Summaries of early POMDP analysis (Monahan 1982) , as well as more
recent reviews (Cassandra 1998) highlight its growing popularity in management and science.
Traditionally used in artificial intelligence applications, POMDP is now being promoted in the
behavioural sciences (Littman 2009). POMDP is currently also receiving increasing attention for
its potential to analyse environmental issues. This application of POMDP is very promising, as it
models the environment as a set of states and transitions and can incorporate costly and
imperfect monitoring into the model.
Extensions to the Markov-chain decision process method within environmental conservation
have included combining it with other modelling methods for more accurate simulation of
forest growth (Picard et al. 2002), and matching forest and decision timeframes or horizons in
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Markov decision processes (Hopp 1989). Theoretical extensions include incorporating
uncertainty of the terminal payoffs (White 1995), combining Markov-chain decision processes
with linear programming techniques (Yost and Washburn 2000), as well as using delayed state
observation and noise (Bander and White III 1999).
The effects of imprecise parameters on POMDP is also yet to be fully investigated (Itoh and
Nakamura 2007). This is of particular relevance to environmental conservation applications,
which are characterised by both imprecise parameters and partially observable processes. An
application of POMDP to payment-for-actions and payment-for-outcomes contracts is
demonstrated in Chapter 8, with POMDP methodology and techniques for determining the
parameters for a Western Australian context discussed in Chapter 7.

3.6.2 Principal-agent modelling
Principal-agent modelling determines the optimal behaviour of the conservation organisation
(principal) given their own objectives and constraints and those of the landholder (agent). The
primary methodology for contract design analysis of principal-agent modelling is based on a
description of the contracting process between two parties, one who offers the contract
(principal) and one who accepts or declines the offer (agent) (Stiglitz 1974; Laffont and Tirole
1993; Bolton and Dewatripont 2005). Principal-agent modelling is able to explicitly describe
the adverse selection, moral hazard and signalling elements of the contracting process.
Principal-agent modelling has been applied in the area of mitigation banks (offsets required for
environmentally degrading development), in particular to analyse the required accuracy of
assessment (Hallwood 2007). Another successful application is its use in pollution abatement,
where a range of emissions taxes and investment subsidies induce self-selection (Arguedas and
van Soest 2009) and confer benefits to self-reporting (Evans et al. 2009). Principal-agent
modelling also continues to be applied to situations of share cropping (Ackerberg and Botticini
2002; Pandey 2004).
Analysis of payment for outcomes using a principal-agent approach began with Choe and
Fraser’s (1999) work on agri-environmental schemes in the United Kingdom. Subsequently, a
number of papers have used principal-agent modelling to explore the issues of adverse
selection and/or moral hazard. Some papers determined the implications of only adverse
selection on agri-environmental schemes (Spulber 1988; Chambers 1992; Bourgeon et al.
1995; Wu and Babcock 1996; Latacz-Lohmann and Van der Hamsvoort 1997; Moxey et al.
1999). Others have exclusively analysed the impact of moral hazard (Choe and Fraser 1998;
Latacz-Lohmann 1998; Choe and Fraser 1999; Ozanne et al. 2001; Fraser 2002), whilst some
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researchers examined adverse selection and moral hazard together (White 2002; White 2007;
Ozanne and White 2008). The latter combined approach allows conservation organisations to
offer a menu of contracts, where the landholder self-selects the optimal contract for their
specific production cost and propensity to comply.
Overcoming moral hazard and ensuring landholder compliance with the contract is primarily
done through monitoring, enforcement and penalties such as fines. Principal-agent models of
agri-environmental schemes have incorporated monitoring and fines (Ozanne et al. 2001) or
flawed monitoring (Fraser 2004; Hart and Latacz-Lohmann 2005; Ozanne and White 2008).
Imperfect monitoring can be due to the conservation organisation not being able to monitor
all contracts, or difficulties accessing the site or inaccuracies in the assessment technique.
In general, previous studies of payment for outcomes have two key limitations, namely the
nature of monitoring and the nature of the goods contracted. Previous research implicitly
assumed monitoring was perfectly accurate and costless. Compliance of the landholder with
the contract cannot always be observed or verified by the conservation organisation.
Modelling and analysis of monitoring has also overlooked the more subjective nature of
conservation actions or environmental outcomes compared with agricultural processes. An
extension of the principal-agent model to include imperfect and costly monitoring is given in
Chapter 9, with an empirical application to Western Australia in Chapter 10.

3.6.3 Game theory
Game theory analyses the strategies and outcomes of multi-party decision making. Game
theory is particularly suited to analysing adverse selection and moral hazard problems, as it
determines the optimal decision for an individual based on the information each party holds. If
the game is repeated and players are able to gain a reputation, then the game’s outcome can
dramatically alter (Mailath and Samuelson 2006; Botelho et al. 2009). The primary references
for game theory equilibrium is Nash (1951), and it is now widely used and applied in economic
analysis (Fudenberg and Tirole 1991; Gibbons 1992). In environmental conservation policy,
game theory is predominantly used in situations of shared resources, such as the tragedy of
the commons (Ostrom 2006; Blanco et al. 2009); international politics, for example multilateral environmental agreements (Rehdanz and Tol 2005); or regulation, such as for pollution
control (Heyes and Maxwell 2004).
Game-theory studies of monitoring and enforcement of environmental regulations are based
on taxation control and compliance models (Greenberg 1984). Monitoring can deter future
violations, although the effect may be minimal in some situations (Eckert 2004). Games have
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also shown that for the enforcement of environmental regulations, penalties are more
effective in reducing violations than accuracy of inspection or rewards for compliance (Fang et
al. 1997). This is probably because self-reporting and limited liability allow individuals to be
less diligent in their compliance with regulations (Fukuyama et al. 2000). In such cases of
incomplete enforcement, regulations based on either the economic cost or the physical
quantity of environmental outcomes are equally efficient, as long as the benefit and cost
functions are known with certainty (Montero 2002).
Specific environmental problems modelled using games include how to simultaneously
manage both the quantity of water used as well as its quality (Sarker et al. 2008), and how to
encourage landholders to engage in forestation rather than deforestation (Rodrigues et al.
2009). Game theory has also been used to analyse output (or export subsidies) for agricultural
producers. Costly and imperfect enforcement was found to reduce the efficiency of the
scheme (Giannakas and Fulton 2000; Giannakas and Fulton 2002; Giannakas 2003). Game
theory analysis of the effects of monitoring and enforcement on environmental conservation
programs remains to be explored.
Evolutionary game theory is of particular relevance to environmental conservation decisions,
as it captures how payoffs depend on players' own actions and the actions of the co-players in
a population. In this type of game, strategies with high payoffs spread through learning,
imitation, or other forms of cultural evolution (Friedman 1991). These types of theoretical
games can be tested and examined for usefulness in real world situations, through role playing
games and experimental economics. A conceptual framework has been developed for
designing games to support various elements of environmental conservation policy
development, including role playing games (Bots and Daalen 2007).

3.7 Summary
A wide variety of policy options are available to conservation organisations, ranging from
providing information through extension, researching and developing new solutions, to
payment for action and payment for environmental outcomes. Each policy option is suited to a
certain situation. Most policy mechanisms rely on monitoring and evaluation to achieve their
goals. Incentives particularly rely upon on the conservation organisation being able to
accurately monitor and enforce the law or contract. Incentives can only link the conservation
organisation’s goals and the landholder’s behaviour with effective monitoring and evaluation.
The high cost of monitoring and enforcement actions needs be considered when deciding
whether to invest in environmental outcomes using payment for actions or payment for
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outcomes. Much research remains to be done. In particular, further analysis of the interplay
between monitoring and enforcement accuracy and cost, landholder compliance, and
environmental outcomes is crucial.
Analysis techniques appropriate to the design of payment for outcomes can give insights into
the trade-off between monitoring cost and accuracy, environmental outcomes, and landholder
payments. Markov-chain decision processes can determine the optimal contracting and
monitoring options for the conservation organisation, with ‘optimal’ defined as the option
which maximises the environmental outcomes of known landholder behaviour. Principal-agent
modelling can determine the optimal landholder payment and monitoring investment, given
the constraints of landholder behaviour. In a slightly different approach, game theory
examines the optimal landholder payment and monitoring decision for both the conservation
organisation and landholder, given their respective possible behaviours.
The following chapter examines the issues of assessing the environment and environmental
services. The thesis goes on to explore the analysis of investment in monitoring and
assessment for decision making.
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Chapter 4.

Environmental assessment and

information economics
4.1 Introduction
Effective environmental conservation policy relies on accurate and timely assessment of the
current environment, the services and benefits it provides, and it’s likely condition in the
future given various interventions. Current policy is seen as insufficient to maintain existing
environmental services (Chapman 2007). In Australia, our needs for environmental services are
not being met by the existing system of government reserves and limited voluntary private
landholder work (Figgis 2004). Conservation contracts pay private landholders to undertake
actions linked to environmental outcomes or to provide outcomes. Payment-for-actions and
payment-for-outcomes contracts are seen as an appropriate way for a conservation
organisation to obtain environmental outcomes.
Payment-for-actions and payment-for-outcomes contracts are heavily reliant on assessment of
the environment and environmental services which is necessary to determine whether and
potentially how much landholders should be paid. This chapter brings together the literature
on environmental assessment and prediction. Consideration is also given to the economic
analysis of environmental assessment, uncertainty, and information for improved decision
making. Some key recent findings (both globally and in Australia) are presented, followed by a
summary of the literature on assessing and modelling native environmental or ecological
systems. The incorporation of environmental assessment findings into conservation policy is
then discussed. Finally, in the context of payment-for-actions and payment-for-outcomes
contracts, the economic analysis of uncertainty in monitoring and assessment, and the value of
information, are explored.

4.2 Environmental and ecosystem assessment
There has been a strong call for environmental conservation policy and investment to rely
more on evidence to underpin decision making (Sutherland et al. 2004), and also to provide
evidence of its achievements (Pullin and Knight 2009). Within conservation programs
specifically there has also been a call for greater use of assessment and evaluation of
environmental outcomes (Engel et al. 2008). In-depth assessment has not previously featured
strongly in environmental conservation policy or programs, leading to an inability to make
well-informed decisions.

Environmental science defines assessment as the systematic
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measurement of environmental variables and processes, while monitoring is defined as a
program of assessment repeated over an extended time period, in order to determine
environmental status or trends (Busch and Trexler 2003; Spellerberg 2005). Assessment may
be conducted at several phases of an environmental program or project: implementation,
effectiveness, and validation (Busch and Trexler 2003). In this thesis the terms assessment and
monitoring are used interchangeably following a more economic approach where monitoring
is measuring compliance of the landholder with the contract, and assessment is measuring
compliance plus enforcement of the contract.
The starting point for any environmental or ecological assessment involves determining the
objective or desired final outcome of the assessment. To be cost-effective, assessment needs
to generate information that can usefully be incorporated into decision making. Resulting
information must therefore be in a format which is accessible to decision makers. In the case
of an ecosystem, this means information from assessment must be in a form useful to the
design, implementation and evaluation of environmental policy. In this context, understanding
an ecosystem primarily involves defining the current ecosystem, and how it changes over
space and time in response to various environmental conservation policies.

4.2.1 Defining the environment and ecosystem
In this thesis, the environment is seen as the total biological, physical and social surroundings
of an item. The natural environment consists of the living and nonliving surroundings apart
from those due to human intervention. The ecological system is the interdependent physical
and living elements that share the same environment, including humans. Assessment can be
focused on measuring these physical and living elements and interactions of an ecosystem.
However, this simplistic approach is somewhat limited in policy relevance compared to the
services, functions and benefits that an ecosystem provides (Chapman 2008). The most
popular definition of environmental services is simply the benefits people obtain from
ecosystems (Millennium Ecosystem Assessment 2005 pg 1). Figure 4-1 summarises the
definitions and relationships of the Earth’s ecosystem, environmental services and human well
being (Millennium Ecosystem Assessment 2005). Environmental services are categorised as
being provisioning, regulating, cultural or supporting.
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Figure 4-1 Millennium Ecosystem Assessment conceptual framework
ramework of interactions between
biodiversity, environmental services, human well-being,
well
and drivers
rivers of change (Millennium
Ecosystem Assessment 2005).
2005)

The simplicity of the Millennium
Millennium Ecosystem Assessment definition leads to confusion over the
various elements and interactions that may or may not make up these environmental services,
and the distinction between elements, interactions, services and benefits. Consequently, more
detailed
etailed frameworks for defining these aspects of the ecosystem have been developed. Some
link human values with the environmental services required, and the processes and assets that
need to be managed to ensure their delivery (Wallace 2007).. Others argue that a broad, vague
definition is preferred, as environmental services are essentially too difficult to pin down
(Costanza 2008).. A standardised definition would ideally enable comparable accounting of
environmental services across regions, including a measure of Green GDP (Gross Domestic
Product) (Boyd and Banzhaf 2007).
2007). A standard definition is not possible, however, as the
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description of an environmental service depends both on characteristics of the ecosystem, and
the decision making that the definition is to be used in (Fisher et al. 2009). For a more
extensive review of the development of the definition and framework for environmental
services see Fisher (2009) (with reference to ecology) or Patterson and Coelho (2009) (with
reference to economics).

4.2.2 Recent assessment findings
The state of the Earth’s ecosystems has been assessed at a variety of scales, from global and
regional right down to the level of individual species and their genes. Global studies of note are
the Millennium Ecosystem Assessment (conducted by the World Health Organisation)
(Millennium Ecosystem Assessment 2005), and the Intergovernmental Panel on Climate
Change Assessment Reports (of the World Meteorological Organization (WMO) and United
Nations Environment Programme (UNEP) (IPCC) (IPCC 2007). The MA and IPCC assessments
included projections of future ecosystem and human well-being, based on policy and
environmental scenarios.
Environmental services have been a low priority for ecosystem assessments, with a strong
focus on biodiversity patterns instead (Balvanera et al. 2001; Egoh et al. 2007). There has been
a substantial and largely irreversible loss in the diversity of life on Earth due to human activity
over the past 50 years. Human activity has been rapidly and extensively changing ecosystems
and contributing to climate change (Millennium Ecosystem Assessment 2005; IPCC 2007).
Ecosystem changes have provided substantial net gains in human well-being and economic
development. Unfortunately, these gains have degraded many environmental services and
may diminish the welfare of future generations. The degradation of environmental services
may increase significantly in the first half of this century, as changes to policies, institutions,
and practices which have the potential to avoid and reverse environmental degradation are
not yet underway. Once fully implemented, current and projected adaptations and
technologies are predicted to have the potential to overcome present barriers, limitations and
costs, and provide a stable level of environmental services (OECD 2008).
Australia is recognised internationally as having unique ecosystems and biodiversity worthy of
preservation. It is also seen as having significant ecosystem degradation and loss of species
(Aust State of the Envir Comm 2001). Policies adopted to date have had little impact on the
rate of decline in the quality of the ecosystem (refer to Chapter 2 for a summary). However, it
is not possible to give a comprehensive national picture of the state of Australia’s environment
due to the lack of accurate, nationally consistent environmental assessment (Beeton et al.
2006). It seems clear, however, that Australian environmental conservation policy needs to
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strengthen the enforcement of environmental regulations, expand the use of economic
instruments, and increase the use of cost-effectiveness performance assessments (OECD
2007).
While general ecosystem information is available, strategic decision making for environmental
services is still hampered by more specific information gaps (Fisher et al. 2009). In particular,
information gaps exist for: (1) developing the science of ecosystem functions and services into
principles for management that are consistent with the unavoidable uncertainty of the
ecosystem; (2) a process for the design, selection and integration of finance, policy, and
governance systems given current policies and programs; and (3) integration of social sciences
(including economics) with bio-physical sciences to facilitate implementation of policies in
diverse biophysical and social contexts (particularly as policy extends beyond reserves and into
human-occupied landscapes) (Daily and Matson 2008; Heller and Zavaleta 2009).

4.2.3 Modelling the ecosystem
Modelling translates raw information from ecosystem assessment into indicators,
understanding, and predictions that can be useful for decision making about environmental
conservation policy design and implementation (DeAngelis et al. 2003). Ecologists have
developed many models for ecosystem functions and processes. One key assumption that
varies between different models is whether ecosystem states are continuous or stable.
Continuous-state ecosystem modelling measures ecosystems using variables like biomass, with
the different phases or states of the ecosystem designated as points on a continuum (Figure
4-2). Alternatively, an ecosystem can be viewed as having distinct stable states with unique
attributes, such as the presence or absence of particular species (Figure 4-3). The two
viewpoints embody differing ideas of how an ecosystem changes. Ecosystem change is
respectively seen as a slow and gradual process over time or a discrete and sudden shift to
another stable state requiring a disturbance by an action or event. This has implications for
environmental conservation policy design, as planning restoration and conservation as a
succession of stable states requires overcoming constraints, rather than working through
incremental changes (as would be appropriate for continuous state systems) (Suding et al.
2004).
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Figure 4-2 An example of ecological change measured as a continuous state and possible
actions contributing to change along the continuum.
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Figure 4-3 An example of ecological change through stable states and possible actions leading
to change between states (based on Yates and Hobbs 1997).

Ecosystem stability is often a key objective of environmental conservation policy. The concept
of system stability is common to the social, natural and physical sciences. Across these
disciplines, stability is defined as having essentially two characteristics, these being constancy
and resilience (Hansson and Helgesson 2003). A constant state’s situation and attributes
remain the same if there is no disturbance, while a resilient state remains the same (or at least
recovers back to the same state) following disturbance. The concept of stable states is
illustrated in Figure 4-4. The ecosystem is stable until there is a change in either its own
characteristics/variables, such as the genetics of a species, or the parameters that describe the
relationship between its variables, such as temperature. For example, fish-stock stability could
be compromised by a change in reproductive rates (variable change), or by overfishing
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(parameter change). Either way, the result is a shift to a new stable state, featuring a reduced
fish population.

Original state

Change in variable

Change in parameter

New state

Figure 4-4 An illustration of an ecosystem shifting from one stable state to another due to a
change in the ecosystem variables or the parameters governing the relationship between the
ecosystem variables (based on Beisner et al. 2003).
The collapse and recovery of an ecosystem between stable states can also follow different
paths. Possible paths of collapse and recovery for a variable and parameter change in the
ecosystem are illustrated in Figure 4-5. The path on the left of Figure 4-5 shows a change in a
variable, such as the genetics of a species, and the path on the right a parameter, such as
temperature. Different management efforts may be required for regaining or maintaining a
stable state. For example, in addition to being precipitated by exploitation or restoration,
succession of vegetation between vegetation classes can occur spontaneously (Prach and
Hobbs 2008). The model depicted in Figure 4-5 shows how the path for recovery can be
different to that of collapse. Management to avoid collapse can be more efficient than
management for recovery, as management for recovery can be more resource-intensive than
that required to stop collapse
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Change in variable

Change in parameter

Ecosystem change

Ecosystem state

Ecosystem state

Figure 4-5 Illustration of path of change in ecosystem state for change in ecosytstem variable(s)
or parameter(s), black original values, white new values, grey potential for return to original
values (based on Scheffer et al. 2001; based on Suding et al. 2004).

A goal of restoring the ecosystem to a historical state, such as prior to European settlement in
the case of Australia, means returning to the original ecosystem state after a change to a new
state. An alternative goal may be to establish a new stable state that provides sufficient (if not
equivalent) environmental services. In choosing between these goals, one must determine
whether the new state is a stable state, whether removing the constraints would be sufficient
to return the ecosystem to the original state, and whether the ecosystem variables have
changed sufficiently for the original state to not be stable any longer. Ecosystem assessment
and modelling can help with this determination. For example, modelling may be able to
identify changes of state before they occur by analysing trends (Guttal and Jayaprakash 2008)
and the speed of recovery from perturbations (Nes and Scheffer 2007).
Methods for modelling and predicting ecosystem change include extrapolation, experiments,
phenomenological models, game-theory population models, expert opinion, outcome-driven
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modelling, and scenarios (Sutherland 2006). Accurate modelling requires investment in
baseline information to identify unusual or unpredicted characteristics or processes. Without
this initial investment, flawed policy may be based on incorrect information (Lee 1999).

4.2.4 Scale
The scale of assessment and modelling of an ecosystem is critical to its usefulness in
environmental decision making (Hein et al. 2006). Scale refers to the spatial, temporal,
quantitative, or analytical dimensions used to measure and study any phenomenon. Units of
analysis within a scale are known as levels. For example, if considering a regional scale, levels
would include kilometres, hectares, 1000s of people, and gigalitres of water, while if
considering a farm based scale, levels would include metres, people, and megalitres of water.
Extent refers to the size of the spatial, temporal, quantitative, or analytical dimensions of a
scale (Gibson et al. 2000). Figure 4-6 shows how the scale of the area being considered
determines the level and extent of information required on the composition, structure and
function of the ecosystem (Dale and Beyeler 2001). The concepts of scale and dimensions
apply to instructional arrangements, such as policy and government, as well as the ecosystem
itself, building from genetics, to organisms, and the global environment (Lewontin 2000;
Schmitz 2005; Cash et al. 2006).
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Figure 4-6 The ecological hierarchy: a triangular representation of the key characteristics of
composition, structure and function (Dale and Beyeler 2001) (derived from Franklin 1988 and
Noss 1990).

When designing ecosystem assessment, the specific aspects of the ecosystem requiring
consideration depend on the goals and objectives of the environmental policy. For example,
biodiversity assessment requires consideration of both within-habitat and between-habitat
diversity (Magurran 1988). Information on biodiversity can be compiled into an index at a
genetic or even landscape scale; for example ‘Shannon’s SH’ is an index used for measuring
genetic variability (Sherwin et al. 2006). The indeterminacy and sustainability of the ecosystem
as a whole can be incorporated using Fisher information, an index which measures the stability
of a system as a function of its variability (Cabezas and Fath 2002; Rico-Ramirez et al. 2008).

4.2.5 Indicators
The efficiency and responsiveness of assessment and decision making can be improved by
assessing a subset of the ecosystem. The assessment can focus on indicator, keystone,
ecological engineer, umbrella, link or special interest species (Dale and Beyeler 2001). The use
of each species type has specific benefits and costs. For example, a special interest or icon
species may motivate politicians and the community to increase habitat preservation. The
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preserved habitat then benefits many other species. The use of indicator species is often
promoted, as they can give an overall representation of the ecosystem health, even when
assessment resources are limited.
Indicator species are used as surrogates or representatives of the state of an entire ecosystem.
This is necessary, as it is impossible to measure and incorporate an ecosystem’s entire range of
species and locations into management decisions. The three main ecological characteristics of
a good indicator are correlation, causation and a direct response between the environmental
variables at all levels and the indicator species (Goodsell et al. 2009). The indicator must also
be measurable by an available assessment system and understood by policy makers (Dale and
Beyeler 2001; Millennium Ecosystem Assessment 2005). Problems with indicators do occur,
particularly when the individual species becomes specifically managed rather than the
landscape. In this case, the species is no longer an indicator of the ecosystem overall
(Simberloff 1998). The main problems with ecological indicators are: (1) relying on a small
number of indicators misses the full complexity of the ecological system; (2) the choice of
indicators is confounded by vague long-term goals and objectives; and (3) a lack of scientific
rigour due to poor protocols for identifying indicators (Dale and Beyeler 2001).

4.2.6 Improving assessment
Accurate and useful assessment is very resource intensive and its design requires careful
consideration. Effective environmental management requires that the assessment and
monitoring system itself is also sustainable (Watson and Novelly 2004). This is further
complicated by the need to incorporate social and economic indicators into the ecological
assessment. These indicators help to capture the full picture and provide policy relevance
(Pannell and Schilizzi 1999). The use of social and economics assessment faces similar
considerations and issues as outlined for ecosystem assessment (Hein et al. 2006). The finite
resources available for environmental policy means that tradeoffs must be made, for instance
between spatial and temporal quality of assessment (Fourqurean and Rutten 2003).
Ultimately the usefulness of ecosystem assessment is dependent on its cost-effective
integration into the larger environmental conservation decision making process. There are
several key issues which need to be addressed in order to improve assessment and
monitoring. and its integration into environmental policy design and decisions. Specific areas
include scale (reporting and inference), cost-effectiveness and efficiency, surrogacy and
usefulness, power of the message, stage or readiness, applicability to different tenures and
environments, and sensitivity (time and thresholds) (Smyth et al. 2004).
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Guidelines have been developed to assist with assessment and its integration into decision
making (Lovett et al. 2007). Guidelines specify that assessment and monitoring need to have
goals, institutional flexibility, and quality personnel. Additionally, a trade-off between
consistent long term tracking of variables and the capacity to respond flexibly to change must
be made (Ringold et al. 2003). In Australia, there is a push for standardisation of assessment
through the National Natural Resource Management Monitoring and Evaluation Framework
(Parkes and Lyon 2006). The Framework is partly based on the Victorian Government’s
Department of Sustainability and Environment requirement that native vegetation assessment
should:
1. Provide an objective assessment of quality that is both reliable and repeatable.
2. Measure the degree of ‘naturalness’ as a contribution to broader conservation value
assessments.
3. Indicate the direction and amount of potential improvement for lower quality sites.
4. Allow comparison between different vegetation types.
5. Combine quality and quantity assessments.
6. Enable calculation of net outcomes, either for trade-off/offset scenarios or for measuring
overall performance of policies and program.
7. Be undertaken rapidly by a range of natural resource managers (i.e. not just botanical
ecologists).
8. Present a simple and robust message to land managers about the important components
of native vegetation and its management. (Parkes et al. 2003)

Recent developments in satellite technology and global information systems have allowed
more accurate incorporation of spatial information (specifically the distribution of ecosystems)
into environmental conservation decisions (Naidoo et al. 2008). Remote sensing is particularly
suited for the quantification of assessment, as it allows systematic monitoring of responses
over large areas, and overcomes the lack of comparison sites necessary for assessing
treatments such as environmental conservation activities (Malmstrom et al. 2009).
Significantly, the quality of remote sensing can now match the quality of field assessment
(Ludwig et al. 2004), allowing the two techniques to be incorporated together (Esteve et al.
1998). The integration of spatial information from different fields, including ecology,
economics, and social disciplines, assists environmental conservation decision making and
improves the efficiency of resource allocation (Bateman et al. 2003; Naidoo et al. 2006; Klein
et al. 2009). Recently, sequences of remote sensing images have been used for ecosystem
assessment of both Californian and Australian rangelands (Wallace et al. 2006; Malmstrom et
al. 2009).
Ecological informatics is an interdisciplinary framework promoting the use of advanced
computational technology for management, analysis, and synthesis of ecological data, at and
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between all levels of ecosystems (Chon and Park 2006; Recknagel et al. 2008). For instance,
ecological informatics uses machine learning techniques such as artificial neural networks to
understand ecosystems and their responses to change (Chon and Park 2006). The complexity
and non-linear nature of ecosystems lends itself to this intense examination. Particularly
popular is the use of self-organising maps to represent spatial patterns (Park and Chon 2007).
Managing the information produced by assessment, and ensuring its quality, has its own set of
issues. These include the defensibility of gathered data, limited data access between parties,
limited usefulness of data, data entropy due to limited reporting and use of metadata, and
insufficient budgeting for timeframe of data management and storage (Palmer 2003). There
are also issues specific to data collected via remote sensing. The data must be of sufficient
quality to distinguish variation due to management efforts from natural spatial or temporal
variation. Managing the trade-off between efficiency and accuracy when covering large areas
can also be problematic. Furthermore, generalisation can be complicated by the complex
interactions between vegetation, climatic, and management factors (Bastin and Ludwig 2006).
Ultimately, the use of poor quality data can delay detection of trends by up to three decades
(Sulkava et al. 2007).

4.3 Incorporation of assessment into management
Ecosystem assessments to date have provided large quantities of information on the historical,
current, and projected states of ecosystem health. This large quantity of information has not
been effectively integrated into either policy or the evaluation of policy impacts (Ferraro and
Pattanayak 2006). This lack of systematic evaluation and integration has motivated calls for
evidence-based environmental conservation and needs-led research in environmental
conservation (Stewart et al. 2005). More comprehensive models, which consider ecology as
part of a social system, are starting to evolve. So, as well as the analytical study of ecology,
ecologists are now also required to integrate diverse information from a variety of other
disciplines in order to be useful for policy development and decision making (Robertson and
Hull 2001). Public ecology is one example of this more comprehensive approach. Public
ecology requires science to be produced in collaboration with a wide variety of stakeholders in
order to construct a body of knowledge that will reflect the pluralist and pragmatic context of
its use (decision context), while continuing to maintain the rigor and accountability of scientific
knowledge (Robertson and Hull 2003 pg 400).
The main approaches for integrating ecosystem assessment findings into environmental
conservation policy are resilience and adaptive co-management. Resilience describes the
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change within an ecosystem or socio-ecological system. Adaptive management details how
management can work effectively in complex adaptive systems, where complex adaptive
systems describe the ecosystem or socio-ecological system. Comparisons of the research
techniques are not straightforward, as the selection of the best method will depend on the
available time, budget and equipment, and human resources (Franco et al. 2007).

4.3.1 Resilience
The concept of resilience began with Holling (1973) and Pimm (1984). Holling (1973) modelled
ecosystem resilience as the size of the disturbance required to move an ecosystem from its
current state into another. Pimm (1984) focused on engineering resilience, or the speed of
return of an ecosystem to the stable state after disturbance. The ecosystem phases of
resilience are summarised in the now commonly recognised diagrams shown in Figure 4-7
(Holling 1986; Gunderson and Holling 2002). This resilience model is useful to environmental
conservation policy as it illustrates how dramatic ecosystem change can occur through minor
changes in ecosystem elements (Scheffer et al. 2001). This leads to a different management
approach, focused on maintaining ecosystem resilience to changes in ‘small variables’; that is,
variables which may not usually be viewed as significant (Scheffer et al. 2001). For instance, by
removing diversity, emitting waste and pollutants, and altering ecosystem disturbances,
people are reducing ecosystem resilience. This in turn is increasing the likelihood of adverse
ecosystem shifts (Folke et al. 2004).
Terminology is a tricky issue within this literature as it covers ecological and social sciences, as
well as economics (Gunderson and Holling 2002). This discussion defines resilience as the
capacity of a system to absorb disturbance and reorganize while undergoing change so as to
still retain essentially the same function, structure, identity, and feedbacks (Walker et al. 2004
pg 2). Resilience is made up of four elements, namely latitude, resistance, precariousness, and
panarchy (Walker et al. 2004). Respectively they capture the amount a system can change,
how easy it is to change, how close to the limit or threshold of change it is and its interaction
with states at other scales (Walker et al. 2004). Inconsistency in the definition and assessment
of resilience has been an obstacle to its use in environmental conservation (Gibbs 2009).
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Figure 4-7 The adaptive cycle: temporal changes in a system proceed through phases of growth
(r), conservation (K),
), release (Ω),
(
and reorganization (α) (Holling 1986; Gunderson and Holling
2002).

ve cycle is used to model resilience. An ecosystem is resilient if it is able to work
The adaptive
through the adaptive cycle and find a new stable state, or return to its original state following
a disturbance. The adaptive cycle consists of four phases: (1) growth and
an exploitation phase
(r); (2) conservation phase (K); (3) chaotic collapse and release phase (Ω); and (4)
reorganization phase (α). The system is reasonably predictable through the growth (r) and
conservation (K) phases. During these phases, resources become
become locked up and the system
becomes less flexible and responsive to external shocks. Eventually the system breaks-down
breaks
(Ω) and reorganises (α), in an unpredictable backloop to growth (r) (Walker et al. 2004).
Resilience theory and the adaptive cycle together make up an overarching model of an
ecosystem. The specific details and
and dynamics of an ecosystem can be modelled using
approaches such as complex adaptive systems (Hartvigsen et al. 1998).
1998) A complex adaptive
system is defined as having: (1) sustained diversity and individuality of components; (2)
localized
ed interactions among those components; and (3) an autonomous process that selects
from among those components, based on the results of local interactions (Levin 1998).
The application of resilience
esilience theory to ecological data and its use in the identification of
thresholds is limited (Groffman et al. 2006; Anderson et al. 2009).. Models of
o ecosystems have
mostly been small and simplistic (Scheffer 1998),, although examples now include shallow
lakes, woodlands, oceans, and deserts (Scheffer et al. 2001).. The resilience model has been
developed to explicitly incorporate socio-ecological
socio
factors (Carpenter et al. 2001; Folke 2006),
and spatial heterogeneity (Nes and Scheffer 2005).. The growth of resilience
resilien theory – which
was once limited to ecology and mathematics and now integrates geography and climate
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change – can be mapped through the networks of citations across disciplines (Janssen et al.
2006). For environmental conservation policy makers to utilise resilience theory in decision
making, they must overcome inexperience in scientifically managing, understanding, and
identifying resilience.

4.3.2 Adaptive co-management
Adaptive co-management is proposed as an environmental conservation policy approach with
the potential to improve ecosystem resilience and support the provision of environmental
services into the future. Adaptive co-management is the combination of adaptive and
collaborative management (Olsson et al. 2004; Plummer and Armitage 2007). Adaptive
management describes the process of scientific investigation required for evidence-based
environmental management (Holling 1978), while collaborative management describes the
sharing of power and responsibility between the government and local resource users (Berkes
1989; Berkes 2009). Adaptive management is described below, followed by its integration with
collaborative management into adaptive co-management.
The focus of adaptive management is sustainability through resilience, adaptability, and
transformability, rather than the classic focus of maximum sustainable yield (Walker et al.
2004). Resilience, in this case, is the ecosystem’s ability to maintain the same function by
reorganising to absorb disturbance. Adaptability is the capacity to influence resilience, and
transformability is the ability to create new stable systems (Walker et al. 2004).
The process of adaptive management involves: (1) developing management questions; (2)
reviewing previous management; (3) planning actions and monitoring; (4) consulting with
stakeholders and incorporating their concerns; (5) implementing actions and monitoring; (6)
analysing and using data to adapt the management plan; and (7) capturing information on
outcomes and sharing this knowledge (Reever Morghan et al. 2006; The Conservation
Measures Partnership 2007). A diagram of an alternative version of the adaptive management
process is given in Figure 4-7. There are three main types of adaptive management. Listed
according to increasing use of prior information and revision against outcomes, these are:
evolutionary or trial and error management, passive adaptive management, and active
adaptive management (Walters 1986). The appropriateness of passive or active adaptive
management is based on four criteria, namely spatial and temporal scale, uncertainty,
evaluation of costs and benefits, and institutional and stakeholder support (Gregory et al.
2006).
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Figure 4-8 The adaptive management process (Sabine et al. 2004).

Including researchers at all stages of the process is vital (Reever Morghan et al. 2006) – it is the
first step in the move towards adaptive co-management. It is argued that adaptive
management highlights the paradox of efficiency and resilience – that environmental
conservation policy cannot simultaneously work towards both efficiency and resilience (Walker
and Salt 2006). The standardisation of management to achieve efficiency potentially reduces
the flexibility to respond to change, as required for resilience.

The adaptive management focus on measuring socio-ecosystem resilience, adaptability, and
transformability leads these characteristics to be used as indicators (Carpenter et al. 2001).
Importantly, this explicitly recognises that the system does not change with intent, it simply
responds to changes made to internal variables and external parameters. The degree of
connection between people and the ecosystem, and the natural or artificial state of the
ecosystem, influence the appropriate environmental conservation policy (Janssen et al. 2006).
Examples of the use of adaptive management in environmental conservation include bird and
rangeland conservation (Anderies et al. 2002; Williams 2003; Allan and Curtis 2005). A
database of studies is being developed by the Resilience Alliance (www.resalliance.org).
69

Initially, adaptive management did not provide the benefits it potentially offered (Allan and
Curtis 2005). This was principally due to the inability to replicate the complexity of the
processes and variables governing ecosystems, as well as a lack of stakeholder engagement
(McLain and Lee 1996; Walters 1997). The barriers to using adaptive management include
logistics, communication, attitude, institution, concepts, and educational aspects (Jacobson et
al. 2006). Barriers for environmental conservation organisations specifically come from the
lack of resources for monitoring, and the inadequate inclusion of uncertainty in both policy
decisions and program planning and implementation (Walters 2007). These barriers have led
to the development of adaptive co-management, including the forging of explicit ties between
stakeholders and ecosystem management.
Adaptive co-management requires environmental conservation institutions to allow for
learning, to remain open to future development options, and to increase adaptive capacity
(Folke et al. 2002). Integrating alternative approaches to environmental conservation in a
multi-disciplinary and multi-stakeholder way can provide valuable new insights (Broderick
2008; Foxon et al. 2009; Wei et al. 2009). Environmental conservation policy needs to focus on
a range of acceptable socio-ecosystem outcomes that avoid catastrophes and irreversible
negative effects, rather than a single, optimal state. Importantly, environmental conservation
policy for multiple objectives, such as resilience and biodiversity, may not be possible (Petchey
and Gaston 2009). Whilst more expensive in the short term, the investment in adaptive comanagement and considered decision making will likely prove more efficient in the long run
(Johnson 1999).

4.4 Uncertainty in assessment and management
Ecosystem assessment findings, the resilience model, and adaptive co-management all
emphasize the high level of uncertainty in ecology, and the complexity of managing this
uncertainty (Doak et al. 2008). Uncertainty occurs in observing, modelling, and predicting the
quality and quantity of ecological change (Prato 2005; Refsgaard et al. 2007). Uncertainty is
also inherent in environmental conservation policy costs and the public value of environmental
services (Millennium Ecosystem Assessment 2005; Pindyck 2007; White et al. 2008). All of
these aspects of environmental policy and decision making are also uncertain in how they may
change through time and across space. Failure to properly account for the high uncertainty
inherent in ecosystem management can lead to ecosystem collapse (Peterson et al. 2003).
Management by trial and error is also not sufficient, as this approach is too expensive and time
consuming, and does not make efficient use of resources (Parkes et al. 2006).
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Distinctions have been made between known or objective probabilities (risk) and unknown or
subjective probabilities (uncertainty) (Knight 1921; Gilboa et al. 2008). In practice, however,
almost all probabilities related to environmental management have to be estimated
subjectively (Ray and Burgman 2006; Brouwer and De Blois 2008). The Bayesian approach,
whereby subjective probabilities are updated as new information becomes available, is a well
accepted method for handling risk and uncertainty in an adaptive management context.
The impact of uncertainty on environmental conservation policy design must be considered at
two levels, corresponding to incentive choice and incentive design. Firstly, the choice of
incentive mechanism (such as regulation, payment for actions and payment for outcomes) is
made as outlined in the previous chapter. When faced with uncertainty, payment-foroutcomes contracts is an appealing incentive for the conservation organisation as it places the
responsibility for overcoming ecological uncertainty with the landholder, rather than the
conservation organisation. This is potentially more efficient than regulation or payment-foractions contracts, as the landholder is likely to have superior knowledge of how to overcome
ecological uncertainty and produce the environmental outcomes.
Incentive design is affected by uncertainty about how individuals will respond to
environmental conservation incentives. While economically rational responses can be
modelled based on predicted outcomes, landholder responses to social considerations of the
ecological outcomes are harder to model (Higgins and Lockie 2002). For example, there is the
potential for ‘crowding out’, where philanthropic or altruistic behaviour is reduced by the
provision of payments (Reeson 2008). Strong environmental conservation and lifestyle
motivation translates into intrinsic motivation for the adoption of environmental conservation
practices for some landholders, while landholders who are more economically motivated may
require external incentives (Greiner et al. 2009).
How an individual or institution responds to an environmental conservation incentive may also
be influenced by their risk preferences. Risk preferences refer to an individual person or
institution’s choice in a fair gamble. In general, a risk adverse individual would not attempt to
increase their wealth through engaging in a fair gamble. In contrast, a risk loving individual
would engage in a fair gamble, while a risk neutral individual would be indifferent.
Theoretically, risk aversion is important to the design of payment-for-actions and payment-foroutcomes contracts, due to its impact on landholder payment preferences and decision
making (Ozanne et al. 2001). Some empirical evidence supports risk aversion as an important
part of landholder decision making (Rainey et al. 2005), while contradictory studies find other
landholder and land characteristics to be more significant (Allen and Lueck 1999; Bierlen et al.
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1999; Fukunaga and Huffman 2009). Importantly, the heterogeneity in risk aversion of people
can be greater than that of the actual risk in the environment (Cohen and Einav 2007).
When risk or environmental uncertainty is high, a more flexible or discretionary policy may be
beneficial, rather than strict rules. Flexibility enables the policy to adapt to the evolving
situation and available information (Tarui and Polasky 2005). Environmental conservation
organisations, however, may be unwilling or unable to make long-term resource commitments
to flexible policies. This further increases uncertainty for the individuals involved (Drechsler
and Wätzold 2007). When regulatory or policy uncertainty exists, individuals may not trust the
policy, and respond by becoming more involved with policy development. This increases the
individual’s strategic flexibility to respond to the evolving policy (Engau and Hoffmann).
In the Australian environmental context, examples of ecological uncertainty include the
response of vegetation to fencing (Spooner and Briggs 2008) or to the removal of grazing
(Pettit et al. 1995). Payment-for-outcomes contracts circumvent such uncertainty for the
conservation organisation, by contracting the landholder for the vegetation response, rather
than the fencing or grazing that only potentially leads to improved vegetation. Payment-foroutcomes contracts are not a guarantee that the outcomes will be realised – they simply shift
the risk from the conservation organisation to the landholder. The landholder is theoretically
able to manage it more effectively than the conservation organisation but a compensation
payment or risk premium may be required. The potential of payment for outcomes is being
tested in various programs, including EcoMarkets in Victoria (Department of Sustainability and
Environment 2008), Environmental Stewardship Scheme in New South Wales (Grieve and
Uebel 2003), and the Nest Egg program in Queensland (Gorddard et al. 2008). Details of the
EcoMarkets and Environmental Stewardship Scheme programs were given in section 3.5 of
Chapter 2.

4.5 Economics of information
The use of adaptive co-management in environmental conservation policy requires regular,
accurate measurement of ecosystem characteristics (for instance vegetation types and water
quality). It is necessary to understand the relationships between such characteristics, internally
or externally imposed changes to these characteristics, and the target outcomes. Investment
into such informed decision frameworks can be costly, with uncertain returns. Ecologists have
spent much research effort producing information on ecosystems, but little research has been
conducted into the use of this information or the return on investing in it. There has been
disagreement between ecological and economic sciences over the appropriate valuation of the
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environment and use of information (Farber et al. 2002). This is partly because the evaluation
of investment in information varies dramatically, depending on the alternative investment
objectives available (Underwood et al. 2009).
The assessment and evaluation of environmental policy is most commonly done with costeffectiveness analysis or variations on this approach (Wunder 2007). The previous chapter
gave details of various approaches for deciding between specific project or policy options from
an Australian environmental conservation viewpoint. Multiple Criteria Analysis (Hajkowicz et
al. 2008) and Investment Framework for Environmental Resources (Pannell et al. 2009) were
discussed in detail. Alternative frameworks for environmental conservation investment have
also been developed internationally. Each framework has a specific focus or use, such as
spatial analysis of investment in land acquisition or improvement (Wilson et al. 2007), or
climate change mitigation adaptation options (Prato 2008). Cost effectiveness analysis only
describes the value of alternatives using current information, without considering the value
and potential of investing in more information before making a decision. The value of
information is essentially that it resolves uncertainty about the expected outcomes of a
decision. Naturally, a change to a decision resulting in a better outcome has value.

4.5.1 Information economics
Information economics studies how information as an economic good influences decisions and
has value. Information as a good has engineering and semantic elements. Engineering
elements include the medium or channel used to communicate the information, while
semantic elements refer to the meaning understood by the sender and, hopefully, also by the
recipient (Birchler and Butler 2007). The economics approach to information is often founded
on information theory (Stigler 1961; Arrow 1962), and asymmetric information, leading to the
investigation of adverse selection (Akerlof 1970). Adverse selection can potentially be
overcome through signalling (Spence 1973) and screening (Stiglitz 2000). These approaches are
more focused on the semantics or meaning of information than the engineering or
communication channel approaches used.
Information has value prior to a decision being made. Decision makers can predict this value
by estimating the impact that resolved uncertainty will have on the decision. Estimates of the
value of information can be taken from market channels for information such as newspapers,
reports or online access (Birchler and Butler 2007), as well as from the benefits and
opportunity costs associated with obtaining information through assessment or consultation.
The cost of purchasing such information is used by the conservation manager as a proxy for
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the value of the information itself, as individuals are assumed to only buy information for a
price which is less than the benefit they receive from obtaining it in decision making.
After the outcome of the decision is realised, the true value of the information can potentially
be determined (Birchler and Butler 2007). A decision can also possibly be altered during the
decision making process, by collecting information and updating the expected outcome of the
decision. Analysis of the return on this cyclical process of investing in information and updating
the decision can determine the optimal investment in information, known as Bayesian
Decision Theory (Pannell and Glenn 2000). The valuation of information before and after a
decision relies on being able to also value the alternative decisions and resulting unobserved
outcomes.
The value of information is principally dependent on its timing, usefulness and certainty. The
relationship between the cost of acquiring information and the return from more efficient
design for environmental conservation policy in Australia has received little attention
theoretically or empirically. Principal-agent modelling and game theory analysis are methods
of valuing information to an individual based on cost: benefit analysis. Principal-agent
techniques are described in the previous chapter and applied to Western Australian
conservation contracts in Chapters 9 and 10.

4.5.2 Operations research
Operations research is the use of mathematical optimisation methods to resolve complex
management decisions. Applications of operations research for information gathering through
monitoring can be found within literature on stochastic control (Bertsekas 1978). Operations
research has been applied to a variety of environmental conservation topics including fisheries
(Fenichel et al. 2008; Arnason 2009), forestry, and emissions (López-Gamero et al. 2009), as
well as to the agricultural value chain (Higgins et al. 2009). Optimal control theory is a specific
method of operations research that minimises a cost function for a set of control variables and
constraints. The application of optimal control theory to ecosystems is somewhat limited,
however, as the system is not observable and is managed extensively rather than intensively
(Loehle 2006). Optimal control theory has been combined with Fisher information on the
stability of an ecosystem to show that bottom-up control is likely to be better at effecting state
shifts in the dynamic regimes of an ecosystem than top-down control (Shastri and Diwekar
2006).
Operations research has generally been seen as unable to address ethical issues inherent in
environmental conservation decision making, as neither the moral principles of people nor the
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interconnectedness of stakeholders and disciplines can be easily quantified (Kunsch et al.
2009). Operations research has a scientific approach that does not easily accommodate the
subjective and uncertain nature of ecological and ethical issues (Le Menestrel and Van
Wassenhove 2009). Recently there has been a push to incorporate ethics into operations
research. This has been driven by the branching of operations research into policy areas
(Wenstøp and Koppang 2009), in particular sustainable development policy (White and Lee
2009).
Operations research, and specifically control theory, has been used to model the trade-off
between the costs of obtaining information and the increased value this information gives
(Lindset et al. 2009). In agriculture, control theory has demonstrated the value of information
on soil to nitrogen application decisions (Pautsch et al. 1999). A type of optimal control theory
with particular relevance to ecosystems is partially observable Markov-chain decision
processes. This methodology was described in the previous chapters as a technique for
assessing the optimal contracting and monitoring decisions for payment-for-actions and
payment-for-outcomes contracts. An application of Markov-chain decision processes to
conservation contracts in a Western Australian context is discussed in Chapters 7 and 8.

4.6 Summary
Recent assessments of ecosystems in Australia and globally have highlighted the negative
ecological impacts that often result from improving human well-being and economic
development. Continuing with current environmental conservation policy would lead to
ongoing degradation of ecosystems and the services they provide. A sufficient and stable level
of environmental services could be achieved by current and projected adaptations and
technologies provided that policies, institutions, and practices change.
Advances in the techniques and technologies for ecosystem assessment have made such
assessment more accessible for environmental conservation policy choice and design.
Resilience theory and adaptive co-management enable environmental conservation policy to
explicitly integrate social and economic factors with ecological modelling. Satellite imagery and
global information systems further assist the integrated approach to environmental
conservation policy by illustrating the spatial distribution of costs and benefits, and by
identifying synergies and gaps across landscapes.
The application of ecological assessment to environmental conservation policy is hindered by
the complex layers of uncertainty within the assessment and prediction of environmental
outcomes. The value to environmental conservation policy decisions of resolving this
75

uncertainty through assessment and information can be evaluated with cost: benefit analysis
and operations research based on information economics. Cost: benefit analysis can determine
the return on investment in assessment, while operations research can determine the optimal
investment in assessment. The research in this thesis brings together the ecological and
economic understanding of assessment, and its value for environmental conservation policy
design under uncertainty.

76

Chapter 5.

Survey of conservation actions,

attitudes and preferences of landholders
5.1 Introduction
The significance of the eastern wheatbelt of Western Australia for agricultural production and
native woodland conservation has made it a focus of previous research. In 2003 the Auctions
for Landscape Recovery project used surveys to assess landholders’ responses to new
conservation program designs (Gole et al. 2005). The project trialled the then new use of
auctions as a tool for allocating conservation funds between competing landholders. The more
recent Auctions for Landscape Recovery Under Uncertainty project also used surveys as part of
its analysis (White et al. 2008). Analysis focused on examining the impact of the Auctions for
Landscape Recovery project, taking into account uncertainty. The focused nature of the
analysis led to limited use of the survey results. A wealth of data produced by the survey was
not analysed. This data has the potential to provide valuable information about landholders’
approaches to conservation work.
This chapter details an analysis of data from the Auctions for Landscape Recovery Under
Uncertainty project survey. A statistical analysis is presented, covering conservation work,
conservation values and costs, conservation programs, decision making, and characteristics of
the landholder and property. In Chapter 6, these statistical results are combined with remote
satellite images and data of the survey region to investigate the relationship between
landholder characteristics and conservation work completed, and the realised environmental
outcomes. This integrated approach provides insight into the relationship between landholder
characteristics and behaviour, and environmental outcomes.
In general, the analysis presented here provides information that is useful input to the design
of theoretical models of payment-for-actions and payment-for-outcomes contracts. It also
provides parameter estimates for empirical application of such models. In particular, it
highlights the potential for categorisation or targeting of landholders for conservation work. A
model of payment for environmental services based on discrete environmental states is
presented in Chapter 7, with empirical application to NEWROC in Chapter 8. Chapter 9 gives an
alternative theoretical model based on continuous environmental states, and is applied to
NEWROC in Chapter 10. These models draw heavily on insights obtained through the analysis
in this Chapter.
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5.2 Methods
Data from the Auctions for Landscape Recovery Under Uncertainty project was collected using
in-depth interviews with landholders. A third of the sixty surveyed landholders also took part
in the preceding Auctions for Landscape Recovery project. All surveyed landholders farmed
within the North Eastern Wheatbelt Regional Organisation of Council (NEWROC). NEWROC
includes the shires of Koorda, Mount Marshall, Mukinbudin, Nungarin, Trayning, Westonia,
and Wyalkatchem (Figure 5-1). A random stratified sampling technique was employed in the
landholder selection process. The sample was stratified by shire. Interviews were conducted by
Pauline Guest, a member of the Avon Catchment Council and NEWROC farming community.
NEWROC has a population of 3,500 people (Landcare 2010). Statistical analysis of the survey
results was conducted using Stata and Microsoft Excel.

Figure 5-1 Location of North-Eastern Wheatbelt Regional Organisation of Councils (NEWROC)
within Western Australia (Gole et al. 2005).

The survey results give a representative picture of the conservation actions, attitudes and
preferences of landholders within the NEWROC area. NEWROC is divided into an Intensive
Land-use Zone for agricultural production (69%) and an Extensive land use zone for pastoral
grazing (31%). The survey results covered 380,000 hectares, or 17% of the 2,400,000 hectare
NEWROC area. This corresponds to 23% of the NEWROC Intensive land use zone. Participants
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managed 97% of the surveyed area with 89% of the total area being under direct ownership.
Within the area managed by survey participants, 45,000 hectares
hectares or 12% was woodland.
According to the most recent data, 12% of the overall NEWROC Intensive agricultural land use
zone is woodland, marked as dark grey in Figure 5-2 (Shepherd et al. 2002).
2002) The proportion of
native woodland in shires ranges from 5% in the south-west
south west shire of Wyalkatchem, to 21% in
the eastern most shire of Westonia.

Figure 5-2 Map showing remnant vegetation extent by Local Government Authority in the
NEWROC project region (Gole et al. 2005) (White et al. 2008).

The area is a highly productive part of Western Australian agriculture, as well as being
significant internationally for its high biodiversity. Both agricultural
agricultural production and the native
environment are under threat from land degradation, particularly salinity, grazing, and large
scale clearing (Hancock et al. 1996; Landcare 2010).. Since 2001, the NEWROC Natural Resource
Management Group has overseen planting 1.4 million trees, erecting 196 kilometres of
fencing, setting 30,000 fox baits and raising more than $1.15 million in funding for projects
(Landcare 2010).. These conservation projects and others in the NEWROC, provide good
sources of ecological and socio-economic
soci economic data for empirical analysis of the principal-agent
principal
model. Appendix 2 contains photographs of Western Australian eucalyptus woodland at
various states and following revegetation work.
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5.3 Conservation work
Survey participants were questioned about the conservation activities they undertook on their
property/ies, the amount of time they spent doing conservation work and their attitudes
about conservation. The following analysis considers participant’s responses to these
questions, with a view to determining landholder’s motivations and limitations to their
willingness to conduct conservation work.
Almost all survey participants undertook conservation work during 2002 to 2008. The most
popular conservation activity among the participants was controlling feral animals in woodland
areas (Table 5-1). Also particularly popular were fencing off woodland to exclude stock and
revegetating cleared or degraded areas using local native plant species. On average,
participants engaged, to some extent, in four (standard deviation ±1.7) of the seven
conservation activities included in the survey. Half of respondents also did activities not
included in the survey, such as planting oil mallees and salt bush, managing soil erosion,
conducting flora surveys, managing wild dogs, and producing sandalwood.

Table 5-1 Number of survey participants undertaking conservation activities.
Feral animal control in woodland areas
Revegetation using local native plant species
Fencing of woodland to exclude stock
Revegetation for wildlife corridors
Planting buffer vegetation around woodland areas
Salinity control primarily to protect woodland or wetlands
Weed control in woodland areas
None of the above
Other

49
46
43
36
28
24
10
1
31

The more conservation activities a survey participant undertook, the longer they spent doing
conservation work. On average, survey participants spent 20 days each year doing
conservation activities. A histogram of the number of days spent on conservation work is given
in Figure 5-3. Two participants spent noticeably longer doing conservation activities than other
landholders, specifically 120 and 180 days each year. Excluding these outliers, the average
drops to 16 days per year. The number of days spent doing conservation activities by a survey
participant had a significantly positive relationship with the total number of activities done
(excluding outliers) (p<0.03). Contingency tables of conservation activities revealed a threeway relationship between participants controlling feral animals and fencing, fencing and
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planting buffer vegetation, and controlling feral animals and planting buffer vegetation
(p<0.10) (Table 5-2 to Table 5-4). There was also a three-way relationship between planting
buffer vegetation and revegetating native plants, planting buffer and wildlife corridors, and
planting wildlife corridors and revegetating native plants (p<0.10) (Table 5-5 to Table 5-7).
There was no relationship, however, between any specific conservation activity and the

Absolute frequency

number of days spent on conservation work (p>0.1).

20
18
16
14
12
10
8
6
4
2
0
0-5

5-10

10-15 15-20 20-25 25-30 30-40 40-50 50-75 75-200 200+
Conservation work, days per year

Figure 5-3 Number of days spent doing conserVAtion activities each year.

Table 5-2 Contingency table of the number of participants undertaking feral animal control and
fencing.

Feral animal control in
woodland areas

Fencing of woodland to exclude stock
No
Yes
8 (13%)
3 (5%)
9 (15%)
40 (67%)

No
Yes

Table 5-3 Contingency table of the number of participants undertaking feral animal control and
planting buffer vegetation.

Feral animal control in
woodland areas

Planting buffer vegetation around woodland
areas
No
Yes
10 (17%)
1 (2%)
22 (37%)
27 (45%)

No
Yes
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Table 5-4 Contingency table of the number of participants planting buffer vegetation and
fencing.

Planting buffer
vegetation around
woodland areas

No
Yes

Fencing of woodland to exclude stock
No
Yes
12 (20%)
20 (33%)
5 (8%)
23 (38%)

Table 5-5 Contingency table of the number of participants planting buffer vegetation and
revegetating with native plants.

Planting buffer
vegetation around
woodland areas

No
Yes

Revegetation using local native plant species
No
Yes
10 (17%)
22 (37%)
4 (7%)
24 (40%)

Table 5-6 Contingency table of the number of participants planting buffer vegetation and
revegetating for wildlife corridors.

Planting buffer
vegetation around
woodland areas

No
Yes

Revegetation for wildlife corridors
No
Yes
17 (31%)
15 (28%)
1 (2%)
21 (39%)

Table 5-7 Contingency table of the number of participants revegetating for wildlife corridors
and using local plants.

Revegetation for wildlife
corridors

No
Yes

Revegetation using local native plant species
No
Yes
12 (20%)
12 (20%)
2 (3%)
34 (57%)

The two most motivating factors influencing landholders’ decisions about conservation work
were protecting native species for future generations, and improving the sustainability of
farming land (Figure 5-4). Factors not important to landholders’ conservation decisions were
government economic incentives, and personal satisfaction from nature conservation.
Interestingly, community involvement was ranked lowest overall by landholders. This suggests
landholder conservation decisions are not necessarily motivated by community involvement,
but more by personal and financial consequences. This finding, if confirmed more broadly, has
important implications, as broad community involvement is often emphasised in conservation
programs, such as the National Landcare program or the Natural Heritage Trust. It is also
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notable that generation of public benefits did not appear to be a strong motivating force for
these farmers. Environmental managers wishing to increase public environmental benefits
may need to pay attention to whether the proposed on-ground works also generate private
benefits for the individual landholders. Pannell (2008) highlighted the importance of private
benefits even in programs that are primarily intended to generate public benefits.

40

Improving the look of our property

35
Making a contribution toward the
natural environment

Absolute frequency
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Figure 5-4 Factors important to decisions about on-farm nature conservation activities.

Limitations to these landholders’ conservation activities are primarily financial. This was
revealed by participants’ responses to closed and open-ended questions. Closed questions
indicated that the main factors restricting conservation activities were a lack of time,
prohibitive financial costs, and a lack of financial assistance from the government (Figure 5-5).
In response to an open-ended question, five participants also identified climatic and
motivational limitations. Other barriers identified were peer influence, regulations, and
agricultural production needs. The least limiting factors of those explored were insufficient or
inadequate information, and difficulty coordinating with other landholders (again suggesting
that the common emphasis of programs on broad community participation may not be as
important as environmental managers often believe). It also appears current government
financial incentives are not important to respondents’ conservation decision making, but limit
their involvement.
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Figure 5-5 Factors limiting on-farm nature conservation activities.

The difference in respondents’ views about the factors influencing their conservation activities
was assessed using discriminatory power (DP) scores. DP scores are used to assess whether a
question differentiates between respondents with high and low scores on the overall scale
(Monette et al. 1990). DP scores are used to identify which questions, or in this case factors,
are most likely to distinguish between different types of respondents. The DP scores given in
Table 5-8 show all of the attitude statements of the survey have scores above 1. This means
respondents have differing attitudes to all questions, i.e. respondents who are influenced by
these factors answer the question differently to those uninfluenced.
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Table 5-8 Discretionary power scores for factors preventing respondents from getting involved
in on-farm nature conservation activities.
Factor
Improvements to the sustainability of my
farm land
Preserving woodland for future
generations
Having community involvement
Making a contribution toward the natural
environment
Government economic incentives
Personal satisfaction from undertaking
nature conservation
Protecting native species for future
generations
Improving the look of our property

DP
Factor
2.4 Financial costs involved

DP
3.1

2.2 Lack of time

2.9

2.1 Lack of financial assistance from
government
1.7 Salinity impacts on native vegetation

2.2

1.6 Insufficient or inadequate information
1.4 Difficulty of coordinating with other
landholders
1.4

2.1
2.0

2.1

1.4

Landholders in the NEWROC area can potentially be divided into two groups, based on the
conservation activities undertaken. One group of landholders appears to have a preference for
conservation activities that are easily implemented and less disruptive to agricultural
production, such as controlling feral animals. The other group prefers conservation activities
which focus on improving native vegetation, such as revegetating using local plants. This
distinction, and its consequences for models of landholder conservation behaviour, is further
investigated later in this chapter.
Although landholders’ motivation for and engagement in conservation activities varied, their
behaviour often appeared to be primarily driven or limited by economic considerations. The
survey indicates for NEWROC landholders, implementing payment-for-actions or payment-foroutcomes contract must firstly overcome the economic limitations of landholders, before
drawing on their non-financial motivations. Modelling of conservation contracts services will
need to address these economic considerations.

5.4 Conservation value
Survey participants’ valuation of native woodland was established from their stated willingness
to bid for a 20 hectare block of native woodland, adjacent to their property, sold at auction.
The survey participant’s valuation gives an indication of the financial value they place on native
woodland and its improvement. On average, respondents were willing to bid $74/ha for
fenced woodland with a high conservation value. The range of bids was $0/ha to $600/ha. The
average bid for unfenced degraded woodland with a low conservation value was $42/ha, with
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a range of $0 to $450. Among respondents willing to pay for woodland (i.e. bid greater than
$0/ha), the average bids were $220/ha for high-value woodland and $113/ha for low-value
woodland.
Figure 5-6 gives a histogram comparing respondents’ bids for high- and low-conservation-value
land. Over half of respondents stated that their bid for high- and low-value conservation land
was $0. Among those who were willing to pay for woodland, three placed equal bids for highand low-conservation-value woodland. Fifteen bid more for high value woodland, and four bid
more for low-value woodland. This indicates that while some landholders value woodland,
they do not necessarily value the same characteristics of the woodland. Respondents who
were will to bid more for low-value woodland may also be considering its potential for
agricultural production.
Respondents’ bids for high-conservation-value woodland were significantly higher than for
low-value woodland (p<0.005). On average, a respondent’s bid for high-value woodland was
$31/ha higher than for low-value woodland. Respondents were willing to bid approximately
twice (1.8 times) the amount for high- versus low-conservation-value woodland (R2 = 0.77). In
relation to their other conservation activities, there is a significant positive relationship
between the respondents’ bid for both high- and low-value woodland, and the total number of
conservation activities a respondent did. The number of days spent doing conservation work
was also correlated with landholder’s valuation of woodland (p<0.01).
Survey respondents’ bids can be converted into an expected annual return, or benefit, using an
annuity calculation. For those respondents willing to pay for woodland, the average annual
benefit is $17/ha for high-conservation-value woodland and $8/ha for low-value-woodland.
Including survey participants who bid $0/ha, the annual return is $6/ha for high-conservationvalue woodland and $3/ha for low-value woodland. These annuity calculations assumed an
investment period of 40 years and a discount rate of 7%.
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Figure 5-6 A histogram of survey participant bids for 20ha block of high and low conservation
value woodland adjacent to their property ($ per 20 hectare block).

Stated costs of fencing and labour for conservation activities highlight the opportunity costs of
those activities to landholders across the region. Survey respondents’ stated cost to fence
woodland using their own labour is not significantly different to their stated cost for using a
contractor including $0/km responses (p>0.2). The average cost of fencing materials and
labour by respondent’s was $1,968/km, with a range of $0/km to $5,000/km. The average cost
of fencing by a contractor was $1,600/km, with a range of $0/km to $5,000/km. Excluding
$0/km responses, survey participant’s own fencing was significantly lower ($2042/km) than for
a contractor ($2640/km) (p<0.005). Figure 5-7 gives a histogram of the survey respondent and
contractor cost of fencing. The survey participants’ estimated cost of fencing with and without
zero values was not related to the number of conservation activities they did, or the number of
days spent doing conservation work (p>0.1).
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Figure 5-7 Histogram of survey respondent and contractor cost for fencing woodland ($/km).

Survey respondents also stated they would pay a contractor more for their labour to do
conservation work such as weeding, than their own cost. Figure 5-8 shows 10% of respondents
gave a cost for their own labour to do conservation work of $0/hour. The average cost of
respondent’s labour to do conservation work including these $0/hour responses was
$33/hour. Excluding $0/hour responses, the average cost rose to $39/hour. Twenty-two
percent of respondents stated they would pay $0/hour for a contractor to do conservation
work. The average payment for a contractor’s labour was $27/hour including $0/hour
responses, and $41/hour excluding them. The difference between a landholder’s estimated
labour cost for themselves versus a contractor was not significantly different with and without
$0/hour estimates.
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Figure 5-8 Histogram of survey respondent and contractor cost of labour for conservation work
($/hour).

Interestingly, two of the 48 respondents to this question stated they would pay $0/hour for
both their own and a contractor’s labour. Three had a cost for their own labour of $0/hour but
would pay a contractor. By comparison, nine would not pay a contractor but had a cost for
their own labour. There appears to be a number of respondents who intrinsically value
conservation work. They would be willing to pay others to work but gain sufficient value from
performing the work themselves not to require payment. While another group of respondents
would not value the outcome of a contractor’s labour, so not be willing to pay them, and
expect to receive payment for any tasks they completed. In contrast to fencing, participant’s
labour cost, implemented either through their own or a contractor’s labour, is positively
correlated with the number of days spent doing conservation activities (p<0.001).
Analysis of respondents’ valuation of woodland and costs for undertaking conservation work
give a general estimate of NEWROC landholders’ valuation of conservation work. Over half of
landholders did not value native woodland. Of those who did value woodland, the annual
benefit they expected to receive was only the equivalent of $17/ha from high-conservationvalue woodland and $8/ha for low-value woodland. Despite this low predicted non-market
benefit, landholders who valued woodland engaged in more conservation activities, and spent
more time doing them, than landholders who expressed zero value for woodland. This reveals
a potential separation between those willing to pay for woodland and do conservation work,
and those not willing to pay for woodland. This separation may have implications for economic
modelling of conservation work.
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5.5 Participation in conservation programs
Survey respondents had applied to a wide range of Federal, State and private programs, as
detailed in Table 5-9. The most widely accessed conservation programs were Corridors Across
NEWROC and Envirofund, both receiving applications from 21 of the 60 survey respondents.
All the applicants to Corridors Across NEWROC, and 81% of Envirofunds applicants, were
successful. Corridors across NEWROC was a partnership between the NEWROC shires and the
Avon Catchment Council to create a connective system of habitat vegetation (Landcare 2010).
Envirofund was part of the Federal Government’s Natural Heritage Trust program. It was a
competitive scheme for small projects aimed at conserving biodiversity and promoting
sustainable natural resource use (Department of the Environment Heritage and Arts 2009).
Only 10 respondents had not applied to any conservation programs. On average, respondents
had applied to 2.1 programs each in total. The overall success rate for these applications was
very high, at 86%.
Survey participants completed 87% of the conservation work when successful in applying for a
funded program (Table 5-9). Reasons given by those who had not completed the work
included cost (one participant), timing (one participant), ownership change (one participant),
and change of opinion towards covenant restrictions (two participants). Three participants
with uncompleted projects still intended to do the work. Interestingly, two respondents
indicated they had still completed the work when their application to a funding program had
been unsuccessful.
There is a positive relationship between both the number of applications and the respondents’
time spent doing conservation work as well as the number of conservation activities done.
Regression analysis indicates a significant positive relationship between the total number of
conservation activities a respondent did, and both the number of applications they made
(p<0.02) and the number of applications they were successful in (p<0.005). There was also a
significant positive relationship between the total number of days spent doing conservation
activities and the number of program applications (p<0.005), and the number of successful
applications (p<0.005). Interestingly, the success rate of the respondents application for
funded conservation programs was not related to the number of conservation activities the
respondent did (p>0.2), nor the number of days spent doing conservation work (p>0.9).
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Table 5-9 Survey respondents involvement with funded conservation programs.
Project/Program
Envirofund
Corridors across NEWROC
National Heritage Trust grants
Remnant Veg Protection Scheme
Auction for Landscape Recovery
Woodland Watch
Land for Wildlife
Search Project (CALM)
Saltland pastures SGSL Program
Engineering Evaluation Project
Landcare Vision Project
Avon Salinity
Kansai Oil Mallee Project
CALM's cost-sharing contracts
National Landcare Program
Avon Native Plant Industries Project
NEWROC Oil Mallee Project
Total

Applications Successful
21
17
21
21
12
11
12
12
11
4
11
10
9
8
8
8
3
3
3
1
2
2
2
2
2
2
1
1
1
1
1
1
1
1
121
104

Past 5 yrs
16
20
2
2
7
10
7
3
3
3
0
2
2
1
1
1
1
92

Completed
16
21
11
8
4
6
2
8
3
2
2
2
2
1
1
1
0
91

Survey participants had varied experiences of being monitored for their compliance with a
funded conservation program. Monitoring was reported in nearly two thirds of programs by at
least one survey respondent (Table 5-10). The lowest incidence of monitoring was in the
Search Project of CALM, with none of the seven participants confident they had been
monitored. The other low monitoring incidence scheme was Woodland Watch, with only two
of the seven landholders confident they had been monitored. In contrast, 90% of participants
in the Corridors across NEWROC scheme believed that they had been monitored. The level of
monitoring observed by landholders likely reflects characteristics of individual schemes such as
the area covered, number of participants, and scheme resources. Table 5-9 and Table 5-10
report some discrepancies in total participation. These tables do accurately represent the
survey result. Inconsistency may be due to variation in landholders’ interpretation of survey
questions.
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Table 5-10 Monitoring of respondent compliance as participants in funded conservation
programs.
Project/Program
Envirofund
Corridor across NEWROC
National Heritage Trust grants
Remnant Veg Protection Scheme
Auctions for Landscape Recovery
Woodland Watch
Land for Wildlife
Search Project (CALM)
Landcare vision project
Avon Salinity Tender
Kansai oil mallee
CALM's cost-sharing contracts
National Landcare Program
Avon Native Plant Industries Project
NEWROC oil mallee project
Total

Yes
11 (61%)
20 (91%)
7 (64%)
5 (56%)
2 (67%)
2 (29%)
6 (60%)
0 (0%)
2 (100%)
2 (67%)
2 (100%)
0 (0%)
1 (100%)
2 (100%)
0 (0%)
62

No
6 (33%)
0 (0%)
2 (18%)
3 (33%)
0 (0%)
2 (29%)
2 (20%)
6 (86%)
0 (0%)
0 (0%)
0 (0%)
2 (100%)
0 (0%)
0 (0%)
1 (100%)
24

Unsure
1 (6%)
2 (9%)
2 (18%)
1 (11%)
1 (33%)
3 (43%)
2 (20%)
1 (14%)
0 (0%)
1 (33%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
14

Total
18
22
11
9
3
7
10
7
2
3
2
2
1
2
1
100

Comparing the types of conservation activities undertaken as part of a conservation program
with total conservation activities done by participants indicates that some activities are likely
to occur without funding, while others aren’t (Table 5-11). The distribution of conservation
activities undertaken as part of a funded program, compared to total activities done, is
significantly different (p<0.003). Approximately 70% of fencing or revegetating was part of a
funded conservation program. Controlling feral animals, planting buffer vegetation, and
controlling salinity were undertaken as part of a funded program for approximately 50% of
respondents. In contrast, weed control in woodland areas was mostly performed outside of a
formal conservation program. Interestingly, nine respondents did not undertake any of the
listed conservation activities as part of a funded program, but had undertaken at least one
voluntarily. This variation is likely due to differing participant motivations for individual
conservation activities. Funded conservation programs also have various goals, and hence
support different conservation activities. For example, landholders may engage in feral animal
control as they enjoy the sport from hunting, although this does not match a particular
conservation program’s habitat-creation goal. The unique mix of financial and non-financial
benefits for each activity provides different motivations for each individual and conservation
organisation.
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Table 5-11 Conservation activities undertaken as part of a funded conservation program and
the total number of activities done.
Conservation activity
Feral animal control in woodland areas
Revegetation using local native plant species
Fencing of woodland to exclude stock
Revegetation for wildlife corridors
Planting buffer vegetation around woodland areas
Salinity control to protect woodland or wetlands
Weed control in woodland areas
Other
None of above
Unsure

Funded Program
24
31
30
25
13
12
2
1
10
1

Total
49
46
43
36
28
24
10
2
1
0

Landholders’ willingness to place a covenant on their land can give an indication of their
willingness to participate in longer term conservation programs. A covenant permanently
protects native vegetation by placing a restriction on the land title. Covenants remain in place
in perpetuity, regardless of whether the land is sold. A conservation plan often accompanies a
covenant, but cannot be binding on new owners. Fourteen survey participants indicated they
had a covenant or covenants on some of their land. Twelve had placed a single covenant.
Three of these covenants were with the oil mallee company Kansai, eight with the Remnant
Vegetation Protection Scheme of the Department of Agriculture and Food WA, and one with a
Local Government Authority agreement. One respondent had two covenant agreements, one
with Kansai and another with Carbon Neutral’s Men of the Trees. The remaining respondent
had three, two through the National Trust, and another with an Ecosystems Program.
Survey respondents indicated a slight preference for fixed-price payment schemes over
tenders or auctions (Figure 5-9). Of the 60 respondents, 78% probably or definitely would
participate in a scheme with a fixed-price payment, compared to 67% with a tender.
Discriminatory power scores show that attitudes towards tenders and fixed-price payment
methods differentiate between respondents influenced and uninfluenced by the funding
method (Table 5-12). For comparison, in New South Wales/Queensland 16.3% of landholders
preferred equal payments across each year of the program; 44.8 % preferred a 30% up-front
payment then equal yearly instalments; and 38.9% preferred payments at completion of each
stage of the program (Morrison et al. 2008).
Monitoring has a minimal impact on survey respondents’ participation in funded conservation
programs (Figure 5-9). One respondent indicated they would not, or probably would not,
participate if monitoring was by a scientist on-ground, five if by remote satellite, and two if by
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self-monitoring using photos. Overall, 91% of respondents probably or definitely would
participate in a program with on-ground monitoring by a scientist, 83% by remote satellite,
and 81% by self-reporting using photos. The results suggest landholders prefer monitoring by
scientists to monitoring via remote satellite, and both to self monitoring. This is potentially due
to a perception that scientific monitoring would also provide the landholder with information
about their property and conservation activities, in addition to funding. DP scores reveal
stronger differences in attitudes towards self-monitoring, than for either remote or on-ground
monitoring (Table 5-12). Importantly, these preferences are unlikely to strongly influence or
prohibit landholder involvement.

70%
60%

Payments by tender

50%
Payments fixed-price grants
40%
30%

On-ground monitoring by
scientist

20%

Remote monitoring by satellite
10%
0%

Self-monitoring using photos
Definitely Probably May or may Probably
would not would not
not
would

Definitely
would

Figure 5-9 Willingness to participate in programs with different payment methods, monitoring
and duration.

Table 5-12 Discriminatory power score of attitude to program payment, monitoring and
duration.
Program aspect
On ground monitoring by a scientist
Self-monitoring using photo points
Remote monitoring by satellite
Payments fixed-price grants
Payments determined by a tender

DP Score
1.4
3.1
2.0
1.9
1.9

In summary, NEWROC landholders are involved with many different conservation programs,
with a high degree of success in gaining funds and completing work. The activities undertaken
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as part of a program are significantly different to those done voluntarily. Intensive activities
focused on environmental conservation were more likely to be linked to funding, while those
with more agricultural impacts or benefits limited to the landholder were more likely to be
undertaken voluntarily. There was a small preference by respondents for fixed price over
tendered payment methods. Monitoring was generally accepted by program participants, and
is not seen as a barrier to program involvement.

5.6 Decision Making
Survey participants were asked about decision making for their property, and in particular
about decisions related to conservation activities. The majority of farm decision making was by
a partnership (45%) or group (21%). In general this was the respondent with their spouse, a
son/daughter and/or parent. Only 12% of respondents made important decisions alone
without consulting someone else. Another 22% of respondents made decisions alone but
consulted their family. Table 5-13 gives a summary of the number of different parties each
respondent indicated were involved in farm and conservation decision making.

Table 5-13 Number of respondents indicating different parties involved in farm and
conservation Decision making.
Part of decision making
Final decision maker(s)
Involved with farm decisions
Involved with conservation
decisions

Self/Alone
21
7

Partner
27
36

Parent
6
13

Son/Daughter
13
18

Sibling
3
6

Other
2
4

11

32

14

19

6

4

Decision making regarding conservation activities usually involved more parties than farming
decisions. The decision to undertake a conservation project was most frequently initiated by
the survey respondent himself or herself (71%), often with his or her partner (21%) (Table
5-14). Sixteen percent of respondents said the decision was initiated by a Landcare
Coordinator, who was not a family member and was external to the property. The decision
often involved many parties, including the respondent (86%), their partner (54%), a parent
(26%), a son/daughter (26%) and/or a Landcare Coordinator (17%). However, the finally
decision was most frequently made by the respondent (81%), occasionally with their partner
(22%), and rarely with parents, son/daughter, or a Landcare Coordinator.
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Table 5-14 Number of respondents indicating different parties involved in the aspects of
conservation decision making.
Party
Self
Partner
Parent
Son/Daughter
Sibling
Landcare Coordinator
Farm manager

Initiated
41 (71%)
12 (21%)
4 (7%)
8 (14%)
2 (3%)
9 (16%)
1 (2%)

Involved
50 (86%)
31 (53%)
15 (26%)
15 (26%)
4 (7%)
10 (17%)
1 (2%)

Decision
47 (81%
13 (22%)
5 (9%)
6 (10%)
3 (5%)
5 (9%)
1 (2%)

Forms
22 (38%)
7 (12%)
1 (2%)
6 (10%)
1 (2%)
15 (26%)
0 (0%)

Landcare Coordinators were mostly likely to be involved in administrative aspects of
conservation program decision making, often completing forms for the program application.
Only 38% of respondents filled out their own forms (Table 5-15). Over 50% of survey
respondents had received advice from a Landcare Coordinator in the last 2 years. The majority
of advice received related to applying for grants, revegetation planning, and sourcing technical
information. Advice on conserving soil, coordinating land management with other landholders,
and managing woodland was the least accessed.

Table 5-15 Number of respondents receiving advice from a Landcare Coordinator.
Grant applications
Revegetation planning
Sourcing technical information
Salinity management
Woodland management
Coordinating land management
Soil conservation
Other
None

35 (58%)
35 (58%)
32 (53%)
26 (43%)
20 (33%)
18 (30%)
14 (23%)
3 (3%)
6 (10%)

The diversity of decision makers’ involved in conservation work choices means landholder’s
conservation benefits and costs probably vary more than is captured by this survey. A large
number of parties are involved with farm decision making, and even more with conservation
activities. The impact of these unknown parties introduces a further element of uncertainty
into attempts to model conservation decision making.
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5.7 Demographics and the production system
Characteristics of landholders and their properties influence their capacity and inclination to
undertake conservation activities. Property and respondent characteristics were investigated
in order to understand possible reasons for, and indicators of, landholders conservation
activities, benefits, and costs. Fifty-eight of the 60 survey participants provided information on
their farm ownership and management structures. Farm ownership ranged from 0% (one
respondent) to 100% (40 respondents), with only five respondents owning less than 50% of
their farm. Only four respondents didn’t manage 100% of their farm, of whom two managed
less than 50%. Three survey respondents engaged in share-cropping, involving between 10%
and 25% of their farms. On average, respondents owned 89%, managed 97%, leased 10%, and
share-cropped 1% of their farms. There is no relationship between the ownership or
management of a property, and conservation activities undertaken by the respondent.
Properties surveyed were predominantly large, mostly consisting of cereal crop and sheep
enterprises. The average property size was 6,575 hectares, with a range of 650 to 30,000 ha
and standard deviation of 5,860 ha. According to ABARE, in 2008 the average wheat-sheep
property in Western Australia was 3,500 hectares, with 1,500 ha of crop production (Australian
Bureau of Agricultural and Resource Economics 2009). The total quantity of land included in
the survey was 380,000 hectares, this being 23% of the NEWROC Intensive land use zone
(cropping), or 17% of the entire NEWROC area. Table 5-16 indicates that 72% of respondents
ran combined cropping and sheep enterprises. Of the 44 grain and sheep enterprises, 26
respondents were cereal crop enterprises only, two cereals and legumes, and one cereal,
legume and oilseed. Of the dedicated grain producers, 10 were cereal only, two cereal and
legume only, and one cereal, oilseed and legume. There was one dedicated sheep producer,
and two ‘other’ properties, the ‘other’ being agroforestry and oil mallees. There is a significant
negative relationship between owning or managing a dedicated cereal enterprise and the
number of days spent on conservation activities (p<0.001).
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Table 5-16 Number of respondents for each grain and sheep farm enterprise.

No crop
Cereal
Cereal and legume
Cereal and oilseed
Cereal, legume and oilseed
Other
Total

Sheep
1
26
9
1
5
3
44

No sheep
2
10
2
0
1
3
15

The allocation of land among different land uses was diverse. The average respondent’s
property consisted of 3,900 ha of cropping (61%), 1,500 ha of grazing (29%), and 100 ha of oil
mallee production (5%), with 750 ha of woodland (12%). The proportion of crop production on
a farm ranged from 12% for the one sheep enterprise to 90% for one dedicated cereal
enterprise. Noticeably, no farm was 100% cropping. Grazing ranged from 3% to 80% of the
area of the property, and native vegetation from 2% to 42%, with oil mallee production
ranging from 1% to 26%. The survey area therefore covered approximately 245,000 ha of
cropping, 100,000 ha of grazing, and 9,000 ha of oil mallee production, with 45,000 ha of
native woodland. There was no relationship between the land allocation on a property and
conservation activities undertaken by the respondent.
The management and use of woodland differed between survey respondents. Of the
woodland area on a property, on average 46% was actively managed and fenced, with a range
of 0% to 100% and standard deviation of 34%. Combining this with the stated area of the
native woodland, the average farm has 209 hectares of managed woodland. The area of
woodland managed ranged from of 0 to 2,100 ha. Native woodland in sheep production is
predominantly used as a wind break or for shelter, rather than for grazing (Figure 5-10).
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Figure 5-10 Role of native woodland in sheep production.

The opportunity cost of removing land from agricultural production for conservation can be
related to crop yield. Summary statistics of the yield for the main crop types in NEWROC are
presented in Table 5-17. The average survey participant’s gross revenue from cropping was
estimated to be $490/ha for wheat, $300/ha for barley, and $400/ha for canola. The
respondents’ expected net income is then $150/ha for wheat, $140/ha for barley, and $40/ha
for canola each year, assuming a variable cost of production of approximately $240/ha
(Department of Agriculture and Food Western Australia 2005; Australian Bureau of Statistics
2009). The high variation in crop yield, together with the variability of commodity prices,
means these estimates of agricultural returns are very uncertain.

Table 5-17 Summary of average survey respondent crop yield and price, with estimated
revenue, cost, and income.

Minimum yield
Maximum yield
Average yield
Standard deviation
Avg price 2004/05-08/09
Revenue
Cost
Income

Units
Wheat
tonne/ha
0.5
tonne/ha
2
tonne/ha
1.3
0.3
$/tonne
300
$/ha
390
$/ha
240
$/ha
150
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Barley
1
2.5
1.5
0.3
250
380
240
140

Canola
0.5
1
0.7
0.2
400
280
240
40

The range of quantity and type of staff on each property surveyed indicates diversity in
landholders’ capacity to do conservation activities. The average number of staff on each
property was 2.8 (±1.7) permanent full time equivalent workers, with a range of 0 to 10. Figure
5-11 gives the frequency of total full-time-equivalent staff on surveyed properties. Casual staff
were employed by 45 respondents, only one of whom did not have other permanent staff. The
average number of casual full-time-equivalent staff was 0.4, with a range of 0 to 5. The
average number of total equivalent full-time staff per 1,000 ha of property was 0.7. Per 1,000
ha of cropping or grazing land it was 0.8.
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Figure 5-11 Histogram of full-time-equivalent staff, being casual and permanent paid and
unpaid workers.

In general, the survey participants relied on their property for income, were aged over 40 and
expect their family to continue on the property. Most respondents were reliant on their
property’s income. For the majority of respondents (82%), income from the farm property was
50% or more of their household income. Only 9% of surveyed households received greater
than 50% off-farm income, with only 4% of respondents receiving 76% or more of their income
from off-farm sources. Of the participants who gave their age, 7% were 18-29 years old, 18%
were 30-39, 35% were 40-49, 33% were 60-69 and 7% were over 70. The family was going to
continue farming for 40% of respondents but would not for 23%. Over a third of survey
respondents were unsure whether their farm would be carried on by their family when they
retired. Older applicants applied for significantly more funded conservation programs than
younger respondents (p<0.1). No other relationships were observed.
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Survey respondents’ levels of education and training varied greatly. Thirty percent of
respondents had completed high school to year 10, 5% to year 11 and 18% to year 12. Trade
certificates were completed by 4%, agricultural college by 20% and diploma or university
degrees by 23%. Nearly two thirds of respondents indicated that someone in their household
was a member of a group interested in farm production, land, or nature conservation.
Respondents predominantly belonged to production-based groups, such as the Western
Australian No-Tillage Farming Association (WANTFA) or the Kondinin Group. Three
respondents stated that members of their household belonged to four groups interested in
farm production, land, or nature conservation. Six respondent households had members of
three groups, 10 respondents had members of two groups and 24 had a member of only one
group. Memberships were spread across national, state, and local groups. For instance, five
respondents were members of the national Land for Wildlife organisation, and one was an
Australian Sandalwood Network member. Six respondents were Western Australian Farmers
Federation members, and three belonged to the State-based Wildflower Society of WA. The
local Koorda Natural Resource Management Group attracted six members, while four
respondents were members of the Mt Marshall Natural Resource Management Group. In total,
28 organisations or groups had members within the households surveyed. The number of
groups with members within a respondent household was negatively related to the number of
successful funded conservation program applications they had made (p<0.06).
Most of the respondents had attended a field day at some stage. A field day is a presentation
or exhibition of research or information about production and/or conservation practices. For
example, the Western Australian No-Tillage Farming Association holds an annual field day at
their research farm to demonstrate research findings and communicate information to
members and the general public. Specifically, only 13% did not attend any field days each year,
31% attended once or twice a year, 38% attended three or four times, and 17% attended five
to nine field days. Field day attendance was not related to any questions regarding
participants’ conservation work.
Risk aversion was assessed by asking respondents a series of questions relating to their
maximum bid for a specified end price, given the probability that they would receive the
reward. The Arrow-Pratt-measure of risk aversion was estimated from the elicited data,
delivering a mean risk aversion score of 0.0019 ± 0.0015 and a range of -0.0039 to 0.0032
(Hartog et al. 2000). It was found that 91.5% of respondents were risk averse, with the
remaining 8.5% of respondents indicating they were either risk neutral or risk takers (White et
al. 2008).

101

The survey results do not provide any strong indications of relationships between
characteristics of landholders and their properties, and conservation work done. This could be
due to the small size of the survey and the many possible classifications for each characteristic.
The survey did, however, identify heterogeneity in landholder and property characteristics.
When the landholder and property targeted is so diverse, it seems likely that environmental
programs cannot rely on perceived altruistic motivations for conservation work. Rather,
government programs need to accommodate this variation in motivation and characteristics of
landholder by including various incentive mechanisms and activities within conservation
programs. Variation in the design of conservation programs could maximise participation and
the environmental outcomes of the program.

5.8 Landholder Types
Landholders can possibly be grouped based on whether their bid for high value conservation
land was above $0/ha or not. Landholder classification could potentially assist with developing
a more accurate system of payment for environmental services within NEWROC. Table 5-18
gives a comparison of the survey responses of participants willing to place a bid for high value
woodland with those who wouldn’t bid (bid $0/ha). Respondents willing to pay for high-value
woodland appear to also have a higher cost for fencing and labour to do conservation work
than those not willing to pay for high-value woodland. This could reflect their high valuation of
the outcome of this work. Alternatively, they could already be committed to a high level of
conservation work, and so have a higher opportunity cost of additional work than those not
committed.
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Table 5-18 A comparison of the average conservation costs and activities, and property
characteristics of respondents willing to bid for high-value woodland and those not willing to
bid. (T-test and Chi-square test results for significant difference between responses for
willingness to pay versus unwillingness to pay **p<0.1, * p<0.2).

Bid for high value woodland ($/ha)
Bid for low value woodland ($/ha)
Cost for own fencing ($/km)
Cost for contractor fencing ($/km)
Cost for own conserv labour ($/hr)
Cost for contractor conserv lab ($/hr)
Number of consv activities done
Days spent on consv work per yr
Applications for funded prog
Successful applications for prog
Number funded consv activities
Number of covenant agreements
Cereal enterprise (0-no, 1-yes)
Sheep enterprise (0-no, 1-yes)
Other enterprise (0-no, 1-yes)
Number of ewes
Number of permanent employees

Wouldn’t pay for high
value woodland
0
4*
1862*
1317*
31
23*
3.7*
16**
1.5**
1.3**
2.3
0.2*
1**
0.8**
0.0**
1809*
3*

Pay for high
value woodland
221
118*
2158*
2095*
36
34*
4.6*
30**
3.1**
2.8**
3
0.5*
0.9**
0.5**
0.3**
1161*
2.2*

Table 5-18 shows how survey respondents who would bid for woodland have different
conservation characteristics to those who wouldn’t bid. Respondents who are willing to pay for
high value woodland are doing more types of conservation activities (funded and unfunded)
and doing conservation activities for more days per year than those unwilling to pay for
woodland. They also applied to and were successful in more funded conservation programs.
Covenant agreements to protect native woodland were also more likely to be put in place by
those willing to pay for woodland. These characteristics could allow the conservation
organisation to identify those willing to bid for or who appreciate woodland.
Respondents willing to bid for woodland also had different property characteristics to those
not willing to bid, but not personal characteristics. Respondents not willing to pay for high
conservation value woodland were more likely to be farming enterprises, both cereal and
sheep. Respondents willing to pay for woodland are more likely to have an ‘other’ enterprise,
such as agroforestry or oil mallees. On average, those willing to pay for woodland have fewer
sheep and fewer permanent staff. There were not significant differences in respondents’ ages
and education levels between those willing to pay for woodland and those who were not.
Property characteristics are correlated with willingness to pay for high-value woodland, while
personal characteristics appear not to be.
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The size of bid that survey participants would offer for woodland appears to identify those
who consistently place a higher value on conservation activities and their outcomes.
Interestingly, landholders who value woodland relatively highly also have a higher reported
cost for doing conservation activities. Perhaps these farmers are more experienced at
undertaking these activities, and so have a more realistic assessment of their costs. The higher
perceived cost may limit the usefulness of this classification for modelling, as a landholder who
values woodland expects a higher payment for their work. The overall goal of conservation
organisations to provide the greatest net benefit to society implies balancing contracting the
largest area possible and the most valuable sites, within a limited budget. Contracting with a
landholder who values woodland might provide the greatest benefit to the landholder
themself, but may not be the most efficient use of limited conservation funds. An auction or
tender system for the allocation of conservation funds would favour contracting with
landholders who do not value woodland themselves, but have a lower cost of conservation
work. Interestingly, this is generally contradictory to the marketing and promotion of
applications for conservation programs.
The analysis of possible landholder groups or types is subject to a number of limitations. There
could potentially be many more than two groups within the landholder population. The
selection of two classifications is rudimentary and may not give an accurate picture of the
breakup of the landholder population. Further research using a larger sample size and principle
components or cluster analysis may overcome this issue.
Limitations of the survey would include the sampling method, and focus of questions on
funded conservation programs. The survey respondents’ properties covered 17% of the
intensive use/agricultural production zone of NEWROC. The recruitment of survey participants
to a survey on conservation work may be biased towards those interested in conservation.
Especially when a third of the sample has participated in the Auctions for Landscape Recovery
program. The responses of the survey respondent may also not represent the entire farming
enterprise, particularly when farming or conservation decisions are made by another party.
The questions within the survey did not specify the size or location of areas where the
conservation activities had taken place. A distinction was not made between activities that had
been done within specific funded conservation programs or voluntarily. While the survey gives
a good overview of the conservation work on a property, it does not capture differences
between conservation sites or the variation within the farming enterprise.
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5.9 Summary
The survey results show the conservation actions, attitudes and preferences of NEWROC
landholders. Results highlight the range and diversity of conservation actions, involvement
with funded conservation programs, and preferences for different program designs. Results
also allow estimation of the costs of undertaking conservation work within NEWROC. The
relationships between landholder conservation actions, costs, and property characteristics
lead to a potential classification of landholders into two groups based on their willingness to
pay for woodland. These results can ultimately be used to model payment-for-actions and
payment-for-outcomes contracts in Australia and investigate their feasibility in the NEWROC
area.
Landholders’ motivations to do conservation activities varied, but their behaviour appeared in
general to be driven or limited by economic considerations. Almost all survey participants had
undertaken conservation activities and most had applied to and participated in a funded
conservation program. Intensive conservation activities focused on environmental outcomes
were more likely to be part of a funded program, compared to those with agricultural
production benefits. Landholders had a slight preference for conservation programs to use
fixed payments rather than tenders. Landholders also had a slight preference for conservation
programs to use monitoring by on-ground scientists over remote monitoring and selfmonitoring by farmers. The survey results do not provide any clear indications of relationships
between the characteristics of landholders or their properties, with conservation work done.
Based on the analysis of this survey, it is concluded that an economic model is likely to be
appropriate for modelling the conservation decision making of these landholders.
Only one characteristic indicated the landholders’ inclination for conservation work: namely
their willingness to bid for high-value woodland. The landholders with a willingness to pay for
woodland reported a higher cost for doing conservation work. This means that classifying
landholders into two groups based on their willingness to pay for woodland may not be useful,
as the net benefit for the landholder and conservation organisation are potentially divergent.
An auction or tender system for the allocation of conservation funds would favour contracting
with landholders who do not value woodland themselves, as they appear to also have a lower
cost of conservation work.
In general, this analysis provides information on the conservation actions, attitudes and
preferences of landholders in the NEWROC region of Western Australia. In the following
chapter, Chapter 6, information about landholders is combined with independent observation
of environmental change on their property, in order to investigate links between landholder
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actions and attitudes, and environmental outcomes. Chapters 8 to 10 use information gained
from the survey about landholders and their conservation work to model conservation
programs using payment-for-actions and payment-for-outcomes contracts in Australia, with
specific application to the NEWROC area.
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Chapter 6.

Linking ecology to landholders

6.1 Introduction
Estimating woodland change over time for different management or policy options is
necessary for effective decision making by environmental managers. The issues associated
with assessment of the environment were discussed in Chapter 4. The application of ecological
assessment to environmental conservation policy is hindered by the complex layers of
uncertainty within the assessment and prediction of environmental outcomes (Prato 2005;
Refsgaard et al. 2007; Doak et al. 2008). Advances in the techniques and technology of
ecosystem assessment have made it more accessible for environmental conservation policy
choice and design (Esteve et al. 1998; Naidoo et al. 2008). Satellite imagery and geographic
information systems can assist managers to use an integrated approach to environmental
conservation policy by illustrating the spatial distribution of costs and benefits, and by
identifying synergies and gaps in woodland across the landscapes.
In this chapter, a novel approach is used to analyse the influence on biodiversity condition of
environmental management actions, as well as the influence of landholder and property
characteristics. A time series of satellite imagery is analysed and combined with landholder
survey data to give insights into the drivers of change in biodiversity condition. Satellite
imagery provides details of the condition of woodland and land using measures relevant to
biodiversity condition. The condition of woodland is then matched to the landholder survey
responses presented in the preceding chapter. The outcome is an assessment of the change in
biodiversity condition over time as a function of the management actions, and characteristics
of the landholder and property. This combination of objective ecological assessment and
landholder behaviour has not been attempted previously. Unfortunately, the small sample size
excluded analysis of attitudinal survey questions and questions regarding the design of
conservation programs.
The approach is applied to the North-Eastern Regional Organisation of Councils (NEWROC)
area of the Western Australian Wheatbelt. Unfortunately, data was only able to be matched
for 20 landholder surveys and property images, covering 59 remnant woodland sites. The small
sample size limits the generalisation of conclusions but highlights a very useful new
methodology for estimating the relationship between landholder effort and ecological change.
The chapter outlines how satellite imagery and data were prepared and then combined with
the landholder survey data. Satellite imagery is from the Auctions for Landscape Recovery
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Under Uncertainty Project of NEWROC, which was funded by the Department of Agriculture,
Fisheries and Forestry (White et al. 2008). The objective of the original Auctions for Landscape
Recovery project was biodiversity conservation, so metrics and analysis focus on biodiversity
as the measure of environmental quality.

6.2 Satellite imagery
Satellite imagery was used to track the quality of remnant woodland over time for the
NEWROC area. Satellite images taken approximately every two years from 1988 to 2007 were
combined with environmental and geological data for the area. The development of mature
woodland canopy may take hundreds of years (Hobbs and Cramer 2003) but perennial shrubs
can be established within 2 years (Yates et al. 2000). Within the image, blocks of remnant
native woodland over 40 hectares on private and public land present throughout 1988 to 2007
were identified. A subsection of the NEWROC area in 1988 is shown in Figure 6-1 and the same
area in 2007 is shown in Figure 6-2 to illustrate how property areas and remnant woodland
areas matched. Remnant woodland blocks are marked in vertical stripes and property
boundaries in horizontal stripes.
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Figure 6-1 Satellite image of NEWROC in 1988 overlaid with identified remnant woodland
(vertical stripes) and property boundaries (horizontal stripes).

Figure 6-2 Satellite image of NEWROC
NEWRO in 2007 overlaid with identified
dentified remnant woodland
(vertical stripes) and property boundaries (horizontal stripes).
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The scoring of woodland attributes was performed objectively by automated processing of
Landsat Band 5 images by geographic information system software ArcGIS. A total of 59
remnant woodland blocks over 40 hectares were identified in 20 landholder properties
surveyed. The biodiversity condition of each remnant was scored based on; initial biodiversity
condition; fragment shape complexity; connectivity to other fragments; management history,
and subjection of a fragment to active degradation processes such as salinisation. The
biodiversity condition score was scaled 0 to 1, with 1 being a pristine woodland community
and 0 being severely degraded. In NEWROC eucalyptus woodlands, a score of 1 would
correspond to woodland with a generally intact shrubby understorey, a heterogeneous litter
layer, and friable, porous soil with possibly some annual weeds (Yates and Hobbs 1997). A
biodiversity condition score of 0 would be the equivalent of agricultural land, with rotations of
annual crop and/or pasture species.
The model of biodiversity condition was calibrated and tested against current ground
conditions using expert opinion of site photos from 77 remnant blocks. The predictive model
explained 74.5% (adj R2) of the variation in on-ground estimates of biodiversity condition.
However, the model was large relative to the sample size and such over-fitting of a model is
known to result in higher prediction errors (White et al. 2008). The change in biodiversity
condition was analysed using functional principle components analysis to identify the primary
ecological responses within the woodland remnants. Figure 6-3 shows the 6 biodiversity
condition response classes identified by the functional components analysis. Response classes
1 and 4 are viewed as active management, while 2, 3, 5 and 6 are unmanaged sites. Limitations
of the satellite imagery collection and processing are discussed in section 6.5 of this chapter.
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Figure 6-3 Biodiversity condition response classes (White et al. 2008).

6.3 Property data
Fifty eight participants of the Auctions for Landscape Recovery Under Uncertainty survey gave
approval for their survey information to be matched with the satellite imagery
image of remnant
woodland on their property. The names of the respondents were used to identify title deeds
through data from the Department of Agriculture and Food Western Australia and LandGate.
The boundaries specified by the title deeds were allocated to survey respondents and
aggregated into property boundaries. The properties located comprised of between 1 and 5
title deeds, with an average of 2.7.
Figure 6-1 indicates the boundaries of properties in the study with horizontal strips
s
and the
remnant woodland blocks with vertical strips. The remnants could then be allocated to a
property and matched with a survey response. Limitations within the size and location of the
satellite imagery, as well as title deed information meant that
that the final sample consisted of
only 20 properties with remnant woodland imagery and survey response. On each property
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there ranged from one to nine blocks of remnant woodland identified via satellite imagery,
with an average of 3.1 blocks.
The biodiversity condition score of each remnant within a property was weighted by its area to
give an overall biodiversity condition score for the property. The biodiversity score for each
property over time is given in Figure 6-4. Figure 6-5 shows a histogram of the change in
biodiversity score for 1988 to 2007 and 2003 to 2007. The average change in biodiversity
condition score from 1988 to 2007 for a property and for an individual remnant site was an
improvement of 0.01. For 2004 to 2007 (the period when landholders were surveyed about
their conservation work), the average change in biodiversity condition scores on a property
was an improvement of 0.03. From 1988 to 2007, and from 2004 to 2007 the biodiversity
condition improved for 10 of the properties and declined for 10. The mean change is not
significantly different between the two periods (p=0.30). Also, the mean biodiversity condition
score for properties in 1988 is not significantly different to the mean in 2007 (p=0.56) or 2004
to 2007 (p=0.72).
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Figure 6-4 Biodiversity condition score for each property over time.
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Figure 6-5 Histogram of change in Biodiversity condition score.

6.4 Results
The investigation focused on four key issues: landholders’ conservation activity, valuation and
costs of conservation, and personal and property characteristics. Statistical analysis was
performed using Stata. The results show no significant links between the change in biodiversity
condition of woodland and the landholder’s actions, costs or characteristics.

6.4.1 Landholder conservation activities
The biodiversity condition score and its change are significantly correlated with landholder
involvement with funded conservation schemes. The measures of conservation activity
investigated were the total number of activities undertaken in the past 5 years (2003-2008)
(qu01tot), average number of person days spent on conservation work per year (qu03), the
total number of successful applications for funded programs (qu07a) and the number of
conservation activities undertaken as part of a funded program (qu11tot). Table 6-1 gives a
summary of the regression analysis indicating no clear relationship between the change in
biodiversity score between 2004 and 2007, and the landholder’s conservation work.
Investigating each dependent variable individually, the change in the biodiversity condition is
negatively related to the number of successful applications the respondent has made to a
funded program (individual regression p=0.01) and the number of conservation activities they
have done as part of the program (p=0.03). This indicates that, at least on a short time scale,
environmental condition is not significantly enhanced by environmental works in the case
study area. The number of successful applications for funded programs and the number of

113

activities undertaken as part of these funded programs are related themselves, as expected
(p<0.00).

Table 6-1 Regression analysis of change in biodiversity condition score from 2004 to 2007
against landholder conservation activities.
Source |
SS
df
MS
-------------+-----------------------------Model | .073672515
4 .018418129
Residual |
.10290547
14 .007350391
-------------+-----------------------------Total | .176577986
18 .009809888

Number of obs
F( 4,
14)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

19
2.51
0.0895
0.4172
0.2507
.08573

-----------------------------------------------------------------------------r0407 |
Coef.
Std. Err.
t
P>|t|
[95% Conf. Interval]
-------------+---------------------------------------------------------------qu01tot |
.012148
.0155537
0.78
0.448
-.0212114
.0455075
qu03 |
.0013412
.0014019
0.96
0.355
-.0016657
.004348
qu07bs | -.0294154
.018043
-1.63
0.125
-.0681137
.009283
qu11tot | -.0146056
.0170288
-0.86
0.406
-.0511288
.0219176
_cons |
.0202331
.0618137
0.33
0.748
-.1123441
.1528104
-----------------------------------------------------------------------------Note: r0407 change in biodiversity condition score 2004 to 2007, qu01tot total number of conservation activities undertaken,
qu03 number of hours sent doing conservation work, qu07bs number of successful applications to conservation programs,
qu11tot number of conservation activities undertaken as part of a funded program.

6.4.2 Landholder valuation of conservation land and costs of
conservation work
The change in biodiversity score between 2004 and 2007 is not related on the landholder’s
valuation of woodland or the costs for conservation work (Table 6-2). The grouped and
individual regression results indicate no relationship between the change in biodiversity score
and stated bid for woodland with high conservation value (qu23), or low conservation value
(qu24). The labour costs of a landholder undertaking conservation work (qu27), and the cost of
using a contractor (qu28), are not significantly related to the change in biodiversity score. The
landholder’s costing for fencing done by them (qu25) or a contractor (qu26) could not be
analysed due to a lack of survey responses: only 10.
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Table 6-2 Regression analysis of biodiversity condition change 2004 to 2007 against landholder
value and cost of conservation.
Source |
SS
df
MS
-------------+-----------------------------Model | .104130324
6 .017355054
Residual | .069954274
3 .023318091
-------------+-----------------------------Total | .174084598
9 .019342733

Number of obs
F( 6,
3)
Prob > F
R-squared
Adj R-squared
Root MSE

=
10
=
0.74
= 0.6542
= 0.5982
= -0.2055
=
.1527

-----------------------------------------------------------------------------r0407 |
Coef.
Std. Err.
t
P>|t|
[95% Conf. Interval]
-------------+---------------------------------------------------------------qu23 | -.0017748
.0033555
-0.53
0.633
-.0124536
.008904
qu24 |
.002903
.0069105
0.42
0.703
-.0190892
.0248951
qu25 |
7.42e-07
.0000749
0.01
0.993
-.0002377
.0002392
qu26 | -.0001084
.0000571
-1.90
0.154
-.0002903
.0000734
qu27 |
.0035825
.0032254
1.11
0.348
-.0066822
.0138472
qu28 |
.000852
.0034441
0.25
0.821
-.0101087
.0118127
_cons |
.0894197
.1530706
0.58
0.600
-.3977193
.5765587
Note: r0407 change in biodiversity condition score 2004 to 2007, qu23 bid for high-conservation-value woodland, qu24 bid for
low-conservation-value woodland, qu25 respondent’s cost to erect fencing, qu26 cost for a contractor to erect fencing, qu27
respondent’s cost for labour to do conservation work, qu28 respondent’s payment to contractor for conservation work.

6.4.3 Landholder and property characteristics
The relationship between the change in biodiversity condition between 2004 and 2007, and
landholder characteristics as well as characteristics of the property itself were explored. Table
6-3 shows the general relationship between the biodiversity condition score and the property
characteristics of: size (qu30), proportion of the farm owned by the survey respondent
(qu31a), proportion of the farm that is managed woodland (qu36), and total number of staff
(qu41tot). Table 6-3 also gives the respondent characteristics of age (qu39) and attendance at
field days (qu43).
The change in biodiversity score between 2004 and 2007 appears to be related to some
characteristics of the respondent’s property. Analysed on an individual basis, there is a positive
relationship between improvement in the biodiversity condition on a property and its size
(individual regression p=0.08). Improvement was also more likely to occur if the property was
not owned by the respondent (p=0.05). Finally, the improvement in the biodiversity condition
was positively related to the number of staff on the property (p=0.03). This indicates an
economy of scale in conservation work for landholders, plus a propensity for those more
involved with the day-to-day tasks of farming not to improve the biodiversity condition.
The age of the landholder was the only respondent characteristics potentially related to the
improvement in biodiversity condition (p=0.04). The positive relationship between respondent
age and change in biodiversity condition potentially means that older landholders are more
skilled or that they value biodiversity improvement more.
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Table 6-3 Regression analysis of biodiversity condition change 2004 to 2007 against
characteristics of the landholder and the property.
Source |
SS
df
MS
-------------+-----------------------------Model |
.05452575
6 .009087625
Residual | .032028043
9 .003558671
-------------+-----------------------------Total | .086553793
15 .005770253

Number of obs
F( 6,
9)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

16
2.55
0.0997
0.6300
0.3833
.05965

-----------------------------------------------------------------------------r0407 |
Coef.
Std. Err.
t
P>|t|
[95% Conf. Interval]
-------------+---------------------------------------------------------------qu30 |
4.00e-06
5.38e-06
0.74
0.476
-8.17e-06
.0000162
qu31a | -.0032036
.0040423
-0.79
0.448
-.0123478
.0059407
qu36 |
-.00036
.0005487
-0.66
0.528
-.0016011
.0008812
qu39 |
.0237773
.0182533
1.30
0.225
-.0175145
.065069
qu41tot | -.0057086
.0370648
-0.15
0.881
-.0895551
.0781379
qu43 |
-.019239
.0211828
-0.91
0.387
-.0671579
.0286799
_cons |
.3037746
.4701014
0.65
0.534
-.7596686
1.367218
-----------------------------------------------------------------------------Note: r0407 change in biodiversity condition score 2004 to 2007, qu30 property area, qu31a proportion owned by respondent,
qu36 proportion of woodland managed, qu39 respondent’s age, qu41tot total number of full time staff, qu43 frequency of
attending field days.

6.4.4 Overall
Grouping the most significant measures of landholder activity, values and characteristics
reaffirms the complex relationship between these characteristics and biodiversity condition
change. Table 6-4 shows that overall the strongest factors related to the improvement in
biodiversity condition between 2004 and 2007 were a negative relationship with the number
of environmental programs the landholder has received funding from and a positive
relationship with the age of the respondent. The negative relationship between funded
conservation programs and the change in biodiversity condition is not encouraging for
conservation funders. This could represent how funding is only part of the motivation for
landholders to improve the biodiversity condition of their property. Other factors, such as
those related to their age, could be driving the ultimate success of conservation work by
landholders. Alternatively it could be a random outcome that highlights the difficulty of
drawing conclusions about this issue over such a short time frame.
The small sample size and other limitations detailed below inhibit drawing general conclusions
from these findings but it suggests that environmental programs are not necessarily improving
the quality of biodiversity condition in NEWROC. It also suggests there are characteristics of
the landholder and property that should be incorporated into targeting conservation work. By
identifying characteristics, such as age, which are correlated with an improvement in
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biodiversity condition the conservation organisation could target investment and more cost
effectively achieve environmental outcomes (Emtage et al. 2006).

Table 6-4 Regression analysis of biodiversity condition change 2003 to 2007 against key
landholder responses.
Source |
SS
df
MS
-------------+-----------------------------Model | .163079117
5 .032615823
Residual | .011005481
4
.00275137
-------------+-----------------------------Total | .174084598
9 .019342733

Number of obs
F( 5,
4)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

10
11.85
0.0164
0.9368
0.8578
.05245

-----------------------------------------------------------------------------r0407 |
Coef.
Std. Err.
t
P>|t|
[95% Conf. Interval]
-------------+---------------------------------------------------------------qu07bs | -.0471788
.0169329
-2.79
0.050
-.094192
-.0001655
qu26 | -.0000522
.0000206
-2.54
0.064
-.0001093
4.84e-06
qu30 |
.0000124
5.89e-06
2.11
0.102
-3.91e-06
.0000288
qu31a |
.0034822
.0019378
1.80
0.147
-.0018979
.0088623
qu39 |
.0709268
.0208341
3.40
0.027
.0130822
.1287715
_cons | -.4646452
.2201815
-2.11
0.102
-1.075967
.1466767
Note: r0407 change in biodiversity condition score 2004 to 2007, qu07bs number of successful applications to conservation
programs, qu26 cost for a contractor to erect fencing, qu30 property area, qu31a proportion owned by respondent, qu39
respondent’s age.

6.5 Limitations
The primary limitations of the analysis relate to the design of the project and the inherently
complex nature of remnant woodland. The limitations and errors that may have arisen during
the analysis are discussed in the chronological order they may have occurred. The satellite
imagery is assumed to include all remnant woodland within the area but could have missed
small sites. It may also have misinterpreted grassland sites, which appear as agricultural land
from above. Matching each survey respondents’ details to property data was complicated by
each property area being made up of multiple deeds under multiple names. Multiple parties
and lease agreements making up one property could also lead to parts of the property not
being included and linked with a survey respondent. Matching properties using title deed
information also leads to leasehold land being misallocated to owners rather than managers.
Importantly, areas that were agriculture in 1988 and were revegetated to native woodland are
not necessarily captured by the satellite imagery. As this is the work often funded by
conservation programs it is a noticeable oversight.
On each property, generally multiple areas of remnant woodland were identified via satellite
imagery, but the survey response was for only one property. The landholders surveyed
responded to the survey for their entire property, which may have meant one of the sites
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identified, all of the sites identified or none if it happened to have not been included due to an
error in identifying properties or allocating remnants. The change in biodiversity condition
score was aggregated for the remnant blocks on a property, with wide ranges for the
biodiversity condition change occurring within one property being grouped together. Also, a
number of respondents declined to answer all of the questions within the survey, so reducing
the number of observations that can be included in the analysis.
The project had anticipated a majority of the survey respondents being willing for their
property details to be matched with satellite imagery. This was achieved with fifty eight of the
sixty participants willing for their survey response to be matched with aerial imagery of their
land. However, it was also anticipated that the majority of survey participants would have
property located within the area covered by aerial photography or the larger area of satellite
imagery. Unfortunately, only four survey participants were within the area covered by aerial
photography data, and 20 were within the area of satellite imagery. Satellite imagery was used
due to the small sample size for the aerial photography. The conclusions that can be drawn
about other areas of Western Australia or Australia are restricted by the unique characteristics
of the NEWROC woodlands, climate and demographics.
Conditions of the Auctions for Landscape Recovery Under Uncertainty meant the survey
respondents could not be further questioned following the interview. This would have allowed
for verification of property and remnant locations, as well as the actions applied to each block.

6.6 Conclusions
The small number of observations and the limitations of the sample restrict the analysis and
the conclusions that can be drawn from this study. Nevertheless, the analysis demonstrates
the methodology, highlights how this could be improved, and suggests further studies that
could be performed. The matching of independent environmental assessment with landholder
and property characteristics potentially gives an objective estimation of the landholder and
property types to target for conservation programs.
The results presented show the heterogeneity and complexity of the environmental-human
relationship (Higgins and Lockie 2002; Greiner et al. 2009). The results indicate that success
with funded environmental programs does not necessarily lead to immediate improvements in
biodiversity condition. Landholder and property characteristics could potentially be used to
identify sites more likely to improve. However, no clear measure or predictors for the
improvement of biodiversity condition emerged. Further work with a larger sample may well
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confirm or reveal more details about the relationships between landholder actions,
motivations and characteristics, and improving the natural environment.
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Chapter 7.

Markov-chain methodology

7.1 Introduction
Benefits generated by investment in conserving and improving native woodland on private
land can potentially be increased by undertaking analysis of the costs and benefits of each
investment option. Such analysis allows the investment options available to the government
conservation agency and/or private conservation organisation (conservation organisation) to
be compared, so that an informed investment decision can be made. In this study, investment
analysis is undertaken to determine the net benefits generated, either indirectly by contracting
for landholder labour to undertake specific actions (payment for actions) or directly by
contracting for environmental condition or services achieved (payment for outcomes).
The conservation organisation must also determine the optimal investment in monitoring and
assessment of the woodland condition. Monitoring prior to decision making potentially allows
the conservation organisation to improve their investment choices, although it comes at a
cost. In a payments-for-outcomes regime, the assessment process at completion of the
contract also determines the payment amount by establishing the level of environmental
services provided. Environmental services are measured through proxies or indicators. For
example, with an environmental goal of biodiversity conservation, measures such as number
of species in a site could be used.
Predicting the environmental services or outcomes from investment in conservation on private
land is crucial to estimating the return on investment. The quality of environmental outcomes
can be represented as a continuous variable such as biomass, or as discrete states. Native
woodland in Western Australia has previously been represented as a discrete set of states
(Yates and Hobbs 1997). The transition between discrete states forms a Markov-chain, and the
net present value of the investment decision can then be analysed using Markov-chain
decision processes. Chapter 4 contained a discussion of issues related to the measurement and
modelling of environmental services.
In the case of environmental investment, the initial state of the woodland is often unknown.
Partially observable Markov-chain decision processes (POMDP) are potentially of value in this
situation. POMDP can be used to analyse both the return on investment from different
conservation contracts and the use of contract assessment or separate monitoring to
overcome uncertainty about the current woodland state. POMDP (Cassandra 1995) has
previously been applied to a limited number of environmental issues; these include
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management of heather moorland in the United Kingdom (White 2005) and salmon fishing in
British Columbia (Lane 1989).
This Chapter describes the application of POMDP analysis to the investment decisions made by
a conservation organisation. The conservation organisation determines the optimal investment
in landholder effort or environmental services; the frequency of monitoring; the response to
monitoring results; and the preferred monitoring technology. An outline of the POMDP model
forms the first half of this chapter. The model is applied to Western Australia’s North Eastern
Wheatbelt Regional Organisation of Councils (NEWROC) in the following chapter.
POMPD analysis requires the identification of current woodland states, and an estimation of
transition probabilities between states. The second half of this chapter details a novel
approach for estimating transition probabilities for woodland within NEWROC. First, aerial
photography was used to identify the quality of native woodland at different points in time
over the past 50 years. Woodland quality was defined based on indicators of biodiversity
condition, such as the level of degradation at the boundary of the woodland. Then, principal
components analysis was used to identify various groups of woodland that had similar quality
attributes. Thirdly, each principal component was assigned to a particular category of
woodland (e.g. agricultural land, undegraded woodland) using a regression tree. Fourthly, the
probabilities of transition between each possible woodland category from one period to the
next were calculated. Finally, eigenvalues were used to convert these estimated transition
probabilities into annual values, which were used to populate a Markov-chain transition
matrix.

7.2 Theoretical model
It is assumed that conservation organisations aim to maximise the public value of a piece of
private land, where woodland types are described by  discrete states The woodland state
changes through time according to a Markov process and the () matrix of transition
probabilities. For instance, for two woodland states we have:
 ( )  ( )
( ) =   

 ( )  ( )

(1).

The elements  ! ( ) give the probability of the land in state " transitioning to state # after a

single period $. Conservation effort,  , is a measure of resources allocated to conservation.

The conservation organisation offers a contract that specifies the conservation effort,  , both
parties know the transition probability for a given level of effort. A contract specifying a higher
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level of landholder effort increases the probability of the woodland state improving towards
the target woodland state.
The conservation organisation has a belief about the initial probability of the current woodland
type given by a (1) vector %, known as the belief state. This is a realistic representation of
the many ecosystems that comprise a mosaic of different woodland classes. The organisation
can be uncertain about the correct classification or identification of a woodland state.
Furthermore, definitive woodland surveys, that would resolve this uncertainty, are often not
implemented prior to conservation scheme initiation due to their high costs, leading to the
need for a belief state vector.
The observation matrix, which is a function of monitoring effort  gives the accuracy of
monitoring. For two states the () observation matrix is given by:
' ( )
&( ) =   
' ( )

' ( )

' ( )

(2),

where the element '!( ( ) is the probability that if state ) is observed at the end of period $,

then the woodland at the end of period $ is in state #. If &( ) is an identity matrix then
monitoring is perfectly accurate. On the other hand, a uniform matrix is uninformative (i.e.
when '!( ( ) = 1/ ).

Increased monitoring effort raises the probability of a correct

observation. Monitoring reduces the uncertainty about which state the remnant is in, and
updates the prior probability, or belief state vector, to a posterior probability using Bayes rule:
∑- ,-./0 1-2 (3. )425 (6. )

(3).

%! = ∑

-,2 ,-./0 1-2 (3. )425 (6. )

The new belief state is a 1 vector of probabilities. In vector form, (3) can be rewritten as:
% = (%8 | ,  , ))

(4),

where (. ) is the belief transformation function. The belief state captures the history of all
past observations and actions.

7.2.1 Monitoring costs
Environmental monitoring can be either a definitive in-depth audit, or a limited inspection
giving a noisy signal (Heyes 2002). Methods for monitoring ecosystems and environmental
services range from potentially low-cost remote sensing methods such as satellite images, to
relatively high-cost field surveys (World Bank 1998). From past audits or ‘ground truthing’,
these methods are assumed to have established observation matrices. Monitoring cost is also
assumed to be related to the observation matrix. The quasi-convex monitoring cost function
 ; ( ) is therefore at a maximum when &( ) is an identity matrix; that is, when the state is
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observed with perfect accuracy.  ; ( ) = 0 when  = 0 and &( ) is a uniform matrix with

all elements equal to 1/.

7.2.2 The Conservation Organisation’s Problem
The conservation organisation’s objective is to maximise the expected present-value of the
social welfare function (Equation 5). The aim is to maintain or improve an area of land by
specifying both the organisation’s own monitoring effort and the landholder’s labour effort.
The conservation organisation’s objective can be represented by the following POMDP
mathematical programming problem:
<=% > = ?@4 3. ,6. ∑ ∑ %  =A ( ) −  ( ) −  ; ( )> 

(5a)

Subject to:
% = (%8 | ,  , ))

(5b)

%E = %F

(5c)

The first term A ( ) in (5a) gives the net benefit of the woodland being in state ", as a function
of et. This assumes the landholder’s labour effort partly determines the woodland state. The
term  ( ) gives the cost to the organisation for procuring landholder labour effort  .
Monitoring costs given by  ; ( ) depend upon the monitoring effort  .

The term   =

1⁄(1 + ") is the discount factor, which converts net benefits generated at time t to their

present-value at $ = 0, with " being the discount rate. High discount rates reduce the value of
any improvement in the woodland state, indirectly reducing the value of both labour effort
and monitoring. To simplify the notation in later sections, net-benefit is defined as:
 ( ,  ) = A ( ) −  ( ) −  ; ( )

(6).

7.2.3 Dynamic Optimisation
Unlike a Markov decision problem, which has a standard dynamic programming solution
(Puterman 1994), the solution to a POMDP problem is more difficult because the probability of
the system being in a particular state depends upon past monitoring and the resulting
observations.

The original solution introduced the notion of a belief state, where the

conventional states of Markov decision problem, namely  , are replaced by a belief state %
which is the vector of state probabilities (Smallwood and Sondik 1973). The solution entails
finding a set of actions which are optimal across the belief state (Cassandra 1995). In a
simplified form, the optimisation problem is to solve the following version of Bellman’s
equation:
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< (% ) = ?@4 3. ,6. ∑ %  K ( ,  ) + ∑! ∑(  ! ( )'!( ( )<L =(% | ,  , ))>M (7).

where < (% ) is the optimal value across the time horizon from $ to  starting with belief state

% . The optimal value comprises two components, the first being the expected immediate
reward and the second being the expected reward for the remaining periods. The term
 ! ( )'!( ( ) gives the joint probability of observing state ) when the previous state is " and
the current state is #.

Equation 7 is similar in construction to a standard stochastic dynamic programming model,
except for the presence of the belief state. For instance, if the initial state was known with
certainty and there was no monitoring, optimisation would proceed by maximizing the current
net-benefit, whilst accounting for the effect the action has on the expected value across the
remaining periods. This principle of optimality still holds in POMDP, but one has to solve the
problem across all possible belief states. This involves defining the optimal solution as a set of
action vectors which are each optimal for some belief state. This is illustrated with an
empirical example in the following chapter.
Solving the dynamic optimization presented in Equation 7 is complex, due to the difficulty of
determining < (% ). However, if we restrict  and  to a discrete set of values we can make

use of the fact that < (% ) is always piecewise linear and convex (Smallwood and Sondik 1973).
A modified dynamic programming algorithm can then determine < (% ) as a set of vectors
generated from different actions. This allows us to rewrite Equation 7 as:
(,. ,3. ,6. ,()

< (% ) = ?@4 3. ,6. ∑ %  O ( ,  ) + ∑! ∑(  ! ( )'!( ( )P!

($ + 1)Q (8).

where P!S ($) is a (1) policy vector, giving the expected payoff from an action across all
states. The superscript on the policy vector gives the optimal vector for a particular belief
state, and is formally defined as follows:
$(% ,  ,  , )) = ?'A ?S ∑ ∑! %   ! ( )'!( ( )P!S ($ + 1)

(9).

This returns a vector, denoted by the superscript U, giving the highest expected value for the
belief state as constrained by prior belief probability, action, and observation.

7.3 Transition probability estimation
7.3.1 Modelling ecological change
Markov-chains have been used to estimate and model the dynamic trajectories of ecosystems,
representing a stochastic process over a discrete state space (Barber 1978; Usher 1979). More
recently ecologists have developed Markov chains to represent the stability of a
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heterogeneous ecosystem over time as well as space (Li 1995). Methodology for employing
Markov chain models has been further developed, including methods for model calibration
(Logofet and Korotkov 2002), hidden Markov models (Tucker and Anand 2005), combination
with Monte Carlo simulation analysis (Roberts and Rosenthal 1998), and accounting for
observability and uncertainty (Williams 2009). These advances have enabled the analysis of
ecological succession over a range of ecosystems, from grasslands (Balzter 2000; Somodi et al.
2004), heaths (White 2005), and forests (Korotkov et al. 2001; Yemshanov and Perera 2002;
Benabdellah et al. 2003), to marine communities (Liu et al. 2006).
The analysis of ecosystems using Markov-chains may utilise either field or remotely sensed
data sources, often combining the two to improve modelling accuracy (Neeff et al. 2005).
Aerial photographs have previously been used as the basis for estimating transition
probabilities in Markov chain analysis (Li 1995; Hill et al. 2002). Aerial photographs give
historical perspective and can be combined with secondary information such as ground
surveys or maps (Martin et al. 2006). Modern satellite or Global Information System (GIS) data
can also be successfully matched with aerial photography (Hathout 2002; Weng 2002). GIS
analysis is developing rapidly due to easier access to and input of data (Logsdon et al. 1996),
improvements in matching land use to land cover (Brown et al. 2000), and better handling of
scaling effects (Li 2000).
The following section details the novel use of aerial photography for estimating transition
probabilities of change in environmental or woodland states, as described above for partially
observed Markov-chain decision process (POMDP) analysis. The estimation is performed for
the management of native woodland in the North Eastern Wheatbelt Regional Organisation of
Councils (NEWROC) region of Western Australia’s wheatbelt. The Western Australian
wheatbelt has received attention recently due to its agricultural and environmental
importance. The area contributes significantly to agricultural production as well as having
unique biodiversity that is under threat from salinity, large scale clearing, and consequent
landscape fragmentation. Further background on the NEWROC area and its native woodland is
provided in Chapter 5.
NEWROC woodland is typical of Australian eucalyptus woodland. The degradation and
recovery of eucalyptus woodland has been modelled by Yates and Hobbs (1997) as a discrete
stochastic process. For this study, the states and transitions identified by Yates and Hobbs
(1997) in eucalyptus woodland are simplified to four woodland states, specifically Undegraded
Woodland, Degraded Woodland1, Degraded Woodland2, and Agricultural (Figure 7-1). The
four woodland types can be described as:
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1. Undegraded woodland: Woodland with a generally intact shrubby understorey, a
heterogeneous litter layer, and friable, porous soil with possibly some annual weeds
(Undeg).
2. Degraded woodland 1: Woodland lacking perennial understorey, except for a few
unpalatable species. Ground layer comprised entirely of annual weeds. Litter absent and
soil compacted (Degw1).
3. Degraded Woodland 2: Mixture of endemic perennial grasses and annual weeds with a few
trees (Degw2).
4. Agricultural land: Rotations of annual crop and/or pasture species (Agric).
The model used by Yates and Hobbs, presented here in Figure 7.3-1, also illustrates the
degradation and recovery processes of NEWROC woodland. This model is used as the
foundation for the development of a POMDP model of environmental or woodland change
within NEWROC.

Undegraded Woodland

Degraded Woodland1

Degraded Woodland2

Agriculture

Figure 7-1 Transition and stable states of eucalyptus woodland (based on Yates and Hobbs
1997).
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7.3.2 Estimating ecological change
Ecologists have limited information about the links between conservation actions and long
term ecological change. The reasons for this are: first ecological change, especially increases in
biodiversity, takes many years; second there have been very few experiments on the effects of
actions such as fencing, weeding and stock exclusion on the condition of remnants. Therefore
it is necessary to infer the effects of unobserved actions from historical observations. The aim
of this procedure is to estimate values for the Markov transition matrices P(eX ), these matrices
can be incorporated into a POMDP model to address economic questions in conservation
planning about selecting remnants for conservation and designing monitoring schemes.
Time-series aerial photographs were used to identify attributes of native woodland in a section
of NEWROC. The area selected included approximately 209 fragmented blocks of woodland on
private land, varying in size and management regimes. Changes in the state of the woodland
and management were estimated by combining the time-series aerial photographs with onground calibration. Photographs were captured in 1962, 1972, 1984, 1996 and 2007. Aerial
photography was purchased from the Western Australia Land Information Authority
(Landgate). Imagery was 1:25000, orthorectified using ERDAS ER MAPPER to state road maps
provided by the Department of Agriculture and Food Western Australia. The specific steps in
converting aerial photographs data into Markov transition probabilities were: (1) entering the
images, (2) classifying image attributes, (3) converting attributes to states using principal
components analysis, (4) using regression analysis to link these state attributes with the
woodland model states indentified in Figure 7-2, and (5) converting transitions over time into
annual Markov-chain transition probabilities for unmanaged land. Figure 7-2 gives an example
of the final classification of remnants in NEWROC into Undeg, Degw1, Degw2 and Agric. These
techniques could equally be applied to other forms of remote imagery (Sadler et al. 2010). The
principal components analysis, regression and Eigen value matrix manipulations were
performed using the software package ‘R’.
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Figure 7-2 Example of classification of woodland states in the NEWROC area.

Blocks of remnant woodland in each aerial photograph were identified in 1962, and reidentified in 1974, 1984, 1996 and 2007. Remnants were scored by appropriate research staff
at UWA using the following attributes:
•

Depth of edge: Proportion of the distance from the edge of remnant to the centre that
shares a different image texture from the central area.

•

Dominant colour: Dominant colour within the remnant is 1 if darker or black, and 0 if
pale. A darker colour would indicate more woodland biomass.

•

Edge definition: How well-defined the edge of the remnant is compared with the
surrounding landscape matrix. A lower score means the remnant blends with the
surrounding land, so is unlikely to be fenced (and hence not protected from grazing by
stock).

•

Homogeneity: Degree of variability within the remnant, with 0 being low variability
and 1 high. Higher variability indicates more disturbance or ‘patchiness’ within the
remnant.

•

Joined: Joined to another remnant.

•

Patterning: Type of patterning within remnant; lines, rounded or mixed. Lines indicate
sheep tracks, round indicates tree or shrub canopies.

•

Remnant area: Proportion decrease in remnant area. Land within the original remnant
which has been cleared for agricultural production.
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•

White space: Quantity of white space within the remnant. If white space dominates
the area, the land is more likely to be poorly vegetated, e.g. grassland or agricultural
land.

Table 7-1 details the scoring system for the remnant attributes. Attribute scores were
transformed to a 0 to 1 scale to allow for comparison. Table 7-2 gives an example of
transformed attribute scores for a sample of remnants in 1962.

Table 7-1 Scoring system for remnant woodland attributes.
Classification Attributes
White space

Dominant colour

Homogeneity

Patterning

Edge definition

Depth of the edge effect
Join to another remnant
Partial view of polygon (PV)
Remnant Area

Scalar
All
Most
Part
Minimal
Black
Dark grey
Light grey
White
High variability
In-between variability
Low variability
Lines
Mix
Rounded
Defined
Moderate
Undefined
% of distance to centre
Yes
No
Yes
No
% decrease in polygon area
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Reference Number
3
2
1
0
3
2
1
0
2
1
0
2
1
0
2
1
0
%
1
0
1
0
%

Table 7-2 A selection of attribute scores and the attributed woodland state for a subsample of
remnant woodland blocks photographed in 1962.
Remnant
number
1
2
3
4
5
6
7
8
9
10

Depth of
edge
0.2
1.0
1.0
0.1
0.2
1.0
1.0
0.2
1.0
0.1

Dominant
colour
1.0
0.0
0.0
1.0
1.0
0.0
1.0
1.0
0.0
1.0

Edge
definition
0.5
0.0
0.0
1.0
0.5
0.0
0.0
0.5
0.0
1.0

Joined

Pattern

1.0
0.0
0.0
0.0
0.0
1.0
1.0
0.0
0.0
0.0

0.5
0.0
0.0
0.0
0.0
0.5
0.5
0.5
0.0
0.5

Woodland
State
2
4
4
2
2
3
4
2
4
2

Principal components analysis has previously been applied to woodland classification to
identify states or categories (Hirosawa et al. 1996; Lasaponara 2006). Principal components
analysis involves an orthogonal linear transformation to give a new coordinate system, where
the greatest variance is described by the first coordinate (called the first principal component),
the second greatest variance by the second coordinate, and so on (Jolliffe 2002). Principal
components analysis calculates the optimal, or least squares, data transformation. Clusters or
categories within the data can then be identified from the principal components.
Principal components analysis for NEWROC was used to classify the 869 observations of
remnant woodland into four categories or woodland states. Table 7-3 summarises the
principal components identified. The assigned woodland category or state is given in the final
column of Table 7-2 for the sample of 1962 remnants. Table 7-4 shows the loading or
contribution of each remnant attribute to each principal component. This highlights the
importance of depth of edge, dominant colour and edge definition in initial classification, with
other attributes such as homogeneity and patterning distinguishing finer levels of
classification. Figure 7-3 illustrates the clusters of observations if two, or up to seven
categories, are applied to the data. Each number in the Figure corresponds to a category, the
tighter the cluster of numbers and less overlap with other categories the more distinct the
category is from the other observations and categories. A model of woodland change with four
categories of woodland (as per Figure 7-2 above) describes 84% of the variation in the
observations. Selecting four woodland states therefore describes the majority of the variance
in the observed woodland attributes, without going beyond the limitations of the data set and
woodland system.
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Table 7-3 Summary of components of principal components analysis of remnant attributes for
classification.

Standard deviation
Proportion of variance
Cumulative proportion
Standard deviation
Proportion of variance
Cumulative proportion

Comp.1
2.03
0.46
0.46
Comp.6
0.58
0.04
0.94

Comp.2
1.21
0.16
0.62
Comp.7
0.55
0.03
0.97

Comp.3
1.02
0.11
0.73
Comp.8
0.46
0.02
0.99

Comp.4
0.97
0.11
0.84
Comp.9
0.22
0.01
1.00

Comp.5
0.74
0.06
0.90

Table 7-4 Loadings for each component of principal components analysis of remnant attributes
for classification.

Depth of
edge
Dominant
colour
Edge
definition
Homogeneity
Joined
Pattern
Partial view
Remnant
area

Com.1
0.45

Com.2
0.15

Com.3

-0.40

-0.14

0.12

-0.42
-0.19
-0.16
-0.23
0.41

0.16
0.68
0.11
0.63

-0.11
0.50
0.80
0.20

Com.4

Com.5
-0.19

Com.6

-0.56

Com.7
-0.32

Com.8
0.45

Com.9
0.65

-0.60

0.20

-0.30

-0.12

-0.45

0.26

0.59

0.13
0.34
-0.19
0.13
-0.43

0.63

-0.19

-0.76
0.10
0.58
-0.19
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0.42
-0.19

-0.70
-0.75

Figure 7-3 Comparison of number of categories in Principal components analysis of remnant
attributes for classification, each number represents a different classification group.

A regression tree was used to describe the characteristics of the four categories of remnant
woodland identified by the principal
princip components analysis (Figure 7-4
4) (Breiman et al. 1984;
De'ath and Fabricius 2000).
2000). The four woodland categories were then qualitatively allocated,
based on theirr attributes, to one of the woodland states:
states Undegraded woodland, Degraded
woodland 1, Degraded woodland 2 or Agricultural land.
land The regression analysis in Table 7-5
shows the contribution and significance of depth of edge and remnant
remnant area to the principal
princip
components classification of the remnant state.
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Depth_Edge < 0.65
|

Rem_Area < 0.375
Depth_Edge < 0.425
2.000

3.000

Undeg

Rem_Area < 0.55
3.000

4.000

Degw2

Agric

1.035

Degw1

Figure 7-4 Remnant classification into states by regression tree.

Table 7-5 Regression analysis of remnant attributes for classification.
Coefficients
Estimate
Std. Error
(Intercept)
1.798
0.041
Depth of Edge
2.658
0.087
Dominant Colour
0.105
0.041
Edge Definition
-0.059
0.048
Homogeneity
-0.569
0.044
Joined
-0.088
0.025
Pattern
0.025
0.061
Remnant Area
-0.660
0.046
White Space
0.064
0.092
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

t value
43.677
30.663
2.578
-1.231
-12.819
-3.582
0.409
-14.341
0.693

Pr(>|t|)
< 2e-16
< 2e-16
0.010
0.219
< 2e-16
0.000
0.683
< 2e-16
0.488

***
***
*
***
***
***

The attributes of the woodland classes identified by the regression analysis are matched to the
specific descriptions of state indentified by the principal components analysis. Undegraded
woodland (Undeg) is matched to the state with a depth of edge effect less than 65% and loss
of remnant area below 37%. This is interpreted as the edge or boundary of the site not being
degraded through factors such as wildlife or livestock grazing, nutrient or water competition
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from cropping, or collection of firewood. The minimal loss of remnant area refers to the
proportion of the original 1962 site lost to agricultural production during the period. Degraded
woodland 1 (Degw1), the less degraded of the two degraded woodland categories, is allocated
to the state with the same depth of edge effect as Undeg (less than 65%) but a loss of remnant
area above 37%. This means Degw1 has woodland at the boundary, but is more likely to have
shrunk in size than Undeg. Degraded woodland 2 (Degw2), the highly degraded category, has a
depth of edge effect above 65% and a loss of remnant area below 55%. Agricultural land
(Agric) has a depth of edge effect above 65% and loss of remnant area above 55%. Both Degw2
and Agric sites had lost woodland due to influences at the boundary, with Degw2 retaining
more of its original size.
The change in woodland state for each remnant between aerial photographs was compiled
into a Markov-chain transition matrix. For example, the woodland state in 1962 and the state
in 1972 of a remnant were recorded as a single transition taking 10 years. Between 1962 and
1972, 1972 and 1984, 1984 and 1996, and 1996 and 2007 there were a total of 476 observed
state transitions from the 209 remnants.
The different time frames of transition were decomposed to annual transition matrices using
an Eigen value method (Craig and Sendi 2002). Eigen values Y form an NxN scalar matrix Z

which when multiplied by the transition probability matrix [ gives the observed transition
matrix ( ) (Equation 10). The Eigen values for different transition probability matrices of
timeframe $ can be decomposed to an annual time frame (Craig and Sendi 2002). The annual

transition probability matrix for each time step can then be grouped into a single matrix
representing the entire period of 1962 to 2007. The annual matrix can also be transformed
into other time frames using these techniques.
(10)

( ) = [Z [8

The annual transition probability matrix calculated is assumed to be the probability of
transition without management as funded conservation programs and active management did
not occur for the majority of the aerial-photography timeframe (Table 7-6). The probability of
transition with management is estimated from the without management case for a five year
period (Table 7-7). The conservation organisation is assumed to be able to offer two contracts,
a low labour effort Maintain contract or a high labour effort Reveg contract. The Maintain
contract is assumed to maintain the current state of the woodland by preventing the land from
being used for agricultural production and becoming the state Agric at the end of the period. A
Reveg contract is assumed to specify revegetation of the woodland, preventing it from
remaining or becoming Agric or Degw2 at the end of the contract.
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Table 7-6 Annual transition probability matrix for remnant woodland states in NEWROC 1962
to 2007.

Undeg
Degw1
Degw2
Agric

Undeg
0.92
0.05
0.01
0.01

Degw1
0.01
0.51
0.04
0

Degw2
0.01
0.2
0.95
0.01

Agric
0.06
0.24
0
0.98

Table 7-7 Five year transition probability matrix for remnant woodland states in NEWROC 1962
to 2007.

Undeg
Degw1
Degw2
Agric

Undeg
0.83
0.15
0.09
0.07

Degw1
0.03
0.17
0.09
0.01

Degw2
0.04
0.32
0.75
0.09

Agric
0.10
0.36
0.07
0.83

The transition probability matrix identifies which states will be recurrent, returning to their
original state " at some point in the future. It also can identify communication between states,

measured as the time taken to return to a recurrent state " given that the probability of being

in state # having started in state " is positive. The transition probability matrix itself can also be
identified as recurrent in long-term decision making. Analysis of the transition probability
matrix and the with-management transition probability matrices are detailed in Chapter 8.

A number of limitations to the approach used for estimating the transition probability exist.
The resolution of the aerial photography may have restricted the accuracy of attribute
measurement. The scoring of woodland attributes and linking of identified woodland
categories with woodland states was performed by individuals, not automated. The
consistency and independent reproduction of the results is therefore limited by subjectivity.
The use of an established woodland model may also artificially constrict or extend the number
of woodland categories present. Also, the choice of four woodland categories for the principal
components analysis may have artificially limited or increased the number of woodland states
naturally in the ecosystem.

7.4 Summary
Partially observable Markov-chain decision processes (POMDP) are a useful technique for
analysing the process of transition between different states of woodland quality, as part of an
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analysis of investments in conservation on private land. POMDP helps the conservation
organisation to maximise the net present value of the environmental outcome over the
decision horizon, for all possible probabilities for the initial woodland states. POMDP also helps
determine actions in subsequent decision periods by taking into account possible investments
in independent monitoring and contract assessment of the site.
The POMDP model’s structure means it only captures the conservation organisation’s
perspective on the optimal decision. Importantly, the model represents landholders as always
complying with the contract. However, environmental outcomes vary depending on the
transition matrix associated with each investment option for the conservation organisation.
The optimal payment amount of a payment-for-outcomes contract is also likely to vary
depending on the woodland state observed with assessment. The transition probability matrix
could incorporate the possibility of non-compliance as a lack of improvement in the woodland
state.
Estimation of woodland state transition probabilities within NEWROC using aerial
photography, principal components analysis, regression, and Eigen values is a novel method.
The approach described gives a more independent estimate of woodland change compared
with expert opinion, as it covers a long time frame, and limits subjective assessment. In the
following chapter, the estimated transition probabilities presented in Table 7-7, are combined
with additional information to complete a POMDP analysis of payment for actions and
payment for outcomes using field and remote monitoring technology in NEWROC.
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Chapter 8.

Results for Markov-chain analysis of

conservation contracts in Western Australia
8.1 Introduction
Partially observable Markov-chain decision process (POMDP) analysis can be used to
determine a conservation organisation’s optimal investment in the provision of environmental
services by private landholders. The basic elements of POMDP are the set of states woodland
can exist in, the action(s) that can be undertaken to change the state, and the transition
probabilities, meaning the probability of woodland moving between different states given the
action(s) taken and the initial state. POMDP calculates the return on investment for each
action or sequence of actions available to the conservation organisation over the decision
timeframe. The return is computed from the transition probability matrix for the woodland,
given the decision choice and the costs and returns for each decision and woodland state.
POMDP methodology is described in Chapter 7, together with a process for estimating
transition probability matrices for an application of POMDP analysis to the North Eastern
Wheatbelt Regional Organisation of Councils (NEWROC).
POMDP analysis also incorporates the optimal investment in monitoring of the site, and the
effects of uncertainty about the initial state. Monitoring during a period informs the
conservation organisation about the current state of the woodland and enables them to make
more informed decisions in future periods. Monitoring may give inaccurate information. This
can lead to the conservation organisation’s return on monitoring decreasing. Uncertainty due
to inaccurate information is considered in POMDP analysis. POMDP also considers uncertainty
about the initial state, by determining the optimal actions for possible probabilities of the
initial state. The conservation organisation can then make decisions based on their beliefs
about the initial state.
This Chapter uses POMDP to investigate a hypothetical conservation organisation’s optimal
investment in payment for actions and payment for outcomes in the NEWROC region. The
contracting process of a payment-for-actions and payment-for-outcomes contract is outlined
in Figure 8-1. Payment for actions pays the landholder for undertaking agreed actions
regardless of the woodland state of the land at the end of the contract. Payment for outcomes
ties the payment amount to the woodland state observed at the end of the contract based on
society’s valuation of this woodland type. The study investigates two possible levels of action
by the landholder within a payment-for-actions or payment-for-outcomes contract. One is for
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a small improvement or maintenance of the current woodland quality, and the second to
significantly improve it through revegetation. The use of independent monitoring of the site,
either by an on-ground expert or remote imagery, is also examined.
POMDP describes the conservation organisation’s optimal decision when contracting with a
compliant landholder with known probability of improving the woodland state. Results
indicate that payment for actions and large-scale payment for outcomes are only viable when
the value of the woodland is very high or the cost of undertaking contracted work is
exceptionally low. Payment for outcomes is preferred to payment for actions in the NEWROC
scenario due to the lower payment cost and information gained through monitoring. In the
base-case scenario, when the decision timeframe1 is ten years or more, the conservation
organisation’s optimal strategy is to contract the landholder to minimally improve agricultural
land for five years. Monitoring enables the conservation organisation to reduce the cost of a
payment-for-outcomes contract compared with a payment-for-actions contract. Monitoring is
also employed to improve decision making in situations where the woodland state is
uncertain.

1 The decision timeframe is defined as the number of years over which benefits and costs are
accounted for. It is not the same as the duration of the conservation contract, which is
assumed to be five years.
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Contract Negotiated

Contract Signed

On-ground Works
Benefit (A)

Ecological change ()

Optional Monitoring
Monitoring ( ; )

Payment (, )

Contract ends

Figure 8-1 contracting process of a payment-for-actions () or payment-for-outcomes ()
contract between a conservation organisation and landholder, as analysed using a Markovchain.

8.2 Background
The Western Australian wheatbelt is significant for its high biodiversity, and is under threat
from salinity, grazing, and large-scale clearing (Hancock et al. 1996). NEWROC comprises the
shires of Koorda, Mount Marshall, Mukinbudin, Nungarin, Trayning, Westonia and
Wyalkatchem. NEWROC is divided into an Intensive2 Land-use Zone for agricultural production
(69%) and an Extensive land use zone for pastoral grazing (31%). In 2002, 12% of the overall
NEWROC Intensive agricultural land use zone was native woodland. The proportion of native
woodland in NEWROC shires ranges from 5% in the south-west shire of Wyalkatchem, to 21%
in the eastern most shire of Westonia (Shepherd et al. 2002). Refer to Chapter 5 for
background on NEWROC and information about the landholders and conservation activities in
the area. Figure 8-2 and Figure 8-3 give photographic examples of undegraded and
revegetated eucalyptus woodland in Western Australia. A larger set of photographs of
eucalyptus woodland in various states is given in Appendix 2.

2

The “Intensive” zone would be considered highly extensive in most parts of the world, with

average farm sizes of around 4000 ha.
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Figure 8-2 An example of degraded remnant eucalyptus woodland in Western Australia.

Figure 8-3 An example of revegetated eucalyptus woodland in Western Australia, ten years
after revegetation work took place.

Remnant woodland within NEWROC is broadly typical of Eucalyptus woodlands in Australia.
Yates and Hobbs (1997) detail the state of Eucalyptus woodlands in southeast and southwest
Australia. These woodlands have been extensively cleared and are often badly degraded due
to livestock grazing. Currently it is estimated that only 10% of Eucalyptus loxophleba (York
gum) and 20% of Eucalyptus salmonophloia/Eucalyptus salubris (salmon gum/gimlet)
woodlands remain in Australia (Saunders et al. 2003). Woodland in the south-east of Australia
declined to 5% of its original extent in 2000, with a quarter of remnant patches being
frequently-grazed areas of less than 5 hectares (Duncan and Dorrough 2009). In 1984 it was
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estimated that 97% of York gum–salmon gum–wandoo woodlands and 78% of salmon gum–
gimlet woodlands have been cleared for agriculture in Western Australia (Beard and Sprenger
1984).
Studies show that the removal of degrading factors such as grazing and weeds may be
insufficient to restore woodlands. Restoring woodland requires revegetation actions such as
tree planting, soil ripping and removal of adult trees. Yates and Hobbs (1997) have identified
the current spectrum of stable woodland states that exist in Eucalyptus salmonophloia
woodlands and the actions required to shift the woodland areas from one state to another.
The actions required and probability of their success in restoring the woodland quality is
largely dependent on the current state of the woodland and its ability to shift to another state.
Remnant woodland in the NEWROC area is highly fragmented due to agricultural clearing and
degraded due to weeds, livestock grazing and firewood collection. Together with the impact of
dryland salinity, these impacts result in high levels of habitat loss. The fencing of remnant
woodland to prevent livestock and feral grazing may be insufficient to return degraded
woodland to an undegraded state. Extensive revegetation and weed control would likely be
required to achieve this shift. The interaction of states and land-use actions for NEWROC
eucalyptus woodland for this case study are shown in Figure 8-4. This figure was also
presented in Chapter 7 to illustrate the calculation of the probability of transition between
woodland states. The contract to improve the site, “Reveg” or “Maintain”, is intended to lead
to improvement in the woodland state. The probability of improvement or degradation is
detailed in the section 8.3.2. These contracts and the woodland states are described in detail
in the section 8.3.1.
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Undegraded Woodland
Revegetation
Maintenance

Revegetation, Maintenance
or No Contract

or

Degraded Woodland1
Revegetation
Maintenance

or

Maintenance or No
Contract
Degraded Woodland2

Revegetation
Maintenance

or

No Contract
Agriculture

Figure 8-4 Stable states and transitions of NEWROC eucalyptus woodland (based on Yates and
Hobbs 1997).

8.3 Ecological change
8.3.1 Ecological states
As described in the previous chapter, the Markov chain decision process model represents
woodland types as  discrete qualitative states  = 1, … , . The predominant woodland type
in NEWROC prior to European settlement and clearing was Eucalyptus woodland. The
woodland communities or states of the eucalyptus woodland in Australia are classified by
Yates and Hobbs (1997) into 8 woodland communities. In this study, the eight communities
have been classified into four states:
1. Undegraded Woodland: Woodland with a generally intact shrubby understorey, a
heterogeneous litter layer, and friable, porous soil with possibly some annual weeds
(Undeg).
2. Degraded Woodland 1: Woodland lacking a perennial understorey, except for a few
unpalatable species. Ground layer comprised entirely of annual weeds. Litter absent
and soil compacted (Degw1).
3. Degraded Woodland 2: Mixture of endemic perennial grasses and annual weeds with a
few trees (Degw2).
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4. Agricultural Land: Rotations of annual crop and/or pasture species (Agric).
The benefits and costs to society from the different woodland states are based on valuations
from similar woodland communities in eastern Australia. On average, individuals within New
South Wales (NSW) were willing to pay $75 per hectare for management of remnant native
woodland in the Murray catchment area, and Victorians were willing to pay $72/ha in the
North-east region of Victoria (Lockwood et al. 2000). In both studies, remnant native woodland
was to be managed for 40 years, including fencing large remnant woodland blocks, a
prohibition on clearing, and restrictions on grazing and collecting timber. Management of the
Murray catchment’s 203,429 hectares of remnant woodland within NSW was estimated to
provide a benefit of $75.6 million on aggregate to the NSW population over the 40 years,
equating to approximately $30 per hectare per year. Management of the 113,313 hectares of
remnant woodland in North-eastern Victoria was estimated to benefit Victorians by $60.7
million over 40 years, or approximately $40/ha/year.
The Victorian remnant woodland was of a higher quality than NSW woodland. In North-eastern
Victoria, half the remnant woodland was of medium quality, nearly half of high quality and
only a small proportion classified as low quality. In the NSW Murray catchment, two-thirds of
the woodland is medium quality, about one quarter is high quality, and one tenth is low
quality. Quality was measured based on intactness, presence of tree hollows, presence of
fallen timber, extent of overstorey regeneration and extent of overstorey dieback. Based on
these estimates, the benefits of vegetation in the NEWROC region of Western Australia and
NEWROC are assumed to be $40/ha/year from Undeg, and $30/ha/year from Degw1. Degw2
and Agric are assumed not to provide any biodiversity benefits to society. (Note that this
assumption differs from what would be common practice in a number of other developed
countries, where biodiversity within agricultural fields is a priority. In the Australian context,
biodiversity in agricultural fields is usually considered to be insignificant relative to that within
native woodland.)
The assumed values for NEWROC woodland are aligned with the expenditure of Western
Australian Department of Environment and Conservation in managing State forest reserves in
2008/09. The Department had an annual budget of $30/ha/year to manage State Forest and
Timber Reserves, with actual expenditure being $41/ha/year (Department of Environment and
Conservation 2009). Of course, these numbers are only very crudely indicative of social values.
The non-market valuation results from New South Wales and Victoria are considered to be
better indications. The impact of higher valuations of woodland is investigated using sensitivity
analysis presented in sections 8.5.3 and 8.5.4.
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Private landholders frequently identify the ecological, aesthetic and recreational benefits they
receive from managing remnant woodland, as well as the agricultural production advantages
(Lockwood et al. 2000; Moore and Renton 2002). Research to date has not quantified these
non-agricultural benefits, rather estimating opportunity costs associated with not clearing. In
this study, the landholders’ value of the improvement in woodland is assumed to be
incorporated into the estimated cost to the conservation organisation of engaging private
landholders to undertake conservation work. The payment required is assumed to incorporate
both direct and indirect costs and benefits as well as any intangible costs and benefits accruing
to the landholder. Estimates of the payments are given in the next section.

8.3.2 Conservation organisation actions
Action choices are defined similarly to states, with a set of [ discrete actions ? = 1, … , [ .
Yates and Hobbs (1997) identify 16 transitions between their 8 woodland states due to various
actions taken by landholders and/or the conservation organisation. These 16 transitions have
been simplified into 3 actions available to the conservation organisation when contracting with
a private landholder:
1. Revegetation: a contract with the landholder for intensive revegetation work and
maintenance to improve the biodiversity condition of existing remnants of native
woodland or establishment of new sites (Reveg);
2. Maintenance: a contract to maintain the existing biodiversity condition of remnant
native woodland (Maintain); or
3. No Contract: not entering into any contract, i.e. the status quo of voluntary
revegetation works, grazing, etc. at the landholder’s discretion (No Contract).
The Revegetation (Reveg) contract requires the landholder to undertake actions including
fencing remnant woodland blocks, planting woodland species, controlling weeds, and
prohibition of grazing and collecting timber. These actions are typical of intensive revegetation
schemes such as the Auctions for Landscape Recovery in WA (Gole et al. 2005). Maintenance
(Maintain) requires the landholder to fence remnant native woodland, with limited grazing
and limited collection of firewood or fence post timber allowed (Lockwood et al. 2000). Each
action has associated benefits and costs, and an expected impact on the transition between
woodland states. The action choice by the conservation organisation changes the net benefit
( ( ,  )) by altering the cost of the action choice ( ( ) and the benefits of the woodland

state to society as described above (A ( )). The Northern Agricultural Catchments Council

states they would provide landholders to the north of NEWROC with $1000/ha as a one off
payment for revegetation and $1150 to $3450/km for fencing depending on total fenced area
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and fence type (Northern Ag Catchm Council 2009). Sites are inspected by a local expert and a
minimum 75% survival rate for trees must be achieved to receive payment. The Northern
Agricultural Catchments Council also pays $30/ha/year for weed control and $40/warren for
rabbit control with warren ripping. Auctions revealed NEWROC landholders have similar costs
for revegetation work to those in the Northern Agricultural Catchment, a one off payment of
$875 for a 3 year contract (Gole et al. 2005). In this study, revegetation contracts (Reveg) are
assumed to cost the conservation organisation $350 per hectare per year based on the
Northern Agricultural Catchments Council and NEWROC estimates for revegetation of
eucalyptus woodland. Maintenance contracts (Maintain) are assumed to cost the conservation
organisation $30 per hectare per year based on the Northern Agricultural Catchments Council
for weed control (Northern Ag Catchm Council 2009).
In the model, an action leads to a change in the state according to a Markov process and an
() matrix of transition probabilities. Each element  ! ( ) gives the probability of the land

in state " being in state # after a single period $. The transition probability matrix in Table 8-1
gives the predicted end state of the woodland given the starting state for each action and a
five years decision timeframe. The No Contract matrix is estimated from aerial photography of
NEWROC as described in the previous chapter and presented in Table 7-7. The transition
probabilities are average NEWROC values, incorporating differences in topography, climate,
landholder skill, and landholder compliance across the region.
Estimates for Maintain and Reveg are calculated based on the No Contract matrix. The
Maintain contract is assumed to prevent the land from being used for agricultural production
and becoming the state Agric at the end of the period. With a Maintain contract, the
probability of the land being Agric at the end of the period for No Contract is reallocated to
Undeg, Degw1 and Degw2 based on the probability of these states occurring. For example,
with No Contract there is a 7% probability of Degw2 land being Agric at completion of the
period. With a Maintain contract the probability of Degw2 becoming Agric at the end of the
period is zero. The 7% probability previously assigned to Agric is distributed across Undeg,
Degw1 and Degw2 according to their probability of occurring with No Contract. In this case, it
is an additional 1% to Undeg, 1% to Degw1 and 5% to Degw2. Leading to the probability of
Degw2 being Undeg at completion of the Maintain contract being 10%, Degw1 10% and
Degw2 80%. A Reveg contract is assumed to prevent the woodland remaining or becoming
Agric or Degw2 at the end of the period. The probably of Agric and Degw2 is then reallocated
as in the Maintain example. The long-term matrices for each contract is analysed in section
8.4.
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Table 8-1 Probability matrix of transition between woodland states for each action over a five
year period.
No contract
Initial state
Undeg
Degw1
Degw2
Agric
Maintain contract
Initial state
Undeg
Degw1
Degw2
Agric
Reveg contract
Initial state
Undeg
Degw1
Degw2
Agric

Undeg
0.83
0.15
0.09
0.07

Final state
Degw1
0.03
0.17
0.09
0.01

Degw2
0.04
0.32
0.75
0.09

Agric
0.10
0.36
0.07
0.83

Undeg
0.92
0.23
0.10
0.42

Final state
Degw1
0.04
0.26
0.10
0.04

Degw2
0.04
0.60
0.80
0.54

Agric
0
0
0
0

Undeg
0.96
0.47
0.49
0.91

Final state
Degw1
0.04
0.53
0.51
0.09

Degw2
0
0
0
0

Agric
0
0
0
0

8.3.3 Monitoring
“Monitoring” refers to the conservation organisation observing the state of the vegetation at
the end of the contract period. The observation recorded is used to determine future
contracted actions and the payment amount in a payment-for-outcomes contract. A paymentfor-actions scheme is assumed to pay the full contract cost, provided that the agreed actions
are undertaken. The payment does not depend on the results of monitoring vegetation
condition.
In a Payment-for-outcomes contract the final payment to the landholder depends upon the
woodland state at the end of the contract. For a Reveg contract, if Undeg is observed, the
landholder receives the full payment amount, $350/ha/year as detailed in section 8.3.2 above.
However, if Degw1 is observed, the payment is reduced by 25% to $260/ha/year, and if Degw2
or Agric is observed the payment is zero. A Maintain contract pays the landholder the full
$30/ha/year if Undeg is observed at completion of the contract, $22/ha/year if Degw1 and
zero if Degw2 or Agric are observed. The discount to the landholder payment is the same
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proportion as the discount for society’s valuation of Degw1, Degw2 and Agric compared with
Undeg.
The combinations of conservation contract type and monitoring effort give six different action
options for the regulator to choose from:
1. No Contract-Monitor
2. Maintain-Monitor
3. Reveg-Monitor
4. No Contract-No Monitor
5. Maintain-No Monitor
6. Reveg-No Monitor.
All six options are possible whether the contract is based on payment-for-actions or paymentfor-outcomes.
Undertaking monitoring is costly and does not necessarily provide perfect information about
the woodland state. This study investigates the optimal monitoring decision (whether to
monitor or not), with a choice between on-ground monitoring by an expert with knowledge of
the local ecosystem, or monitoring by remote sensing using satellite imagery. Monitoring is
estimated to cost (cm) $8 per hectare per period when using field visits by a local expert (Gole
et al. 2005), and $1 per hectare per period for remote sensing. The () observation matrix,
which is a function of monitoring effort  , specifies the accuracy of monitoring. Each element
'!( ( ) is the probability that if state ) is observed, the woodland at the end of period $ is #,

i.e. how accurately the end woodland state is observed. Reviews of agri-environmental policy
monitoring conclude that monitoring to assess ecosystem change incurs significant costs and is
prone to inaccuracy in the form of misclassifications of woodland types (Hooper 1992; National
Audit Office 1997; World Bank 1998). Remote sensing is seen to accurately identify grassland
types 64% of the time (Peterson et al. 2002) and accurately map grass cover density 89% of
the time (Zha et al. 2003). The observation matrix of all actions for field monitoring is given in
Table 8-2 and for remote sensing monitoring in Table 8-3.
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Table 8-2 Probability matrix of accurate observation for field monitoring.

Actual
state

Undeg
Degw1
Degw2
Agric

Undeg
0.95
0.05
0
0

Observed state
Degw1
Degw2
0.05
0
0.9
0.05
0.05
0.9
0
0.05

Agric
0
0
0.05
0.95

Table 8-3 Probability matrix of accurate observation for field monitoring.

Actual
state

Undeg
Degw1
Degw2
Agric

Undeg
0.75
0.15
0
0

Observed state
Degw1
Degw2
0.25
0
0.7
0.15
0.15
0.7
0
0.25

Agric
0
0
0.15
0.75

An annual discount factor of   = 0.93 (discount rate of seven percent) is assumed for all
analysis. This discount rate was applied for consistency with the valuation of NEWROC
woodland based on the valuation of native remnant woodland in NSW and Victoria that
applied a discount factor of 0.93 (Lockwood et al. 2000).

8.4 Analysis of Markov-chain
Exploring the characteristics of the transition probability matrix for each action available to the
conversation organisation gives an indication of the ecological processes occurring. The fiveyear probability matrices for woodland change for the actions No Contract, Maintain, and
Reveg are shown in Table 8-1. The infinite repetition of the actions, or their long-term
probability matrix, is detailed in Table 8-4. The probability matrix for No Contract is irreducible
as every state can be reached from every other state within two periods (Taha 1997). There
are no absorbing states within the matrices of any action, meaning no state has a zero
probability of exiting or changing once the land is this state.
The first return time describes the persistence or recurrence of a state. The first return time is
the number of steps before the system returns to its original state. For the action No Contract,
all states are transient with a probability of at least one return in a 500-year period of 0.28 for
Agric, 0.20 for Degw2, 0.04 for Degw1 and 0.25 for Undeg. This indicates that the most
recurrent states of woodland without management are Agric and Undeg. For a Maintain
contract, Undeg, Degw1 and Degw2 are transient states, while Agric is not recurrent. The
probability of at least one return in 500 years is 0.24 for Degw2, 0.07 for Degw1 and 00.38 for
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Undeg. Reveg has only Undeg and Degw1 as transient states, Degw2 and Agric do not recur.
The probability of at least one return in a 500 year period is 0.48 for Undeg and 0.07 for
Degw1. The most recurrent states are Agric for No Contract, and Undeg for Maintain and
Reveg.

Table 8-4 Probability matrix of transition between woodland states for each action over 100
year period.
No Contract

Initial state

Undeg
0.33
0.33
0.33
0.33

Final state
Degw1
0.04
0.04
0.04
0.04

Degw2
0.25
0.25
0.25
0.25

Agric
0.38
0.38
0.38
0.38

Undeg
Degw1
Degw2
Agric

Undeg
0.61
0.61
0.61
0.61

Final state
Degw1
0.08
0.08
0.08
0.08

Degw2
0.31
0.31
0.31
0.31

Agric
0.00
0.00
0.00
0.00

Undeg
Degw1
Degw2
Agric

Undeg
0.92
0.92
0.92
0.92

Final state
Degw1
0.08
0.08
0.08
0.08

Degw2
0.00
0.00
0.00
0.00

Agric
0.00
0.00
0.00
0.00

Undeg
Degw1
Degw2
Agric

Maintenance Contract

Initial state

Revegetation Contract

Initial state

8.5 Results and discussion
The conservation organisation aims to maximise the public value of land where various
woodland communities can exist, based on their decision about contracting with the
landholder. Monitoring enables the conservation organisation to make a more informed
decision, but is only used when there is an expected return greater than the cost incurred.
Monitoring was also used within payment for outcomes for determining the payment amount.
Results are presented as sets of action sequences (known as action vectors) using flow
diagrams or policy graphs. The net present value of each action vector is also presented in
tabular format. The analysis was run for a 5-year payment-for-actions or payment-foroutcomes contract with either a low-outcome and low-cost Maintain or high-outcome and
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high-cost Reveg action. The optimal use field or remote monitoring is investigated. Also, the
optimal action choice for the conservation organisation over different contract lengths is
assessed. The decision timeframe is the number of years the conservation organisation
receives the benefit of the woodland state being Undeg, Degw1, Degw2, or Agric. For example,
a 25-year decision timeframe means the conservation organisation receives the benefit of the
woodland state being Undeg, Degw1, Degw2 or Agric for 25 years, and can contract the
landholder for up to five 5-year contracts. The decision time frame is measured in 5-year
periods based on the 5-year contract.
Sensitivity analysis is also conducted into the impact of higher valuations of Undeg and Degw1
woodland and a lower cost for the contract on the optimal action sequence for the
conservation organisation considering a 5-year contract over a 25-year decision timeframe.

8.5.1 Payment for actions
The optimal decision for the conservation organisation when considering offering a 5-year
payment-for-actions contract for any decision time frame, is not to offer a contract (No
Contract) and not to monitor (No Monitor). The expected net present value of this decision for
a single 5-year contract and five year decision timeframe is $152/ha if the land is initially
Undeg, $85 if Degw1, $13 Degw2 and $6 if Agric (values for all woodland states only include
public environmental values, not landholder values). Table 8-5 gives the net present value of
the optimal 5-year No Contract-No Monitor decision for a 5-year decision timeframe, up to a
50-year decision timeframe. It shows that even over the long-term payment-for-actions
contracts do not provide a positive return to the conservation organisation. The benefit to the
conservation organisation from improving the woodland state by Maintain or Reveg is less
than the cost incurred for contracting with the landholder over any decision timeframe. It is
optimal for the conservation organisation to abandon woodland to naturally decline rather
than offer a payment-for-actions contract in NEWROC.

152

Table 8-5 Net present value of the optimal decision choice to No Contract-No Monitor for a 5year payment-for-actions contract over different decision timeframes ($/ha).
Decision timeframe
(years)
5
10
15
20
25
30
40
50

Undeg

Degw1

Degw2

Agric

152
243
298
332
353
366
381
388

85
116
137
153
165
174
185
190

13
35
55
71
83
92
103
108

6
19
32
44
54
61
71
76

8.5.2 Payment for outcomes
There is a positive return to the conservation organisation for contracting with the landholder
with a payment-for-outcomes contract in some circumstances. The optimal decision for the
organisation considering offering a 5-year payment-for-outcomes contract to the landholders
is determined by the decision timeframe and their initial belief about the state of the
woodland. The organisation can contract the landholder for Maintain-Monitor or RevegMonitor and the payment amount will be determined by the observed woodland state
(payment for outcomes). Alternatively the conservation organisation can contract Maintain-No
Monitor or Reveg-No Monitor and the payment amount is not based on the woodland state
observed (payment for actions). The analysis then highlights the conservation organisation’s
preference between a payment-for-actions and payment-for-outcomes contracts, as well as
their preference between field and remote monitoring.
The various optimal sequences of actions for the conservation organisation over different
timeframes are shown in policy graphs, such as Figure 8-5 for perfect monitoring. The level of
the diagram marked ‘5 years’ gives the optimal decision choice of the conservation
organisation when they have a five-year decision timeframe. The level marked 10 years gives
the optimal decision initial action for the first 5-year period, and their decision in the following
five-year period is given in the level below. For example, to read the policy graph for the
conservation organisation taking a decision timeframe of 15 years, firstly select one of the
actions list at ‘15 years’ as the action for the first five years of the decision timeframe. Second,
follow the arrow to the subsequent action for a 10 year timeframe. The second decision of the
conservation organisation with a 15-year timeframe is an action of the 10-year timeframe.
When Monitor occurs the arrow choice in the following period is notated by U, D1, D2 or A
depending on the woodland state observed being Undeg, Degw1, Degw2 or Agric respectively.
Lastly, in the final five year period the conservation organisation would always do the action
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given at ‘5 years’. In this way, the optimal sequence of actions (the action vector) for a decision
timeframe builds on the optimal action vector of the shorter timeframes it incorporates.

Perfect and costless monitoring
The conservation organisation with a 25-year timeframe and perfect, costless monitoring
should commence with Maintain-Monitor (vector 0), or No Contract-Monitor (vector 1). No
Contract-Monitor is used to identify Agric land so the conservation organisation can then
contract Maintain-Monitor in the following five-year period to improve the woodland state. If
Undeg, Degw1 or Degw2 is observed at the end of 10 years, the conservation organisation
should undertake No Contract-No Monitor. Monitoring also enables the conservation
organisation to reduce the payment to the landholder depending on the woodland state
observed at the end of the contract. As outlined above, the payment if Undeg is observed is
the full payment amount for the contract type ($350/ha/year), or 75% of the payment if
Degw1 is observed ($260/ha/year), or $0/ha/year if Degw2 or Agric is observed. The next
action in the sequence following Maintain-Monitor or No Contract-No Monitor is No ContractNo Monitor, unless Agric is observed. Agric is always contracted Maintain-Monitor.
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1 No Contract
Monitor
U,D1,D2

A

0 Maintain
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U,D1,D2
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A
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U,D1,D2
0 Maintain
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1 No Contract
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U,D1,D2

25 years

15 years

U,D1,D2

1 No Contract
No Monitor

0 Maintain
Monitor
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U,D1,D2
0 No Contract
No Monitor

5 years

Key:
Action Vector Number, Action
Use of Monitoring

next Action in sequence

Figure 8-5 Policy graph of optimal action sequences for the conservation organisation offering
a 5-year payment-for-outcomes contract, with perfect and costless monitoring (Note:
U=Undeg, D1=Degw1, D2=Degw2, A=Agric).

Table 8-6 gives the net present value of the optimal actions for a sample of prior probabilities
relating to the state. When monitoring is perfect and costless, it is optimal for the conservation
organisation to enter a payment-for-outcomes contract when the woodland state is likely to
be Agric. Monitoring is employed to identify when other land types degrade to Agric to then
offer a contract and improve this Agric land. Monitoring is also employed to determine the
payment amount at completion of the contract, reducing the cost of the program to the
conservation organisation (by avoiding payment in some cases). Compared with a paymentfor-actions contract, payment for outcomes with perfect monitoring increases the net present
value of the optimal decision by between 2% (if Undeg) and 107% (if Agric).
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Table 8-6 Optimal action vector for a conservation organisation offering a 5-year payment-foroutcomes contract with perfect and costless monitoring, for a sample of different probabilities
of the initial woodland state.

Undeg

0.5
0.5
0.5
1

Probability of initial state
Degw1
Degw2
0.5
0.5

Optimal Initial Action

Agric
0.5
0.5
1

Maintain-Monitor (0)
Maintain-Monitor (0)
Maintain-Monitor (0)
No Contract-Monitor (1)
No Contract-Monitor (1)
No Contract-Monitor (1)
No Contract-Monitor (1)
No Contract-Monitor (1)
No Contract-Monitor (1)
No Contract-Monitor (1)

0.5
0.5
0.5
0.5
1

0.5
1

Net present
value ($/ha)
90
133
112
269
223
221
359
133
180
87

Field monitoring
Figure 8-6 shows the optimal sequences of payment-for-outcome contracting and not
contracting by the conservation organisation over different timeframes when field monitoring
is possible. Comparing Figure 8-6 and Figure 8-5 shows the change in the optimal action
choices of the conservation organisation using inaccurate field monitoring rather than perfect
monitoring. When using field monitoring, the organisation with a 25-year decision timeframe
should commence with Maintain-Monitor (action vector 0), No Contract-Monitor (vector 1), or
No Contract-No Monitor (vector 2). The inaccuracy and cost of field monitoring means No
Monitor is optimal in some circumstances.
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Figure 8-6 Policy graph of optimal action sequences for the conservation organisation offering
a 5-year payment-for-outcomes contract with field monitoring (Note: U=Undeg, D1=Degw1,
D2=Degw2, A=Agric).

From Table 1-7, field monitoring reduces the net present value by between approximately 2%
and 13%, depending on the initial state of the woodland, relative to perfect information. When
the woodland is Agric, the optimal initial action is Maintain-Monitor, followed by No ContractNo Monitor (vector 0). Monitoring of Maintain enables the conservation organisation to
reduce the payment to the landholder if Degw1 is observed, and pay $0/ha/year if Degw2 or
Agric is observed. When the state is Agric, the optimal action sequence of a Maintain-Monitor
payment-for-outcomes contract, followed by No Contract-No Monitor (vector 0), has a net
present value of $100/ha. This compares to the maximum net present value of $112/ha
achieved by a payment-for-outcomes contract with perfect and costless monitoring.
On Degw1 land, the conservation organisation should No Contract-Monitor for the initial
period (vector 1). This is followed by Maintain-Monitor if Agric is observed at the end of the
period, or No Contract-No Monitor if Undeg, Degw1 or Degw2 is observed. No ContractMonitor is used to identify Agric land, and strategically invest in Maintain-Monitor where it has
a positive return. When the woodland is Degw1 and vector 1 is undertaken, the net present
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value is $166/ha. The net present value for this sequence when monitoring is perfect and
costless is $180/ha.
If the initial woodland state is likely or known to be Undeg or Degw2, the optimal action for
the entire 25-year decision timeframe is No Contract-No Monitor (vector 2). No Contract-No
Monitor when the woodland state is Undeg or Degw2 for 25 years (vector 2), has a net present
value of $353 or $83/ha. This is identical to the return of the payment-for-actions as
contracting does not occur. However, it is lower than a payment-for-outcomes contract with
perfect monitoring, which achieved $359 and $87/ha for Undeg and Degw2 respectively by
continuously monitoring and contracting to improve Agric land that appeared.

Table 8-7 Optimal action vector for a conservation organisation offering a 5-year payment-foroutcomes contract with field monitoring, for different probabilities of the initial woodland
state.

Undeg

Probability of initial state
Degw1
Degw2
0.5
0.5

0.5
0.5
0.5
1

Initial action
(action vector number)
Maintain-Monitor (0)
Maintain-Monitor (0)
Maintain-Monitor (0)
No Contract-Monitor (1)
No Contract-Monitor (1)
No Contract-No Mon (2)
No Contract-No Mon (2)
No Contract-No Mon (2)
No Contract-No Mon (2)
No Contract-No Mon (2)

Agric
0.5
0.5
1
0.5

1
0.5
0.5
0.5

0.5
1

Net present
value ($/ha)
121
78
100
208
166
259
218
353
124
83

Field monitoring reduces the net present value of the optimal action vector for all possible
initial woodland types compared with perfect and costless monitoring. The reduction is only
2% when the conservation organisation is confident of the initial state of the woodland being
Undeg, but increases to 11% when they are uncertain if it is Dewg2 or Agric. The reduction is
due to the conservation organisation not monitoring constantly with field monitoring
compared with perfect monitoring. Constant monitoring when it is perfect and costless allows
the organisation to identify any land that becomes Agric for contracting in the following
period. The inaccuracy and cost of field monitoring reduce its use in some circumstances and
the overall return to the conservation organisation.
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Remote monitoring
In this model, when offering a payment-for-outcomes contract, it is preferable for the
conservation organisation to use remote monitoring rather than field monitoring. Figure 8-7
shows the optimal action vectors for a conservation organisation using remote monitoring.
Contrasting this with Figure 8-5 and Figure 8-6 shows the impact that remote monitoring has
on the optimal action sequence for the conservation organisation compared with perfect or
field monitoring respectively. A conservation organisation considering remote monitoring with
a 25-year decision timeframe has 5 optimal action vectors, one beginning with MaintainMonitor (vector 0), two No Contract-No Monitor (vector 1,2) and three No Contract-Monitor
(vector 3,4,5). Each vector differs in how the conservation organisation responds to the
information gained through monitoring.
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Figure 8-7 Policy graph of optimal action sequences for the conservation organisation offering a 5-year payment-for-outcomes contract, with remote monitoring
(Note: U=Undeg, D1=Degw1, D2=Degw2, A=Agric).
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The net present value of the optimal action vector using remote monitoring for different
probabilities of the initial woodland state is given in Table 8-8. Comparing this with the net
present value of the optimal sequence with perfect monitoring in Table 8-6 and field
monitoring in Table 8-7 shows the impact remote monitoring has on the outcome for the
conservation organisation. Both remote monitoring and field monitoring reduce the net
present value compared with perfect monitoring, but the reduction is larger for field
monitoring. Remote monitoring reduces the return on the optimal action by 1% when the land
is Undeg, 4% when Degw1, 5% when Degw and 6% when Agric, compared with perfect
monitoring. Field monitoring reduces the return on the optimal action by 2% when the land is
Undeg, 8% when Degw1, 5% when Degw and 11% when Agric.
If the land is known or likely to be Agric it is optimal to contract Maintain-Monitor in the initial
period, then No Contract-No Monitor until the end of the decision timeframe (vector 0). When
the land is Agric the net present value of the optimal Maintain-Monitor then No Contract-No
Monitor sequence is $105/ha. This compares to $105/ha with field monitoring and $112/ha
with perfect and costless monitoring.
The conservation organisation should undertake No Contract-Monitor if the woodland is likely
to initially be Undeg or Degw1 in order to identify any land which becomes Agric (vector 5).
When Agric land is observed it is then contracted Maintain-Monitor. If Undeg, Degw1 or
Degw2 is observed at the end of the period it is left to No Contract-No Monitor. The net
present value of this optimal action vector is $355/ha for Undeg and $172/ha for Degw1. With
field monitoring the net present value of the optimal action vector for Undeg was $353/ha and
Degw1 $166/ha. A payment-for-outcomes contract with perfect monitoring would achieve a
net present value of $359/ha if Undeg and $180/ha if Degw1.
If the land is Degw2 it is optimal to No Contract-No Monitor for the entire 25 year decision
timeframe. The net present value of this sequence is $83/ha, which is identical to a paymentfor-outcomes contract with field monitoring but lower than the $87/ha achieved with perfect
and costless monitoring.
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Table 8-8 Optimal action vector for a conservation organisation offering a 5-year payment-foroutcomes contract with remote monitoring, for different probabilities of the initial woodland
state.

Undeg

Probability of initial state
Degw1
Degw2
0.5
0.5

0.5
0.5
0.5
1

Initial action
(action vector number)
Maintain-Monitor (0)
Maintain-Monitor (0)
Maintain-Monitor (0)
No Contract-No Mon (1)
No Contract-No Mon (2)
No Contract-Monitor (4)
No Contract-Monitor (5)
No Contract-Monitor (5)
No Contract-Monitor (5)
No Contract-Monitor (5)

Agric
0.5
0.5
1

1
0.5
0.5
0.5
0.5
1

0.5

Net present
value ($/ha)
127
81
105
83
218
216
263
355
127
172

In NEWROC, the conservation organisation should only contract a landholder with a paymentfor-outcomes contract to improve the woodland when the current state of the woodland is
likely to be Agric and the decision timeframe is at least 10 years. When the woodland is
currently Degw2, Degw1 or Undeg it is optimal not to institute a payment-for-outcomes
contract with the landholder, and the woodland is left to decline at its natural rate. A
payment-for-actions contract is not offered with any woodland type. A preference for a
payment-for-outcomes contract over a payment-for-actions contract is observed across all
assessment types, including perfect assessment. Payment for outcomes increases the net
present value of the optimal action vector undertaken by the conservation organisation
compared with payment for actions as it eliminates the cost of payment when the outcome is
unfavourable.
In the base-case runs for this model, monitoring of a payment-for-outcomes contract can
reduce the cost of achieving environmental outcomes in two ways. Firstly by reducing the
payment amount when low-quality woodland is observed, and secondly by identifying land
where contracting has a positive return on investment. Comparing field and remote
monitoring to perfect and costless monitoring shows that low-cost remote monitoring gives a
higher return to the conservation organisation than field monitoring. Remote monitoring is
used over a wider range of prior probabilities relating to the initial woodland state.

8.5.3 Sensitivity analysis of woodland valuation: Payment for actions
Table 8-9, Table 8-10 and Table 8-11 show sensitivity analysis for different valuations of Undeg
and Degw1 woodland. Results are shown for the net present value of the optimal action vector
for the conservation organisation offering a payment-for-actions contract. Each table shows
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results for a particular quality of monitoring (perfect, field and remote monitoring
respectively). The net present value is presented for the initial woodland state being either
Undeg, Degw1, Degw2 or Agric land.
A number of action sequences may begin with the same initial action, as shown above in
Figure 8-7. Tables report the highest net present value achieved amongst all sequences
beginning with the stated initial action, i.e. the outcome of the best possible decision making
by the conservation organisation. The maximum net present value that can be achieved by the
conservation organisation for each woodland state, for each woodland value, is shaded grey in
the table. When contracting is undertaken, it is usually in the initial period or following
monitoring in the initial period. Only the first action in the sequence is shown in the table as it
indicates the likely sequence of actions to follow.
Regardless of the monitoring technology, it is worthwhile for the conservation organisation to
offer a Maintain-No Monitor payment-for-actions contract if the woodland state is Agric, when
the value of Undegraded woodland is increased from $40/ha/year to $100/ha/year, and
Degw1 from $30/ha/year to $75/ha/year. The higher the woodland value the larger the
number of vegetation types for which it is worth offering a payment-for-actions contract. At a
valuation of $500/ha/year for Undeg and $375/ha/year for Degw1, Undeg and Degw1 land
should be contracted to Maintain and Degw2 and Agric land to Reveg for all monitoring types.
At higher valuations of woodland, monitoring is used by the conservation organisation to
identify land types with higher returns on investment. Specifically, at a valuation of
$200/ha/year for Undeg and for $150/ha/year Degw1, monitoring should be used to identify
Agric land for investment when perfect or remote monitoring is available. If field monitoring is
used, at those vegetation values, it is only worth monitoring where the initial state is Undeg or
Degw1.
Inaccurate and costly monitoring reduces the use of monitoring and the overall net present
value of all actions to the conservation organisation. For example, when the valuation of
vegetation is $200/$150 ha/year (for Undeg/Degw1) and the land type is initially Degw2, the
optimal contract with perfect monitoring is No Contract-Monitor, but with field or remote
monitoring No Contract-No Monitor is optimal.
Also, inaccurate monitoring reduces the net present value of the optimal action for the
conservation organisation. For example, when the vegetation value is $200/$150 ha/year and
the land type is initially Degw2, the net present value drops from $456/ha with perfect

163

monitoring to $433/ha with field monitoring and $427/ha with remote monitoring, (Table 8-9,
Table 8-10, Table 8-11).
In almost every scenario, field monitoring is preferred to remote monitoring (compare the
greyed numbers in Table 8-10 and Table 8-11). In this model, using payment for actions, at
vegetation values greater than the base-case, the greater accuracy of field monitoring has
benefits that are sufficient to outweigh its greater costs. The only exceptions are for Undeg
vegetation under relatively low-value scenarios.

Table 8-9 Sensitivity analysis of optimal decision choices for different woodland values when
payment for actions and perfect and costless monitoring (maximum net present value that can
be achieved is shaded grey).
Woodland value*
($/ha/year)
40/30

No Contr-Mon

Undeg
($/ha)
353

Degw1
($/ha)
165

Degw2
($/ha)
83

Agric
($/ha)
54

100/75
100/75

No Contr-Mon
Maintain-No Mon

898
834

452
393

220
103

218
297

200/150
200/150

No Contr-Mon
Maintain-Mon

1816
1801

946
923

456
340

512
727

500/375
500/375
500/375

No Contr-Mon
Maintain-Mon
Reveg-No Mon

4771
4894
3706

2729
2815
2632

1526
1416
1897

1703
2321
2598

1000/750
Maintain-Mon
10273
6838
1000/750
Reveg-Mon
9164
7437
*The first value is for Undeg and the second is for Degw1.

4230
5949

5694
6990

Initial action
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Table 8-10 Sensitivity analysis of optimal decision choices for different woodland values when
payment for actions and field monitoring (maximum net present value that can be achieved is
shaded grey).
Woodland value*
($/ha/year)
40/20

No Contr-No M

Undeg
($/ha)
353

Degw1
($/ha)
165

Degw2
($/ha)
83

Agric
($/ha)
54

100/75
100/75
100/75

No Contr-No M
No Contr-Mon
Maintain-No Mon

885
883
826

424
436
383

207
203
96

164
204
290

200/150
200/150
200/150

No Contr-No Mon
No Contr-Mon
Maintain-No Mon

1797
1797
1790

910
924
911

433
432
327

498
491
715

500/375
500/375
500/375

No Contr-Mon
Maintain-Mon
Reveg-No Mon

4753
4876
3697

2707
2788
2619

1497
1386
1884

1688
2296
2588

1000/750
Maintain-Mon
10214
6774
1000/750
Reveg-No Mon
9113
7147
1000/750
Reveg-Mon
9108
7360
*The first value is for Undeg and the second is for Degw1.

4173
5669
5871

5630
6914
6914

Initial action
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Table 8-11 Sensitivity analysis of optimal decision choices for different woodland values when
payment for actions and remote monitoring (maximum net present value that can be achieved
is shaded grey).
Woodland value*
($/ha/year)
40/20

No Contr-No Mon

Undeg
($/ha)
353

Degw1
($/ha)
165

Degw2
($/ha)
83

Agric
($/ha)
54

100/75
100/75
100/75
100/75

No Contr-No Mon
No Contr-Mon
Maintain-No Mon
Maintain-Mon

887
891
826
828

421
432
383
384

206
206
96
96

158
208
290
290

200/150
200/150
200/150
200/150

No Contr-No Mon
No Contr-Mon
Maintain-No Mon
Maintain-Mon

1790
1804
1793
1793

869
914
906
906

427
424
323
323

358
499
713
713

500/375
500/375
500/375
500/375

No Contr-Mon
Maintain-Mon
Reveg-No Mon
Reveg-Mon

4677
4863
3691
3682

2671
2728
2571
2587

1454
1331
1837
1852

1683
2229
2577
2571

1000/750
Maintain-Mon
10210
6654
1000/750
Reveg-Mon
9112
7212
*The first value is for Undeg and the second is for Degw1.

4071
5723

5514
6913

Initial action

8.5.4 Sensitivity analysis of woodland valuation: Payment for
outcomes
Table 8-12, Table 8-13 and Table 8-14 show an equivalent set of results as in the previous
section, but this time for a payment-for-outcomes contract, rather than payment for actions.
In general, in this model, payment for outcomes is superior to payment for actions. This is due
to the reduced payment amount when the woodland is observed to be Degw1, Degw2 or Agric
at the end of the contract. At very high woodland valuations, the optimal actions with all
monitoring options converge for both a payment-for-actions and payment-for-outcomes
contract.
The effect of increasing the valuation of woodland is consistent with the previous section: it
increases the optimal use of contracting by the conservation organisation. A difference is that,
with a payment-for-outcomes contract, contracting is viable at lower valuations of woodland
than for a payment-for-actions contract. For example, in Table 8-12, contracting Maintain is
optimal if the woodland is initially Degw1 or Agric when offering a payment-for-outcomes
contract, but only for Agric land if offering a payment-for actions-contract (Table 8-9).
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The conservation organisation’s preference between field and remote monitoring alters
between payment for actions and payment for outcomes. Under payment for actions, field
monitoring tended to have a higher net present value than remote monitoring in most cases
(compare Table 8-10 and Table 8-11 from the previous section). However, under payment for
outcomes, the preference tends to be reversed (compare Table 8-13 and Table 8-14 below).
Remote monitoring of payment for outcomes had a higher net present value than field
monitoring, unless the valuation of woodland was extremely high. For example, consider the
payment-for-outcomes results for vegetation value $200/$150 ha/year, for land type Agric, for
the optimal action vector beginning with a Maintain-Monitor. The contract has a net present
value of $1476/ha with field monitoring (Table 8-13) and $1515/ha with remote monitoring
(Table 8-14) – remote monitoring is preferred. The corresponding values for the payment-foractions contract were $415/ha with field monitoring (Table 8-10) and $713/ha with remote
monitoring (Table 8-11) – field monitoring was preferred. The exception to this trend is on
degraded land when vegetation value is especially high, when field monitoring is preferred
under both contract types.

Table 8-12 Sensitivity analysis of optimal decision choices for different woodland values when
payment for outcomes and perfect and costless monitoring (maximum net present value that
can be achieved is shaded grey).
Woodland value*
($/ha/year)
40/30
40/30

No Contr-Mon
Maintain-Mon

Undeg
($/ha)
359
265

Degw1
($/ha)
180
154

Degw2
($/ha)
87
69

Agric
($/ha)
83
112

100/75
100/75

No Contr-Mon
Maintain-Mon

1565
1539

833
858

402
385

473
681

200/150
200/150
200/150

No Contr-Mon
Maintain-Mon
Reveg-Mon

3201
3264
2051

1732
1839
1494

879
867
984

1005
1491
1310

500/375
500/375

Maintain-Mon
Reveg-Mon

8768
7637

5886
6333

3681
5051

4903
5793

1000/750
Maintain-Mon
18054
12995
1000/750
Reveg-Mon
17053
14818
*The first value is for Undeg and the second is for Degw1.

8698
12239

10819
13403

Initial action
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Table 8-13 Sensitivity analysis of optimal decision choices for different woodland values when
payment for outcomes and field monitoring (maximum net present value that can be achieved
is shaded grey).
Woodland value*
($/ha/year)
40/30
40/30
40/30

No Contr-No Mon
No Contr-Mon
Maintain-Mon

Undeg
($/ha)
353
347
256

Degw1
($/ha)
165
166
142

Degw2
($/ha)
83
76
55

Agric
($/ha)
54
68
100

100/75
100/75
100/75

No Contr-No Mon
No Contr-Mon
Maintain-Mon

1536
1544
1518

812
808
834

377
379
360

456
450
657

200/150
200/150
200/150

No Contr-Mon
Maintain-Mon
Reveg-Mon

3181
3247
2051

1711
1821
1502

864
854
991

981
1476
1310

500/375
500/375

Maintain-Mon
Reveg-Mon

8721
7609

5857
6304

3648
5021

4856
5752

1000/750
Maintain-Mon
17958
12915
1000/750
Reveg-Mon
16973
14738
*The first value is for Undeg and the second is for Degw1.

8632
12159

10744
13322

Initial action

Table 8-14 Sensitivity analysis of optimal decision choices for different woodland values when
payment for outcomes and remote monitoring (maximum net present value that can be
achieved is shaded grey).
Woodland value*
($/ha/year)
40/30

Initial action

Undeg
($/ha)
354

Degw1
($/ha)
168

Degw2
($/ha)
83

Agric
($/ha)
61

355
269

172
148

81
56

77
105

40/30
40/30

No Contr-No
Mon
No Contr-Mon
Maintain-Mon

100/75
100/75

No Contr-Mon
Maintain-Mon

1559
1540

818
841

385
363

463
667

200/150
200/150

Maintain-Mon
Reveg-Mon

3279
2149

1856
1600

894
1089

1515
1408

500/375
500/375

Maintain-Mon
Reveg-Mon

8746
7706

5805
6294

3627
5010

4804
5845

1000/750
Maintain-Mon
17918
12790
1000/750
Reveg-Mon
17018
14618
*The first value is for Undeg and the second is for Degw1.

8543
12040

10638
13302

168

The proportion of woodland area that would be valued by society at the required level for
conservation contracts to be feasible is likely to be small in the NEWROC region. The high
valuation corresponds to locations with particularly rare attributes, such as endangered
species, cultural significance or recreational importance. The heterogeneity of Western
Australia means these values could occur within NEWROC, but detailed field information
would be required to identify the specific locations.

8.5.5 Sensitivity analysis of contract cost
Table 8-9 to Table 8-14 showed results for various vegetation valuations. Table 8-15 to Table
8-20 show an equivalent set of results for various costs per ha of undertaking projects.
Reducing project cost has a broadly similar effect on results as increasing vegetation value:
higher net present values, and an increasing tendency for Maintain or Reveg contracts to
perform better than No Contract.
Another result that is consistent with the sensitivity analysis of vegetation value is that
payment-for-outcomes contracts continue to have net present values at least as high as those
for payment-for-actions contracts. And once again, under very favourable circumstances (very
low costs) the optimal actions and net benefit of all monitoring options converge.
The cost sensitivity analysis results for remote monitoring versus field monitoring are
somewhat different than in the vegetation value sensitivity analysis. For vegetation values
above the base-case, we observed that field monitoring tended to be preferred under a
payment-for-actions contract (Table 8-10 vs Table 8-11), while remote monitoring tended to
be preferred under a payment-for-outcomes contract (Table 8-13 vs Table 8-14). There was
some variation in both cases. However, in the cost sensitivity analysis, at costs below the
base-case value, remote monitoring (Table 8-17 or Table 8-20) is uniformly preferred, or at
worst equal to field monitoring (Table 8-16 or Table 8-19).
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Table 8-15 Sensitivity analysis of optimal decision choices for different contract costs when
payment for actions and perfect and costless monitoring (maximum net present value that can
be achieved is shaded grey).
Contract cost*
($/ha/year)
350/30

No Contr-No Mon

Undeg
($/ha)
353

Degw1
($/ha)
165

Degw2
($/ha)
83

Agric
($/ha)
54

100/10
100/10

No Contr-Mon
Maintain-No Mon

361
342

184
167

89
50

92
128

10/5
10/5

No Contr-Mon
Reveg-Mon

389
370

270
315

183
255

187
285

5/1
5/1

Maintain-Mon
Reveg-Mon

420
410

308
360

208
299

255
325

1/0.5
Reveg-No Mon
438
393
*The first cost is for Reveg and the second is for Maintain.

332

354

Initial action

Table 8-16 Sensitivity analysis of optimal decision choices for different contract costs when
payment for actions and field monitoring (maximum net present value that can be achieved is
shaded grey).
Contract cost*
($/ha/year)
350/30

No Contr-No Mon

Undeg
($/ha)
353

Degw1
($/ha)
165

Degw2
($/ha)
83

Agric
($/ha)
54

100/10
100/10
100/10

No Contr-No Mon
No Contr-Mon
Maintain-No Mon

353
349
339

171
172
162

83
77
47

88
81
124

10/5
10/5

No Contr-No Mon
Reveg-No Mon

372
359

257
298

168
237

178
272

5/1
5/1

Maintain-No Mon
Reveg-No Mon

409
402

293
350

192
289

241
315

1/0.5
Reveg-No Mon
438
393
*The first value is for Reveg and the second is for Maintain.

332

354

Initial action
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Table 8-17 Sensitivity analysis of optimal decision choices for different contract costs when
payment for actions and remote monitoring (maximum net present value that can be achieved
is shaded grey).
Contract cost*
($/ha/year)
350/30

No Contr-No Mon

Undeg
($/ha)
353

Degw1
($/ha)
165

Degw2
($/ha)
83

Agric
($/ha)
54

100/10
100/10
100/10

No Contr-No Mon
No Contr-Mon
Maintain-No Mon

355
357
340

171
177
163

83
81
47

66
88
124

10/5
10/5
10/5

No Contr-Mon
Reveg-No Mon
Reveg-Mon

384
366
362

262
292
305

175
233
244

181
278
276

5/1
5/1
5/1

Maintain-Mon
Reveg-No Mon
Reveg-Mon

412
404
402

298
351
348

199
290
288

247
317
317

1/0.5
Reveg-No Mon
438
393
*The first value is for Reveg and the second is for Maintain.

332

354

Initial action

Table 8-18 Sensitivity analysis of optimal decision choices for different contract costs when
payment for outcomes and perfect and costless monitoring (maximum net present value that
can be achieved is shaded grey).
Contract cost*
($/ha/year)
350/30
350/30

No Contr-Mon
Maintain-Mon

Undeg
($/ha)
359
265

Degw1
($/ha)
180
154

Degw2
($/ha)
87
69

Agric
($/ha)
83
112

100/10
100/10

No Contr-Mon
Maintain-Mon

365
347

193
194

93
87

107
153

10/5
10/5
10/5

No Contr-Mon
Maintain-Mon
Reveg-Mon

391
385
372

273
282
324

188
186
263

188
228
287

5/1
5/1

Maintain-Mon
Reveg-Mon

421
411

313
364

214
303

259
326

1/0.5
Reveg-Mon
439
394
*The first value is for Reveg and the second is for Maintain.

333

354

Initial action
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Table 8-19 Sensitivity analysis of optimal decision choices for different contract costs when
payment for outcomes and field monitoring (maximum net present value that can be achieved
is shaded grey).
Contract cost*
($/ha/year)
350/30
350/30
350/30

No Contr-No Mon
No Contr-Mon
Maintain-Mon

Undeg
($/ha)
353
347
256

Degw1
($/ha)
165
166
142

Degw2
($/ha)
83
76
55

Agric
($/ha)
54
68
100

100/10
100/10
100/10
100/10

No Contr-No Mon
No Contr-Mon
Maintain-No Mon
Maintain-Mon

353
350
339
333

181
176
179
179

83
79
72
72

97
90
138
138

10/5
10/5
10/5

No Contr-No Mon
Reveg-No Mon
Reveg-Mon

372
359
352

257
289
304

169
229
243

171
271
267

5/1
5/1
5/1

Maintain-No Mon
Reveg-No Mon
Reveg-Mon

407
262
394

298
347
344

198
286
284

243
312
309

1/0.5
Reveg-Mon
439
393
*The first value is for Reveg and the second is for Maintain.

332

354

Initial action

Table 8-20 Sensitivity analysis of optimal decision choices for different contract costs when
payment for outcomes and remote monitoring (maximum net present value that can be
achieved is shaded grey).
Contract cost*
($/ha/year)
350/30
350/30
350/30

No Contr-No Mon
No Contr-Mon
Maintain-Mon

Undeg
($/ha)
354
355
269

Degw1
($/ha)
168
172
148

Degw2
($/ha)
83
81
56

Agric
($/ha)
61
77
105

100/10
100/10

No Contr-Mon
Maintain-Mon

361
346

187
189

87
79

102
147

10/5
10/5
10/5

No Contr-Mon
Maintain-Mon
Reveg-Mon

384
380
369

267
274
318

182
179
257

184
221
282

5/1
5/1

Maintain-Mon
Reveg-Mon

415
406

306
357

208
296

253
321

1/0.5
Reveg-Mon
439
394
*The first value is for Reveg and the second is for Maintain.

333

354

Initial Action
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Finally, note that the scenarios that result in Maintain or Reveg contracts being the dominant
responses are very different to the base-case scenario. They have much higher vegetation
values or much lower project costs. Unless vegetation values are exceptionally high, for
contracts to be viable, landholder’s would need to value the improvement in woodland
themselves at approximately the cost of undertaking the work. In the case of maintaining the
woodland this is $30/ha/year and for revegetating this is $350/ha/year. Results presented in
Chapter 5 indicate some NEWROC landholders could value woodland improvement in the
vicinity of $17/ha/year. Targeting these landholders may increase the number of cases where
conservation contracts are viable. Allocating contracts via an auction system can potentially
identify landholder’s with low labour costs, as has been demonstrated in Victoria (Stoneham et
al. 2003).

8.6 Conclusion
In the base-case analysis presented in this chapter, contracting landholders in the NEWROC
region to improve the woodland state is only optimal for a conservation organisation when the
following combination of circumstances is present: the conservation organisation uses a
payment-for-outcomes contract, the woodland state is probably Agric and the decision
timeframe is at least 10 years. For other states (i.e. Undeg, Degw1, and Degw2), it is only
optimal to offer contracts if the cost of the contract is reduced or the woodland is of high value
relative to the base-case scenario. In this model, payment for actions is generally inferior to
payment for outcomes. This is reflected in the results showing that, relative to payment for
outcomes, payment for actions require a lower cost for the contract or high valuation of the
woodland in order to be economically viable.
In this case study, if monitoring is employed by the conservation organisation solely to improve
decision making, then is should be used when the conservation organisation is uncertain about
the woodland state, the decision timeframe is sufficiently long, and a payment-for-outcomes
contract is applied. The conservation organisation’s decision timeframe must be at least 20
years if field monitoring is used and 15 years if perfect or remote monitoring is used. A longer
decision timeframe means the conservation organisation has a longer time to accrue benefits
from the improved decision making.
In most circumstances examined, actions with remote monitoring had a higher net present
value than did actions with field monitoring. The exceptions were payment for actions at
higher woodland valuations and payment for outcomes on degraded land at extremely high
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valuations of woodland. Given that the conservation organisation should prefer a payment-foroutcomes contract and that most woodland does not have very high valuation, remote
monitoring would be preferred in almost all situations. Overall, the lower cost of remote
monitoring is usually sufficient to outweigh the slight diminution of benefits from better
decision making.
The POMDP model does not link monitoring to the landholder’s behaviour. Rather, monitoring
in this model has value only from improving the conservation organisation’s decision making
prior to investment in a contract or to determine the payment amount at completion of a
payment-for-outcomes contract. With payment for outcomes, the landholder receives their
payment based on the woodland state of the land at the end of the contract, but this outcome
is not related to their behaviour, as the POMDP model describes the conservation
organisation’s optimal decision when faced with a compliant landholder. The impact of the
landholder’s behavioural response to inaccurate monitoring is investigated in the following
chapters using a principal-agent model.
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Chapter 9.

Principal-agent model methodology

9.1 Introduction
The principal-agent model provides an approach to optimal contract design for the
conservation organisation.

The principal-agent model describes the contracting process

between two parties: the principal (conservation organisation), who offers the contract, and
the agent (landholder or farmer), who accepts or declines the contract (Stiglitz 1974; Laffont
and Tirole 1993; Bolton and Dewatripont 2005).
Analysis of incentive mechanisms for conservation contracts within a principal-agent
framework began with Wu and Babcock (1996) and Choe and Fraser’s (1999) work on agrienvironmental schemes in the United Kingdom. A number of subsequent studies used
principal-agent models to explore the implications of hidden information about the agent’s
compliance costs (adverse selection) and actions related to the contract (moral hazard).
Overcoming moral hazard and ensuring landholder compliance with the contract is primarily
through monitoring, enforcement and penalties. Principal-agent models of agri-environmental
schemes have incorporated monitoring and fines (Ozanne et al. 2001) or partial monitoring
(Fraser 2004; Hart and Latacz-Lohmann 2005; Ozanne and White 2008). Monitoring is
imperfect due to an inability to monitor all contracts and inaccurate due to difficulties
accessing the site or inaccuracies in the assessment technique.
Previous studies of payment-for-actions and payment-for-outcomes contracts have two
limitations, namely the inaccuracy of monitoring, and the nature of the goods contracted. As
discussed in Chapter 2, payment for landholder labour and materials or grants (payment for
actions) are currently the most widely used incentive mechanism for agri-environmental
contracts currently in Australia, with payment for environmental services (payment for
outcomes) receiving growing attention. Previous economic models of monitoring (White 2005)
have overlooked the subjective and somewhat inaccurate nature of ecological assessment, and
the effect that this may have on landholder behaviour. Secondly, previous work has neglected
the importance of labour input in achieving conservation outcomes. The principal-agent model
presented in this chapter includes imperfect and costly monitoring of landholder compliance
and environmental outcome. All proofs of solutions are provided in Appendix 3. An empirical
application of the model to a case study region of Western Australia is presented in Chapter
10.
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9.2 Model
In a payment-for-actions contract the conservation organisation (principal) pays a landholder
(agent) to provide labour to undertake works that are expected to lead to improved
environmental outcomes. Alternatively, a payment-for-outcomes approach pays the
landholder based on the environmental outcomes achieved. Figure 9-1 gives the timeline of
events during the contracting process of payment for actions and payment for outcomes. At
the completion of either type of contract, the conservation organisation monitors compliance
with the contract. In the initial analysis conducted here, it is assumed that compliance is
assessed on the basis of whether the landholder has exerting the contracted labour effort
(even in cases where the level of payment is determined on the basis of environmental
outcomes). A subsequent analysis also examines the case where landholder labour cannot be
verified so the payment is based entirely on the outcomes achieved and compliance is
measured in terms of environmental outcomes. The risk preferences of the landholder and
conservation organisation are not represented in this model. It is assumed the landholder and
conservation organisation are risk-neutral.

Payment-for-actions
contract

Organisation

Offer contract
, ]

Receive _

Landholder
Accept
contract

Monitor
Pay , ]

Undertake

Receive ]

Receive _

Monitor , ^
Pay , ^ ]

Time

Payment for outcomes
contract

Organisation

Offer contract
, ^ ]

Landholder
Accept
contract

Undertake

Receive ^ ]

Time

Key labour effort, ] payment for actions, ^ ] payment for outcomes, ^ environmental services,
 cost of monitoring, _ benefits to conservation agency of environmental services
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Figure 9-1 Timeframe of contracting process for payment-for-actions and payment-foroutcomes contracts between conservation organisation and landholder.

On completion of a payment-for-actions contract, the landholder receives payment ] if
assessed as compliant (Figure 9-1). A payment-for-outcomes contract requires labour effort
during the contract for an expected payment at the completion of ^ ]. The final monitoring

of landholder’s compliance has a probability of being accurate  and cost . The conservation

organisation seeks the benefits of environmental services provided by the contract, measured
as an improvement in the environmental outcomes _, due to the landholder’s labour effort. In
this study, environmental outcomes are measured as an index of woodland biodiversity
condition to match with the prominent objective of Australian conservation organisations to
conserve and protect biodiversity.
If the landholder’s labour effort cannot be observed, the assessment is based on the
observation of the environmental outcomes of labour effort. In this case the landholder
determines their level of labour effort to maximise their profit from the contract, rather than
the level of effort being determined by the terms of the contract set by conservation
organisation. Instead, the conservation organisation sets the level of environmental outcomes
required. In the principal-agent model for this version of the problem, it is assumed that they
set the outcome level in order to maximise net benefits, considering the likely behaviour of the
landholder. At the completion of the contract, monitoring of the environmental outcomes ^ is
carried out and a final payment ^ ] is made based on this score. The monitoring of

environmental outcomes also has an accuracy  and cost .

9.2.1 Payment-for-actions contract
In a payment-for-actions contract, the conservation organisation (principal) and the landholder
(agent) enter into a contract for the provision of labour, as per Figure 9-1. The organisation’s
problem is to choose a payment to the landholder that will maximise the expected social
welfare function:
?`,a0 ∑^ b(c) = _( , E ) + %( , ] ) − )( , ] ).

The expected social welfare function includes the benefit that society receives from the
expected improvement in environmental outcomes or biodiversity condition of woodland (as
judged by the conservation organisation) due to the contract _, the landholder’s profit % and
the cost of the contract ). The conservation organisation sets the payment for the contract ]

177

and the landholder’s labour effort , given the original biodiversity condition of the woodland
E.
The landholder is able to affect the biodiversity condition of the woodland  through their
labour effort:
 = ( , E ) = 8  d4Le`

f g(8h
./0 )

(1).

The biodiversity condition is a function of the original biodiversity condition of the woodland
sE .The marginal change3 in the biodiversity condition score with respect to landholder labour
effort is:
` = 8 ?(1 − 8 )j

(k8) d4Le`f g(8h./0 )



.

In the case of a single-period contract, this would be:
` = E ?(1 − E )j

(k8) d4Le`f g(8hl )



(2).

The social benefit of the contract _ is calculated as:
_( , E ) = ^ (^ − E )

(3).

The social benefit is the value  of pristine woodland with a biodiversity condition score of 1,
scaled down by the biodiversity condition of the woodland achieved by the contract ^

compared to the initial woodland condition E, and the discount factor ^ .

The landholder receives payment ] at the completion of the contract. It is assumed the
woodland entered into a conservation contract is remnant native woodland and would not be
used in agricultural production. The opportunity cost of the land is therefore zero. The total
return to the landholder % is then:
%( , ] ) = ^ ] −  .

The landholder’s total return is calculated as the payment they receive ] , discounted by ^ ,
less the opportunity cost of their labour  for their given effort . The opportunity cost of
labour incorporates the timing and appropriate discounting of labour effort.
The total cost to the organisation of these payments to the landholder is the payment amount
] , allowing for the cost of public funds  and the discount factor ^ :
)(] ) = (1 + )^ ] .
3

Partial derivatives are given as subscripts.
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For the landholder to enter into a conservation contract, the contract must offer at least as
great a return as that received for non-participation. This is known as a participation or
individual rationality constraint (Laffont and Martimort 2002). As the opportunity cost of the
land is assumed to be zero, the rational landholder simply requires the return from the
contract to be greater than the cost of their labour:
%( , ] ) ≥ 0
^ ] −  ≥ 0

(4).

First-best solution
The internal solution of the conservation organisation’s contract design problem is a payment
for actions over a single period, where:
^ ` =  + 

(5).

All proofs are provided in Appendix 3.
The conservation organisation invests in improving the biodiversity condition of the woodland
until the marginal value of the improvement is equal to the marginal cost of labour adjusted
for the shadow cost of public funds. Figure 9-2 illustrates this graphically. The optimal labour
effort based on the wage rate alone is ∗ , allowing for the cost of public funds

3

. The marginal

social benefit of labour effort decreases as labour increases.

Marginal value
($/hour)

 + 


^ `
3

∗

Labour ( )

Figure 9-2 Internal solution of payment-for-actions contract with perfect and costless
monitoring. (Note:  opportunity cost of labour,  public cost of funds, ^ ` marginal benefit
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of biodiversity improvement with respect to labour,
effort given public cost of funds.)

∗

optimal labour effort,

3

optimal labour

9.2.2 Payment-for-outcomes contract
The organisation’s problem is to maximise the revised expected social welfare function:
b(c) = _( , E ) + %( , ] , E ) − )( , ] , E ).

The landholder increases the biodiversity condition through effort . The biodiversity condition
score and the conservation organisation’s benefit functions are as given in Equation 2 and 3
above.
The profit to the landholder from a payment-for-outcomes contract % is:
%( , ] , E ) = ^ ^ ] −  .

With a payment-for-outcomes contract, the landholder receives ^ ] at the completion of the

contract rather than ] as with a payment-for-actions contract. Compliance with a paymentfor-outcomes contract is determined by the observed level of labour effort. The expected
payment to the landholder at the completion of the contract is scaled by the biodiversity
condition ^ the landholder achieves at the end of the contract . The landholder’s total
return is the discounted payment ^ ] , less the opportunity cost of labour  .

The total cost to the organisation of the payment to the landholder is:
)(] , E ) = (1 + )^ ^ ] .

The landholder’s decision to enter the contract and apply effort is determined by the
participation or individual rationality constraint:
%( , ] , E ) ≥ 0
^ ^ ] −  ≥ 0

(6).

First-best solution
The first-best solution for a payment-for-outcomes contract is:
(7).

` =  + 

The internal solution of the payment-for-outcomes contract’s payment amount and labour
effort (Equation 7) is the same as a payment-for-actions contract (Equation 5). Thus when
landholder effort can be observed and monitoring is perfectly accurate and costless there is no
180

practical difference between a payment-for-actions and a payment-for-outcomes contract.
They result in the same actions, costs and benefits for the organisation or for the landholder.

9.2.3 Payment-for-actions contract with inaccurate and costly
monitoring
The model presented above is based on an assumption that the organisation is able to monitor
the labour effort of the landholder perfectly and without cost. If the organisation is unable to
accurately monitor labour effort, this will alter the landholder’s expected return on the
contract and consequently their decisions and behaviour. The landholder’s change in decision
making leads to a change in the overall social welfare of the contract. Social welfare is also
reduced by the cost of the monitoring technology employed. Thus, the conservation
organisation faces a revised expected social welfare function to guide its own decision making:
b(c) = c + (1 − )c
b(c) = _( , E ) + %( , ] , ) + (1 − )%( , ] , ) − )( , ] , ).

The expected social welfare function includes the social welfare when monitoring is accurate
c and when monitoring is inaccurate (1 − )c. In this way the expected social welfare is

society’s expected benefit from the landholder labour effort γ, the expected profit of the
correctly assessed landholder %( , ] , ) weighted by the probability of being accurately

assessed  and the incorrectly assessed landholder %( , ] , ) weighted by the probability of
being inaccurately monitored (1 − ), plus the cost of the contract ). The biodiversity

condition of the woodland is as per Equation 1 above and the environmental benefit function
remains as per Equation 3.
The conservation organisation’s cost function is altered to include a cost per hectare for
monitoring :
)(] ) = (1 + )^ (] + ).

Inaccurate monitoring may lead to two types of error: (1) a landholder is monitored as
compliant with the contract when in fact they are not, and (2) a landholder is monitored as
non-compliant when they

are

compliant. The four combinations of landholder

compliance/non-compliance and accurate/inaccurate monitoring are summarised in Table 9-1.
The probability of the organisation accurately monitoring the landholder’s compliance is .

When the landholder is correctly monitored as compliant they receive payment ] with
probability  and incur the effort cost  . If a compliant landholder is incorrectly monitored as
non-compliant they receive no payment but incur a cost of labour effort  . If the landholder
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does not apply any effort and this is correctly monitored they do not receive any payments nor
incur a cost. A landholder who exerts no effort but is monitored, incorrectly, as applying effort
receives (1 − )^ ] .
Table 9-1 Summary of expected landholder profit from a single period payment-for-actions
contract with inaccurate monitoring.
Monitoring accurate

Monitoring inaccurate

Labour effort undertaken
>0

(^ ] ) − 

−

Labour effort not
undertaken = 0

0

(1 − )^ ]

The conservation organisation offers a contract such that the landholder’s expected profit
from participating and complying with the contract is greater than the expected profit from
participating and not complying. Otherwise it would be profitable for the landholder to enter
the contract and not comply, with the possibility of being incorrectly assessed as compliant
and paid. This compliance constraint is then for a single period contract this is:
(^ ] ) −  ≥ (1 − )^ ]

(8).

From this constraint the landholder has an expected rent of (1 − m)^ ] .

Second-best solution
The internal solution of a payment-for-actions contract for the conservation organisation with
inaccurate and costly monitoring is:
^ ` =  +  +

@3(8q)

(9).

q8

The second-best solution equates the conservation organisation’s marginal benefit to the
marginal cost including the landholder’s marginal rent. The marginal cost now includes the
rent to the landholder due to inaccurate monitoring. Figure 9-3 shows how the marginal cost
to the conservation organisation increases above the wage rate because of the public cost of
funds and the landholder’s rent for compliance. The optimal labour input for the contract is
further reduced by the rent to the landholder because of inaccurate monitoring of their
compliance, from

∗

to

q

.
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Marginal value
($/hour)

 +  +

2(1 − )
2 − 1

 + 


^ `
q

3

∗

Labour ( )

Figure 9-3 Internal solution of payment-for-actions contract with inaccurate and costly
monitoring. (Note:  opportunity cost of labour,  public cost of funds,

@3(8q)
q8

marginal cost

of landholder rent for inaccurate monitoring, ^ ` marginal benefit of biodiversity
improvement with respect to labour ∗ optimal labour effort, 3 optimal labour effort given
public cost of funds, q optimal labour effort given public cost of funds and inaccurate
monitoring of effort.)

The more accurate monitoring is, the lower the rent to the landholder and so smaller the
increase in cost of the contract. When monitoring is perfectly accurate, the marginal cost for
the conservation organisation collapses to the first-best solution (Equation 5).
Importantly, the cost of monitoring has no impact on the optimal payment amount and
landholder’s labour effort required by the conservation organisation. However, it affects the
net present value of social welfare.

9.2.4 Payment-for-outcomes contract with inaccurate and costly
monitoring
The expected social welfare function is:
b(c) = c + (1 − )c
b(c) = _( , E ) + %( , ] , E ) + (1 − )( , ] , E ) − )( , ] , E , ).

The biodiversity condition score and the conservation organisation’s benefit functions are as
given in Equation 2 and 3 above.
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The cost function becomes:
)(] , E ) = (1 + )^ (^ ] + ).

As presented above, the four combinations of accurate/inaccurate monitoring by the
organisation and compliance/non-compliance by the landholder have different expected
profits for the landholder. The combinations for a payment-for-outcomes contract are
summarised in Table 9-2. When the landholder is correctly monitored as compliant they
receive payment ^ ] with probability  and incur the effort cost  .

Table 9-2 Summary of expected landholder profit from a single period payment-for-outcomes
contract with inaccurate monitoring.
Monitoring accurate

Monitoring inaccurate

Labour effort undertaken
>0

(^ ^ ] ) − 

−

Labour effort not
undertaken = 0

0

(1 − )^ ^4 ]

The landholder’s compliance constraint is then:
(^ ^ ] ) −  ≥ (1 − )^ ^ ]

(10).

The landholder receives an expected rent of (1 − )^ ^ ] due to this constraint. The rent
for a payment-for-outcomes contract is equal to a payment-for-actions contract when
] = ^ ].

Second-best solution
The second-best solution for a payment-for-outcomes contract is:
^ ` =  + + +

@3(8q)

(11).

q8

The second-best solution of a payment-for-outcomes contract with inaccurate monitoring
(Equation 11) is equivalent to a payment-for-actions contract (Equation 9). The second-best
solution equates the marginal benefits of the contract to the conservation organisation with
the marginal cost. The organisation’s marginal cost consists of the marginal costs for the
landholder’s labour, the use of public funds and the rent to the landholder (refer to Figure 9-3
above).
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As with a payment-for-actions contract the cost of monitoring has no impact on the optimal
payment amount and labour effort of the contract for the organisation. The preference
between monitoring options again depends on the impact of monitoring accuracy on the
payment to the landholder, and the impact of monitoring cost on the net present value of the
contract.

9.2.5 Payment-for-actions contract with unverifiable labour effort
As noted earlier, the conservation organisation may be unable to observe the landholder’s
labour effort. In this situation, an economically rational landholder would provide labour to a
level that maximises their expected profit from the contract (Laffont and Martimort 2002). In
other words, the landholder exerts labour effort such that their marginal return on labour
effort is equal to its marginal cost.
As the return on a payment-for-actions contract is unrelated to labour effort, and labour cost
for the landholder is constant, the problem is then trivial. The conservation organisation is not
able to offer a payment amount that induces the landholder to exert any effort. The
landholder maximises their profit by entering the contract and not complying, thereby
receiving the payment without incurring a labour cost.

9.2.6 Payment-for-outcomes contract with unverifiable labour effort
Here it is assumed the conservation organisation is able to observe the biodiversity condition
achieved by the landholder’s labour effort. The payment can then be indirectly linked to the
landholder’s labour effort through the biodiversity condition function. The landholder labour
cost is constant in , but their profit is decreasing and concave in due to the form of the
biodiversity condition function (Equation 1). The problem is then tractable. The marginal
labour constraint for a single period payment-for-outcomes contract is:
=] > = ?'A?` %( , ] , E ).

An internal solution is found where:
^ ` ] −  = 0.

The marginal change in the biodiversity condition with respect to labour for a single period
contract is a function of the original biodiversity condition and the landholder’s labour effort
(Equation 2).
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Second-best solution
The second-best solution for a payment-for-outcomes contract where labour effort is
unverifiable is:
^ ` =  +  −

( , E )``
r 
`

(12).

The second-best solution for the conservation organisation when landholder labour effort is
unverifiable equates the marginal benefit from the contract with the marginal cost for the
organisation including a rent to the landholder. The marginal cost consists of the marginal cost
of labour, public funds to pay for this labour, and the rent to the landholder due to the
marginal labour constraint of the landholder paid with public funds. Overall the rent is an
additional cost as the second derivative of the biodiversity function with respect to labour is
negative and the biodiversity condition itself is positive. The second-best solution is optimal for
both the conservation organisation and the landholder but inferior to the first-best solution
with perfect information.
Figure 9-4 illustrates the increase in the marginal cost of labour for the conservation
organisation (due to the landholder’s additional rent) as a downwards shift in the marginal
social benefit. It is represented in this way as both the rent and the marginal social benefit are
dependent on the level of labour effort. The shift reduces the optimal labour effort of the
contract from,

∗

to,

6

.
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Marginal value
($/hour)

 + 


^ `
^ ` + ( , E )``
6

∗

Labour ( )

Figure 9-4 Internal solution of payment-for-outcomes contract when labour effort cannot be
verified. (Note:  opportunity cost of labour,  public cost of funds, ^ ` marginal benefit of
biodiversity improvement with respect to labour, ( , E )`` marginal cost of landholder rent
for unverifiable labour effort, ∗ optimal labour effort, 6 optimal labour effort given public
cost of funds and unverifiable labour effort.)

9.2.7 Payment for actions with unverifiable labour effort and
inaccurate assessment
The conservation organisation may be unable to perfectly assess either the biodiversity
condition at the end of the payment-for-outcomes contract or the landholder’s effort. In this
case the landholder’s expected profit is determined by the compliance constraint, outlined in
Equation 11. The landholder’s expected profit is:
% = (^ ^ ] ) −  − (1 − )^ ^ ] .

The marginal labour constraint is modified to reflect the expected profit of the compliant
landholder given the inaccuracy of monitoring:
=] > = ?'A?` %( , ] ).

An internal solution is found where:
(2 − 1)^ ` ] −  = 0.

Second-best solution
The second-best solution for unverifiable labour effort in a payment-for-outcomes contract is:
187

^ ` =  +  +

@3(8q)
q8

−

@3s(`,hl )stt

(13).

(q8)st u

In the second-best solution the conservation organisation equates their marginal benefit and
marginal cost of the contract. The accuracy of monitoring modifies the second-best solution,
by introducing an additional rent to the landholder and increasing the rent due to the marginal
labour constraint. When monitoring is perfect the solution simplifies to the above solution for
perfect monitoring in Equation 12. The increase in the marginal cost due to the inaccuracy of
monitoring is greater when the organisation is unable to observe the landholder’s labour effort
than when able to observe labour (Equation 11). Figure 9-5 shows the impact on the marginal
cost and marginal benefit of the contract to the conservation organisation as a result of
unverifiable labour effort and inaccurate assessment of landholder compliance. The optimal
labour effort for the contract is further reduced by the rent accruing to the landholder, from
to

6q

∗

. Both the wage rate and the rent because of the landholder’s marginal labour

constraint are increased due to the inaccuracy of monitoring. Of all scenarios investigated, the
case of inaccurate assessment when labour is unverifiable is expected to have the highest cost
of achieving a given level of biodiversity improvement.
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 +  +

2(1 − )
2 − 1


6q

∗

^ `
^ ` + ( , E )``
( , E )``
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Labour ( )

Figure 9-5 Internal solution of payment-for-outcomes contract when labour effort cannot be
verified. (Note:  opportunity cost of labour,  public cost of funds,

@3(8q)
q8

marginal cost of

landholder rent for inaccurate monitoring, ( , E )`` marginal cost of landholder rent for
unverifiable labour effort, ^ ` marginal benefit of biodiversity improvement with respect to
labour, ∗ oprimal labour effort, 6q optimal labour effort given public cost of funds,
unverifiable labour effort and inaccurate monitoring.)

9.3 Conclusion
The first-best solution to the conservation organisation’s problem of maximising social benefit
from conservation contracting, equates the marginal benefit of conservation with the marginal
cost of labour, adjusted for the shadow price of public funds. With perfect information about
labour input and outcomes, the regulator is indifferent between administering this as a
payment-for-actions or payment-for-outcomes contract.
Imperfect monitoring of either actions or outcomes imposes an additional cost on the
regulator as they are required to pay the landholder additional rent to ensure compliance.
Without this rent, landholders would participate, but not comply.
Finally where labour is non-verifiable, the landholder switches to a profit maximizing strategy
and, with a simple payment-for-outcomes contract, has an incentive to further reduce labour
effort. In the next chapter a numerical model is used to assess the welfare implications of
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different assumptions relating to the information available to the regulator and the accuracy of
monitoring technology.
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Chapter 10. Results for principal-agent analysis
of conservation contracts in Western Australia
10.1 Introduction
This Chapter outlines a principal-agent model of hypothetical payment-for-actions and
payment-for-outcomes contracts for the North-Eastern Regional Organisation of Councils
(NEWROC) region. The model analysis presented here is a complimentary analysis to the
Markov-chain results presented in Chapter 8. Chapter 8 examined the optimal investment in
payment-for-actions and payment-for-outcomes contracts, incorporating the use of
monitoring by the conservation organisation for both decision making and determining the
conservation contract payment amount. In this chapter, the principal-agent model shows the
impact on this investment of the landholder’s response to inaccurate assessment of their
compliance with the contract.
The Chapter is organised as follows. Section 10.2 gives a summary of the principal-agent model
developed in Chapter 9. Section 10.3 describes parameter estimates for the NEWROC region.
In Section 10.4 results are presented for both payment-for-actions and payment-for-outcomes
contracts with perfect and costless monitoring of landholder compliance with the contract. In
the following sections, results for contracts with inaccurate monitoring and unverifiable labour
effort are presented. A sensitivity analysis is conducted on woodland valuations and effort
costs.
Detailed information about NEWROC and its landholders was presented in Chapter 5, with
photos of eucalyptus woodland at various stages of degradation and revegetation in Appendix
2. Figure 10-1 describes the contracting process for a payment-for-actions and a payment-foroutcomes contract between a conservation organisation and a landholder. A payment-foractions contract pays the landholder based on the observation of labour effort during the
contract, with payment ] at the end of the contract. Payment-for-outcomes contracts ties the
payment amount to the environmental outcomes observed at the end of the contract ^ ,

paying ^ ] . Environmental outcomes are measured as a biodiversity condition score,
described below. The two contracts modelled are five-year voluntary agreements between the
conservation organisation and the landholder. Refer to Table 10-1 for a glossary of the symbols
used.

191

Payment-for-actions contract

Organisation

Receive _

Offer contract
, ]

Landholder
Accept
contract

Monitor
Pay , ]

Undertake

Receive ]

Receive _

Monitor , ^
Pay , ^ ]

Time

Payment-for-outcomes contract

Organisation

Offer contract
, ^ ]

Landholder
Accept
contract

Undertake

Receive ^ ]

Time

Figure 10-1 Timeline of contracting process for payment-for-actions and payment-for-outcomes
contracts between conservation organisation and landholder.

The contracting process involves the conservation organisation and the landholder agreeing a
contract, and undertaking actions. At completion of the contract, the conservation
organisation monitors to determine whether the landholder has applied sufficient labour
effort or not. The results of monitoring determine whether a payment is made. In the initial
analysis it is assumed that payments under both payment-for-actions and payment-foroutcomes contracts are made on the basis of whether or not sufficient labour effort is
observed. In the second part of the chapter, compliance with a payment-for-outcomes
contract is based on the observed environmental outcome. In this study, contract monitoring
and enforcement of the contract are also referred to as assessment.
The conservation organisation’s objective is to set a payment amount to maximise social
welfare resulting from the contract. The social welfare function for a payment-for-actions and
a payment-for-outcomes contract is given in Equation 1 and in Equation 2. The full model and
proof of theoretical solutions is detailed in Chapter 9 and Appendix 3.
c( , ] , E ) = _( , E ) + %( , ] , ) − )( , ] , )

(1)

c( , ] , E ) = _( , E ) + %( , ] , E , ) − )( , ] , E , )

(2)
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Social welfare includes the value of woodland improvement to society _, the landholder’s
profit % and the cost of the payment and assessment to the conservation organisation ). The

conservation organisation seeks to maximise the social welfare for the expected
environmental services given the landholder’s ability to improve the biodiversity condition
with their labour effort , and the cost of securing the landholder’s action ] or ^ ] . In
contracts with inaccurate and costly assessment, the conservation organisation bears the cost
of assessment  and the final expected payment to the landholder is affected by the
probability of monitoring being accurate .

The biodiversity condition in each time period ( , E ) is based on the Ricker discrete-time
nonlinear difference equation (Clark 2005). The Ricker curve is chosen as it represents the
growth and decline through time of the relevant variable4. The condition of the remnant at the
end of the period ^ increases exponentially from the initial condition E. The condition grows

according to the ‘intrinsic’ growth rate ? due to labour effort and the natural rate of

improvement or decline '. The internal rate of growth is scaled by the labour effort, with a

decreasing marginal return as it is assumed that 0 < j < 1. The condition also depends on

how close the initial stock level is to the maximum condition. Biodiversity condition ^ is
scored on a scale of 0 to 1, with 1 being a pristine woodland community and 0 being complete
and irreversible degradation. The level of biodiversity condition is given by:
^ = ( , E ) = E  d4Le`

f g(8h )
l

^ = ( , E ) = E  d4Le`

f g(8h )
l

(3).

The biodiversity condition with a zero labour effort is:
^4 = E  4(8hl )

(4).

Figure 10-2 shows the relationship between the biodiversity condition score and labour effort.
It is assumed that the contract has a strict inequality5, ' + alx > 0 implying that biodiversity
condition is improved by labour effort or unaffected if sE = 1.

4

The Ricker curve is generally applied to renewable resources and in particular fisheries.

5

The strictly concave biodiversity condition function and difference function analysis, shown in

Appendix 3, ensure the difference equation cannot show chaotic behaviour.
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Biodiversity
condition (^ )
1
'+? >0

E
0
Labour ( )

Figure 10-2 Biodiversity condition score response to labour effort over period .

The landholder determines their level of labour effort . The landholder expects to receive the
payment ^ ] when entering a payment-for-actions contract and ^ ^ ] when entering a
payment-for-outcomes contract. The landholder’s labour cost is the opportunity cost of labour
 . The landholder will only enter a contract if the expected profit is greater than or equal to
the best alternative option: here this is no labour effort and no payment. Equations 5 and 6
give the individual rationality constraint of payment-for-actions and payment-for-outcomes
contracts:
^ ] −  ≥ 0

(5)

^ ^ ] −  ≥ 0

(6).

For the conservation organisation to ensure that the landholder is compliant with the contract,
the landholder’s expected profit must also be greater than or equal to the profit from entering
the contract and not complying with it. This is referred to as the compliance constraint. When
the landholder undertakes labour effort and is correctly assessed by the conservation
organisation as compliant, they receive payment ] or ^ ] with probability  and incur the
cost  for their labour effort. If they are inaccurately assessed as non-compliant their profit is

− . A landholder who exerts no effort and is correctly monitored does not receive any

payments nor incur a cost. If the landholder does not apply any effort but is monitored,
incorrectly, as applying effort they expect to receive (1 − )^ ] or (1 − )^ ^ ]. The

194

compliance constraints for a payment-for-actions or a payment-for-outcomes contract are
given in Equation 7 and Equation 8 respectively:
^ ] −  ≥ (1 − )^ ]

(7)

 ^ ] −  ≥ (1 − )^ ^ ]

(8).

Determination of contract compliance is compromised when the conservation organisation is
unable to observe or verify the labour effort of the landholder during the contract. If the
landholder’s labour effort cannot be assessed at the completion of a payment-for-outcomes
contract, it may still be possible for the biodiversity condition of the woodland to be used as an
indirect measure of the landholder’s labour effort, allowing the payment amount to be
established. In this case, the landholder contributes labour effort to the contract until their
marginal expected profit is equal to zero. The landholder is optimising their return from labour
effort. In this study, this is referred to as the marginal profit constraint:
(9).

^ ` ] −  = 0

When the assessment of the biodiversity condition is inaccurate and costly the marginal profit
constraint becomes:
(2 − 1)^ ` ] −  = 0

(10).

10.2 Parameter estimates for NEWROC
The empirical model is based on data from the Auctions for Landscape Recovery project and
primary data collected for this study. Between 2003 and 2005 the Auctions for Landscape
Recovery project piloted an auction mechanism for selecting conservation projects in the
NEWROC area. Farmers were contracted for 3 years to undertake fencing, revegetation and
weed control activities (Gole et al. 2005). More recently, the Auctions for Landscape Recovery
Under Uncertainty project researched the change in biodiversity condition occurring within
NEWROC, both with active management (such as the Auctions for Landscape Recovery
contracts) and without (White et al. 2008). Analysis of landholder perceptions and costs using
Auctions for Landscape Recovery Under Uncertainty data was presented in Chapter 5.
Together these studies provide estimates of the various costs and outcomes of revegetation
measures for remnant woodland in the area. Estimates for each of the principal-agent model
parameters for the NEWROC area are given in Table 10-1 below.
Few studies have been conducted into the community willingness to pay for environmental
services in Australia. In this study a value of $40 per hectare per year is used as an estimate of
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the benefit to society of eucalyptus woodland in NEWROC . As with the Markov-Chain
analysis presented in Chapter 8, this estimate is derived from work on similar eucalyptus
woodland in New South Wales and Victoria. On average, individuals within New South Wales
were currently willing to pay $75 towards management of remnant native woodland in the
Murray catchment area (Lockwood et al. 2000). Victorians were willing to pay $72 now for
management of the North-east region of Victoria Murray catchment area (Lockwood et al.
2000). In both studies, management of remnant native woodland was for 40 years and
included fencing large remnant woodland blocks, prohibitions on clearing, and restrictions on
grazing and collecting timber. Management of the Murray catchment’s 203,429 hectares of
remnant woodland within New South Wales was estimated to provide a benefit of $75.6
million on aggregate to the New South Wales population, or approximately $30/ha/year.
Management of the 113,313 ha of remnant woodland in North-eastern Victoria was estimated
to benefit Victorians by $60.7 million, or approximately $40/ha/year. For a comparison a study
in northern Queensland that valued teatree woodlands at $18/ha/year and wetlands at
$2812/ha/year (Mallawaarachchi et al. 2001). The impact of higher valuations of woodland is
investigated using sensitivity analysis presented in sections 10.3.2 and 10.3.4.
The estimate of society’s valuation of NEWROC woodland at $40/ha/year is also in line with
the State forest reserves expenditure of the Western Australian Department of Environment
and Conservation. The Department of Environment and Conservation in the 2008/09 financial
year had a budget of $30/ha/year to manage State Forest and Timber Reserves, with actual
expenditure being $41/ha/year (Department of Environment and Conservation 2009).
The shadow price of public funds6  is assumed to be 10% (Moxey et al. 1999). The long-term

real interest rate " used to calculate the discount factor  was 7% (Lockwood et al. 2000). This
discount rate is also used in the valuation of native remnant woodland in NSW and Victoria
(Lockwood et al. 2000), on which the valuation of NEWROC woodland is based.

6

Also known as the marginal excess burden of taxation.
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Table 10-1 Parameter estimates, variables and functions per hectare, based on NEWROC (Gole
et al. 2005; White et al. 2008).
Parameter
Value environmental benefit
Opportunity cost of labour
Landholder efficiency woodland change
Initial state of woodland
Rate of decline of unmanaged native
woodland
Interest rate
Shadow price of public funds
Accuracy of field assessment
Cost of field assessment
Accuracy of remote assessment
Cost of remote assessment
Variables
Labour effort
Payment for action payment amount
Payment for environmental services
payment amount
Functions
Social welfare function
Environmental benefit
Landholder profit
Cost of payments
Biodiversity condition score

Symbol


?, j
E
'
"





]
]
c
_( , E )
%( , ] , )
%( , ] , E , )
)( , ] , y)
)( , ] , E , y)
( , E )

Units
$/year
$/hour
/hour
%

Estimate
40
61
0.15,0.5
60
0

%
%
%
$
%
$

7
10
95
10
70
1

hour/period
$
$

$
$
$
$
$

The landholder’s ability to change the biodiversity condition, j, and the natural rate of change
in unmanaged woodland, ', are estimated from remote and field assessments of biodiversity

condition change in NEWROC (White et al. 2008). The biodiversity condition of 70 managed
and unmanaged remnant woodland sites was estimated each year from 2003 to 2007.
Managed remnant woodland sites were part of the Auctions for Landscape Recovery scheme.
The biodiversity condition was scored on a scale from 0 to 1, with 1 being a pristine woodland
community and 0 being severely degraded. Refer to section 8.3 in Chapter 8 for a discussion of
the various attributes of pristine and degraded eucalyptus woodland and conservation work in
NEWROC, with photographs presented in Appendix 2.
The average change in the quality of managed and unmanaged woodland in NEWROC is shown
in Figure 10-3. The two ‘bumps’ of the managed distribution indicate the distinction between
management to maintain the biodiversity condition of the woodland, and management to
improve its condition. This is in line with ecological studies in Western Australia that have
found intensive management is more effective in achieving successful restoration, while
197

minimal efforts such as fencing to reduce grazing have limited effect (Yates et al. 2000; Yates
et al. 2000). NSW studies replicate the finding that fencing alone is insufficient to improve
woodland quality and biodiversity condition (Spooner et al. 2002), though in longer term
studies it is shown to be useful (Spooner and Briggs 2008).

Figure 10-3 Average biodiversity condition score of managed and unmanaged woodland in
NEWROC (White et al. 2008).

The impact of management on the biodiversity condition score is dependent on the
landholder’s labour effort (Equation 3). It is estimated that management to improve remnant
native woodland over the three years of the comparable Auctions for Landscape Recovery
contracts required approximately 1 hour of labour per hectare each year (Gole et al. 2005).
The biodiversity condition score for managed sites increased by 0.03 units (3 per cent) of the
biodiversity condition score on average from 2003 to 2007 (White et al. 2008). The efficiency
of labour is calculated as approximately 0.007 points of the biodiversity condition score per
hour of labour effort per hectare each year. The assumed landholder labour efficiency ? is

then 0.15, with j being 0.5, for a five year contract. The estimated biodiversity condition of

unmanaged land ' from Figure 10-3 does not improve or decline, a natural rate of change of 0.
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The initial biodiversity condition score E is estimated to be 0.6. This is the average initial score
for remnant woodland in NEWROC.
The cost of labour effort is estimated from landholder survey results in Chapter 5, the Auctions
for Landscape Recovery Under Uncertainty results, and State Government Award rates. Survey
results indicate landholder’s value their own labour and contract labour for revegetation work
at approximately $25/hour. The shadow price of landholder labour for conservation work is
estimated to be $58 per day, or approximately $7/hour (White et al. 2008). Both results are
similar to the Farm Employee Award casual labour rate of $17.30/hour for work such as driving
machinery or working with sheep. In this study, an average of these estimates is used, with the
opportunity cost of landholder labour assumed to be $15/hour. The contract examined in this
chapter is for five years of labour effort. The opportunity cost of labour  is then $61/hour for
1 hour of labour effort each year of the 5 year the contract.
The assessment techniques available to the conservation organisation are assumed to be field
assessment by a local government officer, and remote assessment via a global information
system or satellite. Field assessment has a probability of accurately assessing the landholder’s
compliance  of 95% at a cost  of $10/ha (Gole et al. 2005). Field or on-ground assessment is
often used to ‘ground truth’ remote assessment (Rosenqvist et al. 2003), indicating that it has
a very high accuracy of assessment. Remote assessment has a lower accuracy of assessment,
 of 0.7, but is also lower cost,  of $1/ha (Peterson et al. 2002; Zha et al. 2003). The accuracy
of assessment was discussed in further detail in Chapter 4. Assessment takes place in the final
year of the contract, year five.

10.3 Results and discussion
Results are for a five-year contract between a representative landholder and a conservation
organisation. The potential benefits of the contract are assessed over 25 years, i.e. 20 years
beyond the end of the contract to allow time for the effects of the conservation action to be
realised. The case of perfect and costless monitoring is initially presented. Perfect and costless
monitoring is a benchmark to compare the results for field and remote monitoring against.

10.3.1

Payment-for-actions or payment-for-outcomes contract

The theoretical solution to the principal-agent model presented in Chapter 9 and Appendix 3
showed that the optimal designs are identical for payment-for-actions and payment-foroutcomes contracts when the landholder’s labour effort is verifiable or observable. In this
case, the conservation organisation invests in improvement of the biodiversity condition of
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native woodland until the return on the investment is equivalent to the cost of labour effort
plus the cost of public funds for the transfer. This is detailed in sections 9.2.1 and 9.2.2 of
Chapter 9.
The empirical solutions for a conservation organisation in NEWROC are then identical
irrespective of whether it is offering a payment-for-actions or payment-for-outcomes contract.
In NEWROC, the conservation organisation is unlikely to enter into a payment-for-actions or
payment-for-outcomes contract with the landholder. Contracting the landholder to improve
the woodland condition has a net present value of $1/ha to society. The landholder is
contracted for 0.02 hours/ha/year of labour effort for an expected payment of $2.20/ha. The
expected payment being, the final payment ] for a payment-for-actions contract, or the final
payment ] scaled by the biodiversity condition score ^ of 0.60 for a payment-for-outcomes
contract.
Sensitivity analysis of individual parameters was performed to determine under which
conditions contracting with the landholder is more desirable. The parameters investigated
were the social value of pristine woodland to society and the landholder’s labour cost. It is
desirable for the conservation organisation to offer a contract to the landholder when the
value of pristine woodland  is $200/ha/year or above (Table 10-2). The landholder is
contracted for 0.4 hours/ha/year of labour effort or a biodiversity condition score of 0.62. This
is comparable with the labour effort of current conservation contracts offered to landholders.
The expected payment to the landholder at the completion of the contract is $35/ha. The
landholder’s individual rationality constraint is binding, $35 is their labour cost per hectare and
their expected profit is $0/ha. When pristine woodland is valued at $500/ha/year the
landholder is contracted for 3.0 hours/ha/year of labour effort and the final biodiversity
condition is 0.67. The landholder is expected to be paid $91/ha and the net present value of
the contract is $180/ha. This represents a highly valued site being invested in due to its social,
cultural or recreational importance. The sensitivity analysis indicates the conservation
organisation should target their investment in conservation contracts to high value sites to
ensure a substantial return on the investment.
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Table 10-2 Sensitivity analysis of optimal design and outcome for different pristine woodland
valuations (payment for actions or payment for outcomes; perfect and costless monitoring)
(per hectare).
Veg value
($/year) z
40
100
200
500
1000

Labour eff
(hr/year) {
0.02
0.10
0.42
3.0
15

Payment
($) |} , ~ |
1.30
8.60
36
250
1300

Profit
($) 
0
0
0
0
0

Biodiv cond
(%) ~
0.60
0.61
0.62
0.67
0.76

Net present
value ($) 
1.00
6.60
27
180
810

Sensitivity analysis was also conducted into the landholder labour cost required for contracting
to be more attractive to the conservation organisation. When the cost of labour decreases
from $15/hour to $5/hour the net present value of the contract increases from $1/ha to
$3.20/ha (Table 10-3). When landholder labour costs $5/hour the optimal labour effort is
0.14 hours/ha/year, giving a final woodland quality ^ of 0.61. The landholder’s expected
payment ] , ^ ] is $4.20/ha. Cheaper landholder labour increases the number of hours they
are contracted for and the overall outcome of the contract. For a labour cost of $1/hour the
landholder is contracted for 4.5 hours/ha/year of labour effort, achieving a biodiversity
condition score of 0.68. The landholder’s expected final payment is $26/ha and the net present
value of the contract becomes $18/ha. A labour cost of $1/ha corresponds to landholders who
have a private return on the investment in improving the woodland equivalent to the
opportunity cost of their labour. The maximum labour cost for the contract with perfect and
costless monitoring to have a positive return from the contract is $37/hour.

Table 10-3 Sensitivity analysis of optimal design and outcome for different landholder labour
costs (payment for actions or payment for outcomes; perfect and costless monitoring) (per
hectare).
Labour cost
($/year) 
1
5
10
15

Labour eff
(hr/year) {
4.50
0.14
0.04
0.02

Payment
($) |} , ~ |
26
4.20
2.00
1.30

Profit
($) 
0
0
0
0

Biodiv cond
(%) ~
0.68
0.61
0.61
0.60

Net present
value ($) 
18
3.20
1.60
1.00

The parameter values required for a contract to yield a substantial net benefit for the
conservation organisation would only occur in exceptional circumstances. There may be
woodland that can match the high values examined above, but they would be sites containing
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unique environmental services such as very rare or endangered flora or fauna, cultural
significance or high recreation use. A minority of farmers may be willing to offer their labour
for conservation works at a rate of $1 per hour, but these would be landholders with
exceptionally high valuation of the environmental outcomes. The results indicate that the
conservation organisation should be careful to select the most cost-effective interventions
available, targeting high-value sites and landholders with low labour costs.

10.3.2

Payment-for-actions or payment-for-outcomes contract

with inaccurate and costly assessment
The previous section was based on an assumption that landholder labour effort is observable
and is assessed with perfect accuracy. When landholder labour is observable but inaccurately
assessed, the optimal payment amount and labour effort of the landholder are not affected by
whether he or she is operating under a payment-for-actions and payment-for-outcomes
contract. Chapter 9 and Appendix 3 show that the conservation organisation invests in
improvement of the biodiversity condition of native woodland such that the return on the
investment is equivalent to the marginal costs of labour effort, allowing for the use of public
funds for the transfer and a rent to the landholder due to inaccurate monitoring. This is
detailed in sections 9.2.3 and 9.2.4 of Chapter 9.
Inaccurate and costly monitoring reduces the net present value of a payment-for-actions or
payment-for-outcomes contract compared with perfect assessment. The inaccuracy of
assessment increases the payment required by a rational landholder to enter and comply with
the contract. Therefore the net present value of the contract decreases for the same valuation
of woodland or landholder labour cost. Compared with perfect assessment (Table 10-2), the
net present value with inaccurate field monitoring is slightly reduced (Table 10-4). For
example, under base-case assumptions the net present value falls from $1 to $0.32/ha/year.
The landholder is contracted for the same number of hours/ha/year with field or perfect
monitoring, 0.02 hours/ha/year, and achieves the same biodiversity score, 0.6. The expected
payment

] , T ] to the landholder increases from $1.30/ha to $1.40/ha, due to the

rent required by the landholder to comply with an inaccurately assessed contract. The
expected final payment ] , T ] of $1.40/ha provides the landholder with an expected
profit of $0.05/ha from a contract with field assessment. A contract with perfect assessment
had an expected profit of $0/ha for the landholder.
Comparing Table 10-2 and Table 10-4 also shows how the valuation of pristine woodland
interacts with imperfect field monitoring to influence the optimal landholder labour effort,
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expected payment amount, and landholder profit. Given a valuation of $200/ha/year,
imperfect field monitoring decreases the optimal labour effort

from 0.42 to 0.40

hours/ha/year, although this is not enough to noticeably reduce the final woodland quality ^

from 0.62. The expected payment required by the landholder ] , ^ ] , is increased from $36 to
$39/ha/year and their expected profit increases from $0/ha to $1.40/ha. In is an example of
how the compliance constraint requires a higher payment to the landholder than the
individual rationality constraint, meaning the individual rationality constraint is not binding.
This is consistent with the theoretical solution presented in Chapter 9, sections 9.2.3 and 9.2.4.
The compliance constraint alters the landholder payment requirements and consequently the
investment decision of the conservation organisation. The negative impact of the inaccuracy
and cost of field assessment is reduced as the valuation of woodland increases, approaching
zero.

Table 10-4 Sensitivity analysis of optimal design and outcome for different pristine woodland
valuations (payment for actions or payment for outcomes; field monitoring) (per hectare).
Veg value
($/year) z
40
100
200
500
1000

Labour eff
(hr/year) {
0.02
0.10
0.40
2.90
15

Payment
($) |} , ~ |
1.50
9.40
39
290
1400

Profit
($) 
0.05
0.30
1.40
10
51

Biodiv cond
(%) ~
0.60
0.61
0.62
0.66
0.76

Net present
value ($) 
0.32
5.80
26
180
800

Comparing Table 10-5 and Table 10-3 shows how the landholder labour costs interact with
imperfect field monitoring. As previously, the impact of imperfect monitoring is small, resulting
in almost the same biodiversity condition, and slightly lower net present values, due to slightly
higher payments to landholders.
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Table 10-5 Sensitivity analysis of optimal design and outcome for different landholder labour
costs (payment for actions or payment for outcomes; field monitoring) (per hectare).
Labour cost
($/year) 
1
5
10
15

Labour eff
(hr/year) {
4.40
0.14
0.03
0.02

Payment
($) |} , ~ |
28
4.50
2.20
1.50

Profit
($) 
1.00
0.16
0.08
0.05

Biodiv cond
(%) ~
0.68
0.61
0.61
0.60

Net present
value ($) 
17
2.50
0.85
0.32

Remote monitoring has lower accuracy but also lower cost than field monitoring. Tables 10.4-5
and 10.4-6 show the sensitivity results for woodland value and labour cost under remote
monitoring. Comparing these to the results for field monitoring (Tables 10.4-3 and 10.4-4) and
perfect monitoring (Tables 10.4-1 and 10.4-2) we see the continuation of the trend observed
for field monitoring. The differences between perfect and remote monitoring are larger than
the differences between perfect and field monitoring when the valuation of woodland is lower
and landholder labour costs are higher. Remote monitoring reduces the net present value of
the base scenario by 32%, compared with 68% for field monitoring. At higher valuations of
woodland and lower labour costs, under scenarios when contracting provides a relatively high
return for the conservation organisation, remote monitoring has a more negative impact on
the net present value of the contract than does field monitoring. For example, at a woodland
valuation of $200/ha/year, remote monitoring reduces the return on contracting by 11%,
compared with perfect monitoring, while field monitoring reduced it by only 4%. At a
landholder labour cost of $1/hour, field monitoring reduces the return on the contract by 6%
but remote monitoring reduces the return by 17%.

Table 10-6 Sensitivity analysis of optimal design and outcome for different pristine woodland
valuations (payment for actions or payment for outcomes; remote monitoring) (per hectare).
Veg value
($/year) z
40
100
200
500
1000

Labour eff
(hr/year) {
0.01
0.08
0.32
2.20
11

Payment
($) |} , ~ |
2.60
17
68
480
2400
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Profit
($) 
0.56
3.60
15
100
510

Biodiv cond
(%) ~
0.60
0.61
0.62
0.66
0.73

Net present
value ($) 
0.85
5.70
24
160
690

Table 10-7 Sensitivity analysis of optimal design and outcome for different landholder labour
costs valuations (payment for actions or payment for outcomes; remote monitoring) (per
hectare).
Labour cost
($/year) 
1
5
10
15

Labour eff
(hr/year) {
3.30
0.11
0.03
0.01

Payment
($) |} , ~ |
48
8.00
3.90
2.60

Profit
($) 
10
1.80
0.84
0.56

Biodiv cond
(%) ~
0.67
0.61
0.61
0.60

Net present
value ($) 
15
2.70
1.30
0.85

Figure 10-4 shows the overall impact of inaccurate assessment on net present value of
contracting at different valuations of pristine woodland and Figure 10-5 shows the equivalent
graph for different landholder labour costs. At pristine woodland valuations of $100/ha/year
or above, a contract with field assessment has a higher net present value than remote
assessment. Also, at a cost of landholder labour $3/hour or below field assessment is preferred
to remote. The conservation organisation should target investment to sites with a high
valuation of woodland or low landholder labour cost to achieve a reasonable return on the
contract. Field monitoring of contract compliance would be preferred to remote monitoring in
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these circumstances.
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Figure 10-4 Net present value of the optimal payment-for-actions or payment-for-outcomes
contract with perfect, field or remote assessment at different valuations of pristine woodland.
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Figure 10-5 Net present value of the optimal payment-for-actions or payment-for-outcomes
contract with perfect, field or remote assessment at different landholder labour costs.

10.3.3

Payment-for-outcomes contract with unverifiable labour

effort
When the conservation organisation is unable to verify the landholder’s labour effort, the
contract must pay on outcomes. The landholder selects the labour effort that maximises profit
by equating marginal costs with marginal benefits, as in Equation 9 above. This marginal profit
constraint is incorporated into the principal-agent model to examine the impact of unverifiable
labour effort on the optimal contract design and outcome for the conservation organisation.
The conservation organisation invests in biodiversity improvement so the marginal
improvement with respect to landholder labour is equal to the marginal cost of acquiring it
due to the opportunity cost of labour, cost of public funds and a rent to the landholder to
ensure participation. This is detailed in section 9.2.6 of Chapter 9.
The conservation organisation would not enter into a payment-for-outcomes contract under
the base-case scenario when labour effort is unverifiable but the biodiversity condition of the
woodland at completion of the contract can be observe accurately and costlessly. Analysis
shows that the inability to assess or observe labour effort increases the payment required by
the landholder, decreasing the outcomes of the contract. Sensitivity analysis indicates that the
valuation of pristine woodland  must be $500/ha/year or above for a payment-for-outcomes
contract to provide a positive net present value for the conservation organisation (summarised
in Table 10-8). The expected payment to the landholder ^ ] is $120/ha and their expected
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profit % is $87/ha. The biodiversity condition of the woodland ^ remains 0.60 and the net
present value of the contract to the conservation organisation is $0/ha. At this valuation of
woodland, when labour is unobservable the value of the improvement in biodiversity
condition to society is equal to or slightly higher than the cost to the conservation organisation
of the profit required by the landholder to enter the contract. For comparison, when pristine
woodland is valued at $500/ha/year and labour is observable, the net present value of a
payment-for-outcomes contract is $180/ha/year (Table 10-2).

Table 10-8 Sensitivity analysis of optimal design and outcome for different pristine woodland
valuations (payment for outcomes; unverifiable labour effort; perfect and costless monitoring)
(per hectare).
Veg value
($/year) z
40
100
200
500
1000
1500

Labour eff
(hr/year) {
0
0
0
0.00
5.2
31

Payment
($) ~ |
0
0
0
120
4500
16000

Profit
($) 
0
0
0
87
4300
9300

Biodiv cond
(%) ~
0.60
0.60
0.60
0.60
0.69
0.83

Net present
value ($) 
0
0
0
0.10
240
1100

The landholder labour cost  must be no more than $1/hour for a payment-for-outcomes
contract with perfect monitoring to be viable when labour effort is unobservable (Table 10-9).
The landholder is then contracted to achieve a biodiversity condition score ^ of 0.62 for an

expected payment ^ ] of $130/ha. The landholder’s profit is $58/ha and the net present
value of the contract is $0.67/ha. By contrast, the return on a payment-for-outcomes contract
when landholder labour is verifiable and costs $1/hour is $18/ha/year (Table 10-3). The
conservation organisation’s inability to verify landholder labour effort noticeably reduces the
feasibility of contracting.
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Table 10-9 Sensitivity analysis of optimal design and outcome for different landholder labour
costs (payment for outcomes; unverifiable labour effort; perfect and costless monitoring) (per
hectare).
Labour cost
($/year) 
1
5
10
15

Labour eff
(hr/year) {
0.19
0
0
0

Payment
($) ~ |
130
0
0
0

Profit
($) 
58
0
0
0

Biodiv cond
(%) ~
0.62
0.60
0.60
0.60

Net present
value ($) 
0.67
0
0
0

The optimal payment-for-outcomes contract with perfect and costless assessment when
labour effort is unverifiable has a markedly lower return than the benchmark where labour if
verifiable. In NEWROC, a payment-for-outcomes contract with perfect assessment provides a
return of $180/ha when the valuation of woodland is $500/ha/year, but $0.67/ha when labour
effort cannot be verified. The return on a contract with a landholder whose labour cost is
$1/hour is reduced from $18/ha to $0.67/ha when labour is unverifiable rather than verifiable.
The profit required by the landholder to enter and comply with the contract when labour is
unverifiable reduces the return from conservation contracts substantially.

10.3.4

Payment-for-outcomes contract with unverifiable labour

effort and inaccurate assessment of biodiversity condition
The investigation of contracting when labour effort is unverifiable is extended by including
inaccurate assessment of the biodiversity condition. The analysis examines the extent to which
the conclusions of 10.4.2 are altered by the inability to verify landholder labour effort.
The impact of inaccurate assessment on the optimal design of a payment-for-outcomes
contract when labour is unverifiable is greater than the impact when labour is observable.
Comparing Table 10-4 with Table 10-10 shows the impact unverifiable labour effort has when
field monitoring is used for contract compliance. Field assessment of verifiable labour effort
reduces the net present value of contracting from $810/ha with perfect monitoring to
$800/ha, when the valuation of woodland is $1000/ha/year. In comparison, when labour
cannot be verified, field assessment of the biodiversity condition reduces the net present value
from $240/ha with perfect assessment to $190/ha. Payment for outcomes is only feasible with
field assessment of the biodiversity condition once the woodland value is greater than
$580/ha/year, compared with $500/ha/year for perfect assessment. With a $40/ha/year
valuation of woodland, the labour cost cannot be reduced such that contracting is feasible
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with field monitoring. Unverifiable labour effort increases the negative impact inaccurate
monitoring has on the outcome of contracting.

Table 10-10 Sensitivity analysis of optimal design and outcome for different pristine woodland
valuations (payment for outcomes; unverifiable labour effort; field monitoring) (per hectare).
Veg value
($/year) z
40
100
200
500
1000
1500

Labour eff
(hr/year) {
0
0
0
0
4.5
28

Payment
($) ~ |
0
0
0
0
6400
16000

Profit
($) 
0
0
0
0
4100
9400

Biodiv cond
(%) ~
0.60
0.60
0.60
0.60
0.68
0.81

Net present
value ($) 
0
0
0
0
190
990

Comparing Table 10-10 and Table 10-11 indicates remote monitoring is always preferred to
field monitoring of contract compliance by the conservation organisation when labour effort is
unverifiable. Remote assessment has a more negative impact on the net present value
compared with perfect and costless assessment than field assessment. The net present value
of the contract when the value of woodland is $1000/ha/year and the biodiversity condition is
assessed perfectly is $240/ha (Table 10-8). Field assessment reduces the net present value to
$190/ha (Table 10-10) and remote assessment makes the contract infeasible, a net present
value of $0/ha (Table 10-11). Payment for outcomes with remote assessment of the
biodiversity condition is only feasible once the value of the woodland is greater than
$1200/ha/year. This compares with $500/ha/year with perfect assessment and $580/ha/year
with field assessment. As with field assessment, the labour cost cannot be reduced such that a
contract with remote assessment is feasible when the woodland valuation is $40/ha/year.
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Table 10-11 Sensitivity analysis of optimal design and outcome for different pristine woodland
valuations (payment for outcomes; unverifiable labour effort; remote monitoring) (per
hectare).
Veg value
($/year) z
40
100
200
500
1000
1500

Labour eff
(hr/year) {
0
0
0
0
0
1.90

Payment
($) ~ |
0
0
0
0
0
10,000

Profit
($) 
0
0
0
0
0
1900

Biodiv cond
(%) ~
0.60
0.60
0.60
0.60
0.60
0.65

Net present
value ($) 
0
0
0
0
0
81

The negative impact of inaccurate monitoring on the net present value of a payment-foroutcomes contract is greater when labour effort cannot be verified than when it can be.
Comparing the impact of inaccurate monitoring with labour is verifiable and unverifiable,
when woodland is valued at $1000/ha/year, a payment-for-outcomes contract with verifiable
labour and perfect assessment has a net present value of $810/ha. Field assessment reduced
this return to $800/ha and remote assessment reduced it to $690/ha. When labour cannot be
verified and woodland is valued at $1000/ha/year, a contract with perfect assessment has a
net return of $240/ha. Field assessment reduces this to $190/ha and remote assessment
makes the contract infeasible, a return of $0/ha.
Unverifiable labour effort introduces a minimum valuation of woodland for the contract to be
feasible. Payment for outcomes with perfect assessment of the biodiversity condition required
the woodland have a value above $500/ha/year to be feasible. Contracts with field assessment
required a valuation of woodland above $580/ha/year and remote assessment a valuation
above $1200/ha/year. When labour effort cannot be verified, a payment-for-outcomes
contract with field monitoring has a higher net present value than one with remote monitoring
for all valuations of woodland. Figure 10-6 shows the overall impact of inaccurate assessment
on a payment-for-outcomes contract when labour effort is unverifiable compared with
verifiable, at different valuations of pristine woodland.
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Figure 10-6 Net present value of the optimal payment-for-outcomes contract perfect, field or
remote assessment when labour effort is verifiable or unverifiable at different valuations of
pristine woodland.

10.4 Conclusion
This Chapter provides an investigation of the design and outcomes of conservation contracts
for labour (payment for action) or biodiversity condition (payment for outcomes) considering
accuracy and cost of assessing landholder compliance with the contract. Contracting private
landholders within NEWROC Western Australia to improve the biodiversity condition of native
woodland has a very small net benefit for the base-case assumptions used in the analysis. It
provides a more reasonable return when the value of the woodland is very high (e.g. $200
rather than $40/ha/year), or the cost of landholder labour effort is very low (e.g. $1 rather
than $15/hour). The analysis shows that optimal payment-for-actions and payment-foroutcomes contracts are equivalent when landholder labour effort can be observed, whether
that observation is accurate or inaccurate.
The risk of inaccurate assessment of landholder compliance increases the payment required by
the landholder to be willing to participate. As the accuracy of monitoring decreases, the
landholder requires a higher expected payment to enter and comply with the contract.
Otherwise the landholder would benefit more from entering and not complying with the
contract in the hope of being inaccurately assessed as compliant.
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In NEWROC, field monitoring of landholder compliance with the contract is preferred to
remote monitoring when the contract provides a reasonable return to the conservation
organisation. When the return on the contract is above $10/ha, payment-for-actions and
payment-for-outcomes contracts have a higher return to the conservation organisation using
field monitoring of compliance than remote monitoring. This is because the compliance rent to
the landholder due to the higher accuracy of field monitoring compared with remote
monitoring is smaller than the cost increase due to the higher cost for the monitoring
technique.
When landholder labour effort cannot be verified, the contract has a much lower net present
value than when labour effort is verifiable. If the landholder’s labour effort cannot be
observed, the contract has a positive return only when the valuation of woodland is at least
$500/ha/year (assuming perfect monitoring), $580/ha/year with field monitoring, and
$1200/ha/year with remote monitoring. In this analysis, the conservation organisation prefers
field monitoring to remote monitoring for all valuations of woodland. The inability to verify
landholder labour effort significantly reduces the return on contracting for the conservation
organisation.
Overall, the results indicate that investment in payment-for-actions and payment-foroutcomes contracts in NEWROC is only attractive when labour effort can be verified and either
the site is of especially high value or the landholder’s labour can be acquired for a very low
cost. Incorporating the impact of inaccurate and costly assessment reduces the feasibility of
conservation contracts in NEWROC. The impact of unverifiable labour effort makes a paymentfor-actions contract infeasible and a payment-for-outcomes contract very unattractive. Field
monitoring is preferred to remote monitoring for all payment-for-actions and payment-foroutcomes contracts in scenarios where there is a relatively high net present value from the
project for the conservation organisation.
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Chapter 11. Conclusion
11.1 Overview
In Australia and other developed countries, a widely used form of environmental policy for
management of environmental services from agricultural areas are beneficiary-pays
mechanisms, such as incentives payments, stewardship payments and grants. These payments
aim to increase the supply of environmental services by altering the behaviour and decisions of
land managers. Effective use of incentive-based policy mechanisms relies on landholder
compliance, which depends on effective monitoring and enforcement of the contract.
Monitoring and enforcement link the landholder’s behaviour to the incentive or payment.
The government conservation agency and/or private conservation organisation (conservation
organisation) is faced with a number of choices about how to design monitoring and
enforcement strategies that will potentially alter the program’s cost-efficiency and
environmental effectiveness. Specifically, the conservation organisation must determine
whether to base the payment mechanism on the landholder’s actions (payment for actions) or
the environmental outcomes realised as a result of those actions (payment for outcomes).
Next, they must decide on various details of the payment, in particular the amount and the
level of action or outcomes required to qualify for payment. Finally, they must select the level
of investment in monitoring, taking account of the trade-off between cost and accuracy of that
monitoring. This study addresses these issues about the design of payment, monitoring and
enforcement strategies for environmental programs, considering a number of complexities:
the response of the landholder to different policies, the valuation of different environmental
assets, the complexity and uncertainty of environmental responses, and the costs and accuracy
levels of alternative monitoring technologies.
Previous research into conservation projects and policy mechanisms has focused on selection
of projects, selection of policy mechanisms, and project design. This study addresses the
relative lack of research into the use of monitoring and enforcement within conservation
projects and policy mechanisms. The study makes original recommendations about the design
of payment, monitoring and enforcement systems in conservation projects and policy
mechanisms.
This research included a number of component analyses. Firstly, a survey explored the
response of participants in conservation programs to the knowledge that assessment of their
compliance with contracts will be inaccurate, as well as their costs and motivations for
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conservation work. The effect of different landholder management on the condition of native
woodland was estimated using aerial imagery. The information collected was used to analyse
the optimal investment level and design of conservation contracts for the conservation
organisation, allowing for the fact that monitoring is more-or-less inaccurate and costly. The
conservation organisation’s optimal investment in payment-for-actions and payment-foroutcomes contracts was determined using partially observable Markov-chain decision process
analysis. The optimal design of contracts was analysed using a principal-agent model. The
analysis assessed a hypothetical perfect monitoring process, a relatively accurate but
expensive field monitoring process, and a cheap but inaccurate remote monitoring process.

11.2 Key results
Insights about the research questions of the study (listed below) are summarised in the
following subsections.
1. For a case-study region, what motivates landholders to participate in and comply with a
conservation program?
2. How is the condition of native woodland in the case study region affected by alternative
management responses of landholders?
3. What is the optimal contracting method for investment by the conservation organisation,
payment for actions or payment for outcomes? How is this affected by inaccuracy in
monitoring?
4. What is the optimal monitoring method for investment by the conservation organisation,
field-based monitoring or remote monitoring? How is this affected by inaccuracy in
monitoring?

11.2.1

Landholder actions, attitudes and preferences

Analysis of data from a survey of landholders was performed to guide the design of theoretical
models of payment for actions and payment for outcomes, and to obtain parameter estimates
for empirical application of such models. The data were from the Auctions for Landscape
Recovery Under Uncertainty project in the North-Eastern Wheatbelt Regional Organisation of
Councils (NEWROC) region of Western Australia. The survey results detailed the conservation
actions, attitudes, and preferences of NEWROC landholders. The landholders’ response to
different conservation contract designs and inaccurate monitoring of their compliance with the
conservation contract could then be investigated.
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Landholders’ motivations to do conservation activities varied, although their behaviour
appeared in general to be driven or limited by economic considerations. Almost all survey
participants had undertaken conservation activities and most had applied to and participated
in a funded conservation program. A clear difference emerged between those practices that
had agricultural production benefits and those that only had conservation benefits.
Agriculturally beneficial practices were relatively likely to be adopted even without substantial
program funding, whereas conservation-only practices tended to need substantial program
funds to be adopted at high levels. Landholders had a slight preference for conservation
programs to use fixed payments rather than tenders. Landholders also had a slight preference
for conservation programs to use on-ground monitoring by scientists over remote monitoring
or self-monitoring. The survey results do not provide any clear indications of relationships
between characteristics of landholders or their properties, and conservation work done.
Economic factors remain central to landholder’s decision making in this region.
Insights from the modelling framework complemented the above survey results. Under perfect
information, a landholder would not choose to participate in the program unless he or she
intended to comply with the contract conditions being offered. However, where monitoring is
inaccurate, the possibility of non-compliance by a participating landholder emerges.
To explain, a participating landholder may choose to comply with the conditions of their
contract, or may decide not to comply in the hope that they will incorrectly be assessed as
having complied. If they comply, inaccurate monitoring means that they would be assessed as
non-compliant. This would tend to make them require a higher reward for complying, to offset
the loss they make when incorrectly assessed as non-compliant. If they are in fact noncompliant, inaccurate monitoring would provide the possibility of being incorrectly assessed as
compliant, resulting in a payment. Here too, inaccurate monitoring increases the expected
benefits of non-compliance. Thus, overall, when assessment is more inaccurate, a participating
landholder requires a higher payment to comply.

11.2.2

Woodland response to management

The change in woodland condition was estimated within NEWROC using a novel approach,
which involved calculating probabilities of transitions between woodland states, based on data
derived from aerial photographs. First, aerial photography was used to identify the quality of
native woodland at different points in time. Woodland quality was defined based on indicators
of biodiversity condition, such as the level of degradation at the boundary of the woodland.
Then, principal components analysis was used to identify various woodland sites that had
similar quality attributes. Thirdly, each principal component was assigned to a particular
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category of woodland (e.g. agricultural land, undegraded woodland) using a regression tree.
Fourthly, the probabilities of transition between each possible woodland category from one
period to the next were calculated. Finally, Eigen values were used to convert these estimated
transition probabilities into annual values, which were used to populate a Markov-chain
transition matrix. The approach described gives a more objective estimate of woodland change
compared with expert opinion, as it covers a long time frame and reduces the reliance on
subjective assessment. The results show undegraded native woodland and agricultural land is
most likely to remain in its current state while degraded land may improve, decline or remain
degraded.
Satellite observations were also matched with landholder survey data in a novel attempt to
estimate the relationship between woodland change and landholder actions and attitudes. The
combination of objective ecological assessment and landholder behaviour has not been
previously attempted in this way. The results show the heterogeneity and complexity of the
environmental-human relationship. There was no clear relationship between landholders’
actions and the probability of woodland transitioning from one state to another. Although the
small sample size limits our ability to draw robust conclusions, this attempt highlights a very
useful methodology for independently estimating the relationship between landholder effort
and ecological change.

11.2.3

Optimal investment in payment for actions or outcomes

The optimal choice by the conservation organisation between payment for actions and
payment for outcomes was examined using partially observable Markov-chain decision
processes (POMDP). In the NEWROC case study, the analysis indicates that it is optimal for the
conservation organisation to contract agricultural land using a payment-for-outcomes contract
considering a 5 year contract and 25 year time frame for environmental outcomes. Agricultural
land has the lowest biodiversity condition or woodland quality, so it offers the greatest
potential improvement. The base-case analysis indicates that all other land types should be left
uncontracted. That is, the benefits of investing in biodiversity on these lands are less than the
costs. For this result to be altered, society’s valuation of pristine bushland would need to be
increased from $40 per hectare per year to approximately $200 per hectare per year.
Alternatively, contracting is attractive if the cost of contracting is reduced to approximately
$10 per hectare per year, from $350/ha/year for revegetation and from $30/ha/year for
maintenance.
Payment for actions is not contracted as it is more expensive than payment for outcomes.
Payment for actions pays regardless of the environmental outcomes achieved, while payment
216

for outcomes only pays when a higher quality of environmental outcomes is achieved. The
model used was simplified, in that it did not factor in the possibility of landholders being
motivated to achieve greater outcomes under a payments-for-outcomes approach (which
might result from alterations to input usage). If this had been included, the preference for
payment for outcomes would have been stronger still.
The principal-agent model then considered the question of how the landholders’ response to
inaccuracy in monitoring influences the choice between payment for action and payment for
outcomes. When monitoring is perfectly accurate and the landholder’s labour effort can be
observed, payment for actions and payment for outcomes are effectively identical, in the
sense that they result in the same labour effort, the same environmental outcomes, and the
same payment levels. When monitoring of landholder labour effort is inaccurate, the
landholder’s requires a higher payment: a compliance rent. As a result, the conservation
organisation theoretically prefers more accurate monitoring technology if it is not more costly.
Including the cost of monitoring, means the conservation organisation’s preference is
indefinite. In the NEWROC case study with a $200/ha/year valuation of woodland, the
landholder received a profit of $1.40/ha from a contract where relatively accurate but
expensive field monitoring was used, and $15/ha when less accurate and cheaper remote
monitoring, compared with $0/ha with perfect monitoring. The net present value of each
contract to the conservation organisation was $27/ha with perfect monitoring, $26/ha field,
and $24/ha remote.
For some types of environmental management problems, it is not possible to observe whether
landholders have undertaken the agreed actions. In this case, compliance can only be judged
on the basis of whether environmental outcomes are achieved. A payment-for-actions
contract is unworkable. On the other hand, through most of this study it is assumed that
compliance is judged according to whether actions are undertaken, even in cases where
payments are made according to the level of environmental outcomes. This difference turns
out to be important. When actions are unobservable, the principal agent model shows that it is
necessary for the environmental manager to substantially increase the payment offered for
each unit of environmental outcomes. The result is a substantially higher level of cost. The
overall result is inferior to the case where compliance can be based on delivery of actions. In
the NEWROC case study with a $1000/ha/year valuation of woodland, the net present value to
the conservation organisation of a payment for outcomes contract where labour could not be
observed was $240/ha, $190/ha and $0/ha with perfect, field and remote monitoring
respectively.
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11.2.4

Optimal investment in field-based and remote monitoring

Monitoring has two potential uses: to guide decision making about which woodland to offer
contracts for, and to assess compliance with existing contracts. Two types of monitoring were
considered: relatively accurate, but relatively expensive, field-based monitoring, and cheaper
but less accurate remote monitoring.
Partially observable Markov-chain decision-processes analysis was used to analyse the choice
between these options for monitoring to guide decision making about which woodland to
invest in. For the NEWROC case study, it showed that, if any monitoring is worthwhile, remote
monitoring tends to be superior to field monitoring. The loss of environmental benefits due to
less accurate information being used in decision making was not severe, so the lower cost of
this form of monitoring was decisive.
For analysis of the second type of monitoring (for assessment of compliance), both Markovchain and principal-agent models were employed. The POMDP model indicated that remote
monitoring was superior. However, this model did not include representation of the
landholder’s behavioural response to the knowledge that assessment of their compliance
could be inaccurate. When this was factored in, in the principal-agent model, the result was
reversed, with the more accurate but more expensive field monitoring being shown to be
superior. The behavioural response to inaccuracy meant that more accurate information had
higher value.

11.3 Limitations of the study
There were a number of simplifying assumptions employed in the theoretical models
developed for this study. The study recognises the role of uncertainty about some aspects of
the system, but not all. The POMDP and principal-agent model were based on an assumption
that the environmental regulator knows how woodland will change in response to different
management actions. Although the conservation organisation may be uncertain about the
initial condition of woodland in the POMDP model, the outcome of each action for each state
is assumed to be known with certainty. The principal-agent model assumes the outcome (in
terms of environmental condition) of each level of labour effort is known by the landholder
and the conservation organisation. In reality, woodland change is uncertain, and in some cases
it may be highly uncertain. Incorporating this into either model would be difficult and, in the
judgement of the author, unlikely to lead to substantially different conclusions regarding the
preferences between payment for action and payment for outcome or choice of monitoring
employed.
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Throughout this study, monitoring is assumed to only occur at completion of the conservation
contract. Monitoring during the contract could alter landholder behaviour, and lead to a more
cost-effective outcome for the contract for the conservation organisation. However, without
monitoring at completion of the contract there is limited incentives for the landholder to
comply with the contract.
In the principal-agent model, landholder labour effort is assumed to be equal in each period of
the conservation contract. In reality, landholders may apply their labour effort differently
across years, depending on the climate and other demands on their time. In the model, the
application of labour is assumed to correspond to a variable application of labour with the
same average environmental outcome and cost.
The principal-agent model does not incorporate multiple agent types. As the landholder survey
indicates, there are potentially a number of different groups within the landholder population
who would consistently respond to incentives in different ways. Of the two groups identified
by the survey, one may be more cost-effective to contract with than the other. While it would
be socially ideal to contract with landholders who have a high valuation of native woodland,
this valuation also raises the cost of contracting them. To provide the greatest environmental
outcomes for a restricted budget, the analysis indicates that the conservation organisation
should target those landholders who are willing to work for a lower cost, which may include
landholders who do not value native woodland highly.
The principal-agent model also does not incorporate a fine or penalty for the landholder who is
assessed as non-compliant. A fine may enable the conservation organisation to reduce the
profit required by the landholder in order to comply with the contract. In interpreting the
results of the model, the profit required could be interpreted as the expected fine avoided as a
result of compliance.
The principal-agent model does not incorporate the risk preferences of the landholder. Riskaverse landholders would tend to lean towards preferring the certainty of a payment for
actions over an uncertain payment for providing environmental outcomes (although their
overall preference depends on other features of the options as well). As noted earlier, some
sources of uncertainty have not been explicitly represented in the analysis. For inclusion of risk
preferences to give valid results, all significant sources of uncertainty would need to be
represented.
Under a payment-for-actions contract, the conservation organisation bears the risk of
ecological change not occurring. Payment-for-outcomes contracts shift the risk of ecological
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change not occurring from the conservation agency to the landholder. The study does not
incorporate a response from the landholder to this change in their risk exposure; they are
assumed to be risk-neutral. In any switch from payment for actions to payment for outcomes,
a risk-averse landholder may respond to the resulting increase in risk by demanding a higher
level of compensation (a risk premium).
The valuation of NEWROC eucalyptus woodland by Western Australian society was estimated
from non-market valuation studies of comparable woodlands in eastern states. The
international significance of Western Australian woodland, as well as local conservation
priorities, mean that realistic values for the WA woodlands may not be consistent with eastern
states values.
The survey data collected by the Auctions for Landscape Recovery Under Uncertainty project
did not specifically address the response of landholders to assessment of their implementation
of funded projects. Respondents were generally willing to participate in programs with
assessment but their specific response to the possibility of assessment was not investigated.
Given their decision to participate in a program was generally financially based and they were
willing to participate in programs with assessment it is assumed their response to a program
with assessment would be the same as a program without assessment.
The small sample size of the NEWROC landholder survey results with corresponding aerial
imagery limited the analysis and conclusions that could be drawn. Further information on
property location and title deeds would be required to locate more of the survey population
within the region. The small survey size, combined with minimal property data and small
samples of aerial data for remnant woodland, prevented more robust conclusions from being
made.
A number of limitations to the approach used for estimating the transition probability matrix
for the POMDP analysis also exist. The scoring of woodland attributes and linking of identified
woodland categories with woodland states was based on subjective expert assessment. The
consistency and independent reproduction of the results is therefore limited by a degree of
subjectivity. The use of an established woodland model also may artificially constrict or extend
the number of woodland categories present.

11.4 Future research
Further research could be conducted to overcome the limitations identified above as well as to
extend the research into new areas.
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Extension of the woodland model within the POMDP analysis and principal-agent model could
give additional insights. Analysis of the role of uncertainty about the woodland condition could
be incorporated by sensitivity analysis of the POMDP transition probability matrix. The
principal-agent model would benefit from incorporation of stochastic woodland change, rather
than deterministic change.
The principal-agent model could also be extended by including fines or penalties for noncompliance, as well as risk preferences of the landholder. An agent-based model could also be
developed based on the principal-agent model to illustrate differences between landholders.
While it was estimated differences between landholders would not be significant within the
NEWROC context, they may well be for other regions or woodland types.
Application of the models developed to NEWROC could be improved by gathering further data
on woodland change and landholder characteristics. The small sample size and focus of the
landholder survey, particularly when combined with the limited aerial data of woodland
change, means estimates of parameters may well be improved by further survey research.
Further work with a larger sample has the potential to reveal more details about the
relationship between landholder actions and their ability to change the natural environment.
Additionally, research into the landholder’s response to inaccurate assessment of project
implementation would be useful.
Further empirical research could be conducted to apply the theoretical models developed to
other regions and conservation goals. Conservation programs have various goals besides
biodiversity conservation, such as carbon sequestration and wildlife habitat creation. Research
could extend the application of the POMDP analysis and principal-agent model into other
regions and conservation targets. In general, the design of conservation contracts can be
improved through further development of investment and incentive models, and application
of models to new regions and conservation targets.
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Appendix 1. Survey of landholders

Auction for Landscape Recovery
Under Uncertainty
A survey for the
Evaluation of the Auction for Landscape Recovery Under
Uncertainty DAFF Funded

School of Agricultural and Resource Economics

Questionnaire
Name of
participant:

Shire:

Name of
Interviewer:

Date of
Interview

Interview
START time:

Interview
FINISH time:
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SECTION 1:
NATURE CONSERVATION,
FARMING AND FINANCIAL ASSISTANCE
For the purposes of this survey natural resource management is defined into two
separate categories.
First natural resource management largely for private production benefits, this
includes preventing salinity on agricultural land, reducing soil erosion and
agroforestry using non-native species.
Second natural resource management largely for public benefit from nature
conservation, includes actions which directly or indirectly protect biodiversity. Such
actions include: revegating with native species, excluding sheep from bushland,
protecting bushland from salinity and fox baiting. {to be read}
1. Which of the following on-farm nature conservation activities have you done on your
farm over the past five (5) years? PLEASE CIRCLE ONE OR MORE RESPONSES
Feral animal control in bushland areas
Weed control in bushland areas
Fencing of bushland to exclude stock
Planting buffer vegetation around bushland areas
Salinity control primarily to protect bushland or wetlands
Revegetation using local native plant species
Revegetation for wildlife corridors
None of the above
Unsure

1
2
3
4
5
6
7
8
9

2. Have you been involved with any other on-farm nature conservation activities?
PLEASE WRITE IN RESPONSE

3. On average how many person days do you spend on nature conservation activities per
year (including, fencing, weed control, bush remnants and replanting native species)?
PLEASE WRITE IN RESPONSE_________days
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Not very
important

Somewhat
important

Very
important

Essential

Unsure

Improving the look of our property
Making a contribution toward the natural
environment
Government economic incentives
Improvements to the sustainability of my farm
land
Personal satisfaction from undertaking nature
conservation
Protecting native species for future generations
Having community involvement
Preserving bushland for future generations

Not at all
important

4. How important are the following factors in guiding your decisions about your on-farm
nature conservation activities? PLEASE CIRCLE ONE EACH LINE

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1
1
1

2
2
2

3
3
3

4
4
4

5
5
5

9
9
9

Not very
limiting

Somewhat
limiting

Very
limiting

Makes it
impossible

Unsure

Lack of time
Insufficient or inadequate information
Lack of financial assistance from government
Salinity impacts on native vegetation
Financial costs involved
Difficulty of coordinating with other farmers

Not at all
limiting

5. To what extent do the following factors limit your on-farm nature conservation
activities? PLEASE CIRCLE ONE RESPONSE ON EACH LINE

1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

4
4
4
4
4
4

5
5
5
5
5
5

9
9
9
9
9
9

6. What prevents you from getting involved in on-farm nature conservation activities?
PLEASE WRITE IN RESPONSE
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SECTION 2:
YOUR PARTICIPATION IN ENVIRONMENTAL SCHEMES
7.

Have you applied for or participated in any of the following nature conservation or environmental programs (both grant and non-grant
based)? PLEASE TICK EACH BOX WHERE RELEVANT OR CIRCLE A RESPONSE

Program

b. If yes, was your application
successful?
CIRCLE ONE RESPONSE

a. Have you ever
put in an
application to the
program?

c. Did you apply for
this program in the
past 5 years?
CIRCLE ONE
RESPONSE

d. Did you complete the
work? CIRCLE ONE
RESPONSE

Yes

No

Decision
pending

Don’t
recall

Yes

No

Yes

No

1

2

3

9

1

2

1

2

1

2

3

9

1

2

1

2

1

2

3

9

1

2

1

2

1

2

3

9

1

2

1

2

1

2

3

9

1

2

1

2



1

2

3

9

1

2

1

2

Woodland Watch




1
1

2
2

3
3

9
9

1
1

2
2

1
1

2
2

Land for Wildlife



1

2

3

9

1

2

1

2

Any other programs
(please sepcifiy below



1

2

3

9

1

2

1

2



1

2

3

9

1

2

1

2

Envirofunds



NHT grants



Remnant Vegetation
Protection Scheme
Search Project (CALM)
CALM’s Cost-sharing
Contracts
Auction for Landscape
Recovery





If box
ticked at
9a, answer
questions
9b , 9c
&9d
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8. If you answered ‘No’ to any part of question 7d, what stopped or prevented you from
completing the work? PLEASE WRITE IN RESPONSE

9. Do you have a covenant over part of your property? If so, please record the program
name, brief details of the conservation covenant and the name of the covenanting
agency below. PLEASE WRITE IN RESPONSE
Name of covenanting
Program Name
Details of conservation covenant
agency

10. Indicate how acceptable the following permanent restrictions on your property would
be. PLEASE CIRCLE ONE RESPONSE ON EACH LINE
Definitely Probably
May or Probably Definitely
would
would
Unsure
may not WOULD WOULD
NOT
NOT
Would you consider a
conservation covenant
to exclude sheep from
bush on your property?
Would you consider a
covenant to restrict
collecting firewood
from bushland

1

2

3

4

5

9

1

2

3

4

5

9
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11. As part of a funded program have you undertaken any of the following activities?
PLEASE SELECT ONE OR MORE RESPONSES
Feral animal control in bushland areas
Weed control in bushland areas
Fencing of bushland to exclude stock
Planting buffer vegetation around bushland areas
Salinity control to protect bushland or wetlands
Revegetation using local native plant species
Revegetation for wildlife corridors
Other (please specify)

None of the above
Unsure

1
2
3
4
5
6
7

97
99

12. Please indicate your level of willingness to participate in a funding program if the
following occurred: PLEASE CIRCLE ONE RESPONSE ON EACH LINE
Definitely Probably
May or
Probably Definitely
would
would
may not
WOULD WOULD Unsure
NOT
NOT
participate participate participate
participate participate
On ground
monitoring by a
1
2
3
4
5
9
scientist.
Remote monitoring
1
2
3
4
5
9
by satellite.
Self-monitoring
1
2
3
4
5
9
using photo points.
13. Have the conservation programs that you have been involved with had any form of
monitoring to check that work has been undertaken?
Yes

No

Unsure

Envirofunds

1

2

3

NHT grants

1

2

3

1

2

3

Search Project (CALM)
CALM’s Cost-sharing Contracts
Woodland Watch

1
1
1

2
2
2

3
3
3

Land for Wildlife

1

2

3

Program

Remnant Vegetation Protection Scheme

Any other programs (please specify below)
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14. Please indicate your level of willingness to participate in a conservation programme
where you might be paid . PLEASE CIRCLE ONE RESPONSE ON EACH LINE
Definitely
would
NOT
participate

Probably
would
NOT
participate

May or
may not
participate

Probably
WOULD
participate

Definitely
WOULD
participate

Unsure

Payments determined
1
2
3
4
5
9
by a tender
Payments fixed-price
1
2
3
4
5
9
grants
15. There is a growing trend in Australia for tenders to be used to distribute conservation
funding. Which of the following statements do you agree with.

Running tenders as opposed to
fixed-price schemes would
increase participation.
Competitive tenders are not fair
on farmers because the same
group of farmers will get all the
funding..
Does not really matter if contracts
are priced using a tender or fixedprices.
Tenders would make it difficult to
target conservation work.

Strongly
disagree

Disagree

Neutral

Agree

Strongly
Agree

Unsure

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

16. Which of the following roles or activities has a Landcare Coordinator advised you on
for your farm in the last two years? PLEASE CIRCLE ONE OR MORE RESPONSES
Revegetation planning
1
Bushland management advice
2
Salinity management advice
3
Soil conservation advice
4
Assistance with grant applications
5
Sourcing technical information
6
Assistance with coordinating land management with other farmers
7
Other roles or activities undertaken (please specify)

None of the above
Unsure

97
99
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SECTION 3:
DECISION MAKING ON THE FARM
17. Briefly describe decision making on your farm in terms of who is involved in decisions
and who has the final say.

18. Who is involved in decision making about whether or not you will do conservation
work on your farm? PLEASE SELECT ONE OR MORE RESPONSES
No-one else, I make decisions on my own
Spouse/partner
Mother/father
Son/daughter
Brother/sister
Colleague/business partner
Owner
Other (please specify)

Unsure

1
2
3
4
5
6
7

99
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19. Recalling the most recent significant conservation project on your farm, would you
please indicate who initiated the decision, who was involved in the discussion, who had
the final say and who filled in the forms (if any)? YOU MAY SELECT ONE OR
MORE RESPONSES FOR EACH QUESTION
a. Who
b. Who was c. Who had
d. Who
initiated the involved in
the final
filled in the
decision?
the
say?
forms (if
discussion?
any)?
Me
1
1
1
1
Spouse/partner
2
2
2
2
Mother/father
3
3
3
3
Son/daughter
4
4
4
4
Brother/sister
5
5
5
5
Colleague/business partner
6
6
6
6
Owner
7
7
7
7
Other (please specify)

Not applicable
Unsure

99

99

99

20. Do you expect one of your family to carry on farming when you retire?
Yes
1
No
2
Unsure
3
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98
99

Go to Q21

21. Is anyone in your household a MEMBER of a group interested in farm production, land
or nature conservation? PLEASE CIRCLE ONE RESPONSE
Yes
1
Go to Q22
No
2
Skip to Q23
Unsure
3
22. Please list the farm production, land or nature conservation group (or groups) that you
or others in your household are involved with and their main functions.
Name of Group

Main functions of the group
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SECTION 4:
ATTITUDE QUESTIONS
23. Consider the following situations. A 20 hectare block of fenced bushland with a high
conservation value is offered for sale by auction on the boundary of your property, what
bid would you submit?_ $___________ per hectare.
24. Consider the following situations. A 20 hectare block of unfenced, degraded bushland
with a low conservation value is offered for sale by auction on the boundary of your
property, what bid would you submit?_ $___________ per hectare.
25. Approximately how much does it cost you to erect a kilometre of 6 line fencing
(materials and your own labour)? _$___________ per kilometer.
26. Approximately how much does it cost to get a contractor to erect a kilometre of 6 line
fencing (materials and labour)? _$___________ per kilometer.
27. How much would it cost you per hour for your own labour for conservation work such
as revegetation and weeding? $___________
28. How much would you pay a contractor per hour for conservation work such as
revegetation and weeding? $___________
29. Your are offered tickets for the following lotteries, what is the maximum you would be
prepared to pay? PLEASE INDICATE ONE AMOUNT PER LINE.
Lottery

Number of participants and

Number

odds

1

5 people odds 1 in 5

100

2

5 people odds 1 in 5

500

3

10 people odds 1 in 10

1000

4

10 people odds 1 in 10

10000
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Payout ($)

Max payment ($)

SECTION 5:
CONSERVATION CONTRACTS CHOICES
Conservation Scheme
For the next set of questions, I would like you to consider the following scenario.

Avon Catchment Council (ACC) is running a project to improve the nature conservation
value of native bush and would like you to be involved in the project. ACC are aiming to
protect an even spread of patches of native bush over the region, and your involvement
would be highly valued, and requires you to protect and enhance a 10 ha block of degraded
remnant vegetation on your farm as part of a 5 year project. If you do not participate in the
scheme the bush will remain in its current state.

Within the 10 ha block of remnant vegetation you would need to do the following:
-

Fence the area (requires 2km of 6 line fencing)

-

Exclude all livestock

-

Not collect firewood from the bush

Under these conditions, it is expected that within 5 years 50 per cent of the understorey
(that is the shrubs and small plants) will be growing back. The condition of the bush after
five years, as assessed by a field survey, determines if a bonus payment is made in addition
to the initial payment. However, the probability of achieving a 50 per cent understorey
cover depends on how much labour is put into bush maintenance in terms of weed
treatment, replanting and reseeding. The probabilities of success Table 1 also depends upon
luck with the weather and previous experience of bush management.

It should be noted that the labour input for bush maintenance and fencing could be provided
either by regular farm staff, casual or contract workers depending on the situation on your
farm. The bonus payment, if the outcomes are achieved, is made in year five. The timings
of payments and costs are given in Table 2.
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Background Information

Table 1 Per cent success of achieving establishment after 5 years
Labour input person
Low
Average
days (8 hour) per year
2 days per year
0
50
5 days per year
0
60
10 days per year
30
70
20 days per year
50
80

Table 2 Distribution of costs and payments
Year
Labour input
Fencing cost

1
2km 6 line fencing

2
0

3
0

4
0

5
0

High
60
70
80
90

Payments
Initial payment
0
0
0
Chance of a Bonus Payment

The Avon Catchment Council are considering different types of contracts. Seven pages of
contract options. Respondent to make one selection per set.
At this stage show photographs of bush before and after conservation.
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Set 1

Option 1

Option 2

Labour days
per year

15

Probability of
successful
bush
regeneration

Neither

Set 2

Option 1

Option 2

15

Labour days
per year

15

15

80%

95%

Probability of
successful
bush
regeneration

90%

80%

Initial Payment
on completing
fencing

$8000

$5000

Initial
Payment on
completing
fencing

$5000

$8000

Bonus Payment
– after 5 years

$5000

$5000

Bonus
Payment –
after 5 years

$8000

$8000

Please TICK
your preferred
option

Please TICK
your
preferred
option
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Neither

Set 3

Option 1

Option 2

Labour days
per year

15

Neither

Set 4

Option 1

Option 2

10

Labour days
per year

15

10

90%

60%

Probability of
successful
bush
regeneration

95%

60%

Probability of
successful
bush
regeneration

Initial Payment
on completing
fencing

$5000

$8000

Initial Payment
on completing
fencing

$8000

$8000

Bonus Payment
– after 5 years

$14000

$8000

Bonus
Payment – after
5 years

$14000

$8000

Please TICK
your preferred
option

Please TICK
your preferred
option
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Neither

Set 5

Option 1

Option 2

Labour days
per year

10

Neither

Set 6

Option 1

Option 2

10

Labour days
per year

15

15

80%

90%

Probability of
successful
bush
regeneration

70%

70%

Probability of
successful
bush
regeneration

Initial Payment
on completing
fencing

$5000

$8000

Initial Payment
on completing
fencing

$14000

$14000

Bonus
Payment – after
5 years

$14000

$8000

Bonus Payment
– after 5 years

$14000

$5000

Please TICK
your preferred
option

Please TICK
your preferred
option
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Neither

Set 8

Option 1

Option 2

10

Labour days
per year

2

10

80%

Probability of
successful
bush
regeneration

30%

80%

$8000

Initial Payment
on completing
fencing

$5000

$5000

$5000

Bonus
Payment – after
5 years

$5000

$14000

Set 7

Option 1

Option 2

Labour days
per year

15

Probability of
successful
bush
regeneration

Initial Payment
on completing
fencing

Bonus
Payment – after
5 years

Please TICK
your preferred
option

95%

$14000

$8000

Neither

Please TICK
your preferred
option
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Neither

Set 9

Option 1

Option 2

Labour days
per year

2

Neither

Set 10

Option 1

Option 2

2

Labour days
per year

2

10

30%

80%

Probability of
successful
bush
regeneration

50%

60%

Probability of
successful
bush
regeneration

Initial Payment
on completing
fencing

$5000

$5000

Initial Payment
on completing
fencing

$8000

$14000

Bonus Payment
– after 5 years

$8000

$14000

Bonus Payment
– after 5 years

$8000

$8000

Please TICK
your preferred
option

Please TICK
your preferred
option
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Neither

Set 11

Option 1

Option 2

Labour days
per year

10

Probability of
successful
bush
regeneration

Neither

Set 12

Option 1

Option 2

2

Labour days
per year

2

10

60%

60%

Probability of
successful
bush
regeneration

50%

70%

Initial Payment
on completing
fencing

$14000

$8000

Initial Payment
on completing
fencing

$8000

$14000

Bonus Payment
– after 5 years

$14000

$5000

Bonus
Payment – after
5 years

$14000

$5000

Please TICK
your preferred
option

Please TICK
your preferred
option
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Neither

Set 13

Option 1

Option 2

Labour days
per year

2

Neither

Set 14

Option 1

Option 2

2

Labour days
per year

2

2

50%

60%

Probability of
successful
bush
regeneration

60%

30%

Probability of
successful
bush
regeneration

Initial Payment
on completing
fencing

$14000

$14000

Initial Payment
on completing
fencing

$14000

$14000

Bonus Payment
– after 5 years

$8000

$14000

Bonus Payment
– after 5 years

$5000

$8000

Please TICK
your preferred
option

Please TICK
your preferred
option
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Neither

SECTION 6:
BACKGROUND QUESTIONS ABOUT YOU AND YOUR FARM
30. What is the area of your farm or farms? IF YOU OWN MORE THAN ONE FARM,
PLEASE ENTER SIZE OF EACH FARM
Farm 1
Farm 2
Farm 3

ha
ha
ha

31. Of the total land you farm, what percentage is owned, leased, share-cropped and
managed by you? IF YOU OWN MORE THAN ONE FARM, PLEASE ENTER
RESPONSES FOR EACH FARM
% owned by you

% leased by you

% share-cropped

% managed by
you

Farm
1
Farm
2
Farm
3
32. What comprises your main farm business? PLEASE CIRCLE ONE OR MORE
RESPONSES FOR EACH FARM

Cereal crops
Oil seed crops
Grain legumes
Sheep or wool
Other (please specify)

None of the above
Unsure
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Farm 1
1
2
3
4

Farm 2
1
2
3
4

Farm 3
1
2
3
4

97
99

97
99

97
99

33. What proportion of your farm’s land is allocated to: PLEASE ENTER RESPONSE
FOR EACH FARM
Enter %
Farm 1 Farm 2 Farm 3
% cropping
% grazing
% native bushland
% oil mallee plantings
% other (please specify)

TOTAL

100%

100%

100%

34. What is your average yield per hectare for crops? PLEASE ENTER RESPONSE FOR
EACH FARM
Enter t/ha
Farm 1 Farm 2 Farm 3
Wheat
Barley
Oats
Legumes
Oil seed crops
Other (please specify)

35. Sheep management PLEASE ENTER RESPONSE FOR EACH FARM. If you do not
have sheep on the farm SKIP TO Q38
Farm 1

Farm 2

Farm 3

Farm 2

Farm 3

No of ewes
Stocking rate on pasture
Lambing rate
36. Bush management ENTER RESPONSE FOR EACH FARM
Farm 1
Proportion (per cent)of bush fenced and/or stock excluded
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Not very
important

Somewhat
important

Very
important

Essential

Unsure

Provide grazing most years
Provide grazing during drought years
Provide a wind break and shelter
other

Not at all
important

37. How important is bush in sheep production? PLEASE CIRCLE ONE RESPONSE ON
EACH LINE

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

5
5
5
5

9
9
9
9

38. What proportion of your household income would be from OFF-FARM income?
PLEASE CIRCLE ONE RESPONSE
Zero
1 to 25%
26% to 50%
51% to 75%
76% or more
Unsure
Prefer not to answer

1
2
3
4
5
9
98

39. Which of the following age groups do you fall into? PLEASE CIRCLE ONE
RESPONSE
18 to 29
30 to 39
40 to 49
50 to 59
60 to 69
70 years or older
Prefer not to answer

1
2
3
4
5
6
98

40. How many permanent full-time equivalent workers are there on the farm, including
yourself if you are involved in farm work and family members? PLEASE WRITE IN
RESPONSE _________Number of persons.
41. How many full-time equivalent casual workers are there on the farm including family
members? PLEASE WRITE IN RESPONSE _________Number of persons.
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42. Which of the following best describes the level of formal education you have
completed? PLEASE CIRCLE ONE RESPONSE
High school – year 10 leaving certificate
Senior high school – year 12 leaving certificate
Trade certificate
Agricultural college
Diploma or University degree
Postgraduate qualification
Other (please specify)

Unsure
Prefer not to answer

1
2
3
4
5
6

9
98

43. How frequently do you participate in field days and/or land management workshops
each year? PLEASE CIRCLE ONE RESPONSE
Never
1
Once or twice a year
2
Three or four times a year
3
Five to nine times per year
4
Ten times or more per year
5
Unsure
9

44. Do you give permission for us to look at bushland areas on your farm using publicly
available aerial photographs? PLEASE CIRCLE ONE RESPONSE
Yes
1
No
2
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Appendix 2. Photographs of native eucalyptus
woodland in Western Australia

Figure 1 An example of undegraded remnant eucalyptus woodland in the NEWROC area.

Figure 2 An example of degraded remnant eucalyptus woodland.
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Figure 3 An example of revegetated eucalyptus woodland, two years after revegetation work.

Figure 4 An example revegetated eucalyptus woodland, ten years after revegetation work.
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Figure 5 An example of agricultural land.
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Appendix 3. Principle-agent model theoretical
solution
1. Introduction
Chapter 9 developed a principle-agent model of a payment for actions and payment for
outcomes contract for biodiversity conservation in Western Australia. The proof for each firstbest and second-best solution presented in Chapter 9 is given below. The first section provides
a glossary giving symbols and units for variables and parameters. This also serves as a glossary
for Chapter 10.

2. Glossary
Functions
Social welfare function
Environmental benefit
Landholder profit
Cost of payments
Biodiversity condition score
Parameter
Value environmental benefit
Opportunity cost of labour
Landholder efficiency of vegetation change
Initial state of vegetation
Rate of decline of unmanaged native vegetation
Interest rate
Shadow price of public funds
Monitoring accuracy of on-ground assessment
Cost of on-ground assessment
Monitoring accuracy of remote assessment
Cost of remote assessment
Variables
Labour effort
Payment for actions payment amount
Payment for outcomes payment amount
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Symbol
ܼ
ߛሺ݈, ݏ ሻ
ߨሺ݈, ܾଵ ሻ
ߠሺ݈, ܾଵ ሻ
ߤሺ݈, ݏ ሻ

Units
$/ha
$/ha
$/ha
$/ha
$/ha

ݒ
ݓ
ܽ, ݀
ݏ
ݎ
݅
݁
݉

݉


$/ha/year
$/hour
/hour/ha
%
/ha
%
%
%
$/ha
%
$/ha

݈௧
ܾଵ
ܾଶ

hour/period
$/ha
$/ha

3. Payment for actions
The social welfare problem of the conservation organisation is:
ܼሺ݈, ܾଵ , ݏ ሻ = ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݁ߜ் ܾଵ
Subject to the individual rationality constraint:
ߜ் ܾଵ −  ≥ ݈ݓ0

ሺ1ሻ.

The Lagrangean composite function for the regulator’s constrained social welfare
maximisation for a payment-for-actions contract is:
ℒ = ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݁ߜ் ܾଵ − ߣଵ ሺߜ் ܾଵ − ݈ݓሻ

where ߣଵ is the Lagrangean multiplier for the individual rationality constraint.
Assuming on internal solution the first derivatives of the composite function are:
ℒభ = −݁ߜ் − ߣଵ ߜ் = 0

ߣଵ = −݁

ℒ = ߜ் ߤݒ −  ݓ+ ߣଵ  = ݓ0.

Following the elimination of the Lagrangean multiplier we obtain the first-order condition:
ߜ் ߤݒ =  ݓ+ ݁ݓ

ሺ2ሻ.

4. Payment for outcomes
The Lagrangean composite function for the optimisation of the conservation organisation’s
social welfare problem for a payment for outcomes contract is:
ℒ = ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݁ߜ் ߤሺ݈, ݏ ሻܾଶ − ߣଵ ሺߜ் ߤሺ݈, ݏ ሻܾଶ − ݈ݓሻ

where ߣଵ is the Lagrangean multiplier for the individual rationality constraint.
The first-best solution for the conservation organisation is:
ℒభ = −݁ߜ் ߤሺ݈, ݏ ሻ − ߣଵ ߜ் ߤሺ݈, ݏ ሻ = 0
ߣଵ = −݁

ℒ = ߜ் ߤݒ −  ݓ− ݁ߜ் ߤ ܾଶ − ߣଵ ሺߜ் ߤ ܾଶ − ݓሻ = 0
ߜ் ߤݒ =  ݓ+ ݁ݓ

ሺ3ሻ.

5. Payment for actions with inaccurate assessment of actions
The landholder compliance constraint is:
݉ߜ் ܾଵ −  ݈ݓ− ሺ1 − ݉ሻߜ் ܾଵ ≥ 0

ሺ4ሻ
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and the individual rationality constraint includes assessment accuracy on the landholder’s
expected profit:
ሺ5ሻ.

݉ߜ் ܾଵ −  ≥ ݈ݓ0

The Lagrangean composite function for a grant contract incorporating inaccurate assessment
is:
ℒ = ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ+ ݉ߜ் ܾଵ + ሺ1 − ݉ሻߜ் ܾଵ − ሺ1 + ݁ሻߜ் ܾଵ − ߣଵ ሺ݉ߜ் ܾଵ −
݈ݓሻ − ߣଶ ሺ݉ߜ் ܾଵ −  ݈ݓ− ሺ1 − ݉ሻߜ் ܾଵ ሻ

ሺ6ሻ

where ߣଵ and ߣଶ are the Lagrangean multipliers for the individual rationality constraint and the
compliance constraint respectively.
The compliance constraint implies the individual rationality constraint for ݉ > 0.5 as Equation
4 implies ݉ߜ் ܾଵ −  > ݈ݓ0, overall:

ሺ2݉ − 1ሻߜ் ܾଵ − ܾ ்ߜ݉ ≥ ݈ݓଵ −  ݈ݓ.

Thus the individual rationality constraint is not binding and ߣଵ = 0 and Equation 6 becomes:
ℒ = ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݁ߜ் ܾଵ − ߣଵ ൫ሺ2݉ − 1ሻߜ் ܾଵ − ݈ݓ൯.
The first order conditions are:
ℒభ = −݁ߜ் − ߣଶ ൫ሺ2݉ − 1ሻߜ் ൯ = 0
ߣଶ = −݁ൗሺ2݉ − 1ሻ

ℒ = ߜ் ߤݒ −  ݓ+ ߣଶ  = ݓ0
ߜ் ߤݒ =  ݓ+  ݁ݓ+

ଶ௪ሺଵିሻ
ଶିଵ

ሺ7ሻ.

6. Payment for outcomes with inaccurate assessment of
labour effort
The Lagrangean composite function for the optimisation of the conservation organisation’s
social welfare problem with a payment for outcomes incorporating inaccurate and costly
assessment is:
ℒ=

ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݁ߜ் ߤሺ݈, ݏ ሻܾଶ − ߣଵ ሺ݉ߜ் ߤሺ݈, ݏ ሻܾଶ − ݈ݓሻ −

ߣଶ ሺ݉ߜ் ߤሺ݈, ݏ ሻܾଶ −  ݈ݓ− ሺ1 − ݉ሻߜ் ߤሺ݈, ݏ ሻܾଶ ሻ

ሺ8ሻ.

where ߣଵ and ߣଶ are the Lagrangean multipliers for the individual rationality constraint and the
compliance constraint respectively.
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The compliance constraint implies the individual rationality constraint for all values of ݉ > 0.5
as above:
ሺ2݉ − 1ሻߜ் ߤሺ݈, ݏ ሻܾଶ − ߤ ்ߜ݉ ≥ ݈ݓሺ݈, ݏ ሻܾଶ − ݈ݓ.

Thus the individual rationality constraint is not binding and ߣଵ = 0 and Equation 8 becomes:
ℒ = ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݉݁ߜ் ߤሺ݈, ݏ ሻܾଶ − ሺ1 − ݉ሻ݁ߜ் ߤሺ݈, ݏ ሻܾଶ
− ߣଶ ሺ݉ߜ் ߤሺ݈, ݏ ሻܾଶ −  ݈ݓ− ሺ1 − ݉ሻߜ் ߤሺݏ ሻܾଶ ሻ

The first order conditions are:
ℒమ = −݁ߜ் ߤሺ݈, ݏ ሻ − ߣଶ ൫ሺ2݉ − 1ሻߜ் ߤሺ݈, ݏ ሻ൯ = 0
ߣଶ =

−݁
ሺ2݉ − 1ሻ

ℒ = ߜ் ߤݒ −  ݓ− ݁ߜ் ߤ ܾଶ − ߣଶ ൫ሺ2݉ − 1ሻߜ் ߤ ܾଶ − ݓ൯ = 0
ߜ் ߤݒ −  ݓ− ݁ߜ் ߤ ܾଶ − ߣଶ ൫ሺ2݉ − 1ሻߜ் ߤ ܾଶ − ݓ൯ = 0
ߜ் ߤݒ −  ݓ− ݁ߜ் ߤ ܾଶ + ݁ߜ் ߤ ܾଶ +
ߜ் ߤݒ =  ݓ+  ݁ݓ+

ଶ௪ሺଵିሻ
ଶିଵ

݁ݓ
=0
ሺ2݉ − 1ሻ

ሺ9ሻ.

7. Payment for outcomes with unverifiable labour effort
The Lagrangean composite function for the optimisation of the conservation organisation’s
social welfare problem for a payment for outcomes contract with unverifiable labour and
verifiable environmental outcomes is:
ℒ = ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݁ߜ் ߤሺ݈, ݏ ሻܾଶ − ߣଵ ሺߜ் ߤሺ݈, ݏ ሻܾଶ − ݈ݓሻ − ߣଷ ሺߜ் ߤ ܾଶ − ݓሻ
ሺ10ሻ.

where ߣଵ is the Lagrangean multiplier for the individual rationality constraint and ߣଷ is the
Lagrangean multiplier for the marginal labour constraint.
The marginal labour constraint implies the individual rationality constraint for all values of ݈ as:
ߜ் ߤ ܾଶ − ߤ ்ߜ ≥ ݓሺ݈, ݏ ሻܾଶ −  ݈ݓ.

Thus the individual rationality constraint is not binding and ߣଵ = 0 and Equation 10 becomes:
ℒ = ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݁ߜ் ߤሺ݈, ݏ ሻܾଶ − ߣଷ ሺߜ் ߤ ܾଶ − ݓሻ.

The first order conditions are:

ℒమ = −݁ߜ் ߤሺ݈, ݏ ሻ − ߣଶ ሺߜ் ߤ ሻ = 0
ߣଷ =

−݁ߤሺ݈, ݏ ሻൗ
ߤ
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ℒ = ߜ் ߤݒ −  ݓ− ݁ߜ் ߤ ܾଶ − ߣଷ ሺߜ் ߤ ܾଶ ሻ = 0

ߜ் ߤݒ −  ݓ− ݁ߜ் ܾଶ ߤ + ݁ߜ் ܾଶ ቆ
ߜ் ߤݒ −  ݓ− ߜ் ܾଶ ݁ ቂߤ −

ߤሺ݈, ݏ ሻߤ
ቇ=0
ߤ

ఓሺ,௦బ ሻఓ
ቃ
ఓ

= 0.

By assuming that the marginal labour constraint is satisfied as an equality, thus:
ܾଶ =

ݓ
ߜ் ߤ

ߜ் ߤݒ =  ݓ+

݁ݓ
ߤሺ݈, ݏ ሻߤ
ቈߤ − ቆ
ቇ
ߤ
ߤ

ߜ் ߤݒ =  ݓ+  ݁ݓ−

௪ఓሺ,௦బ ሻఓ
ఓ మ

ሺ11ሻ.

8. Payment for outcomes with unverifiable labour effort and
inaccurate assessment of outcomes
The Lagrangean composite function for the optimisation of the conservation organisation’s
social welfare problem for a payment for outcomes contract with unverifiable labour and
inaccurate assessment of the verifiable environmental services is:
ℒ=

ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݁ߜ் ߤሺ݈, ݏ ሻܾଶ − ߣଵ ሺ݉ߜ் ߤሺ݈, ݏ ሻܾଶ − ݈ݓሻ −

ߣଶ ሺ݉ߜ் ߤሺ݈, ݏ ሻܾଶ −  ݈ݓ− ሺ1 − ݉ሻߜ் ߤሺ݈, ݏ ሻܾଶ ሻ − ߣଷ ሺ݉ߜ் ߤ ܾଶ −  ݓ− ሺ1 − ݉ሻߜ் ߤ ܾଶ ሻ
ሺ12ሻ.

where ߣଵ is the Lagrangean multiplier for the individual rationality constraint, ߣଶ is the
Lagrangean multiplier for the compliance constraint and ߣଷ is the Lagrangean multiplier for the
marginal labour constraint.
The marginal labour constraint implies both the compliance constraint and the individual
rationality constraint all values of ݈ and ݉ ≥ 0.5 due to the functional form of ߤሺ݈, ݏ ሻ:
ሺ2݉ − 1ሻߜ் ߤ ܾଶ −  ≥ ݓሺ2݉ − 1ሻߜ் ߤሺ݈, ݏ ሻܾଶ − ߤ ்ߜ݉ ≥ ݈ݓሺ݈, ݏ ሻܾଶ −  ݈ݓ.

Thus the compliance constraint and individual rationality constraint are not binding, and
ߣଵ = 0 and ߣଶ = 0, so Equation 12 becomes:
ℒ = ߜ் ݒሺߤሺ݈, ݏ ሻ − ݏ ሻ −  ݈ݓ− ݁ߜ் ߤሺݏ ሻܾଶ − ߣଷ ൫ሺ2݉ − 1ሻߜ் ߤ ܾଶ − ݓ൯.
The first order conditions are:
ℒమ = −݁ߜ் ߤሺ݈, ݏ ሻ − ߣଶ ൫ሺ2݉ − 1ሻߜ் ߤ ൯ = 0
ߣଷ =

−݁ߤሺ݈, ݏ ሻ
ሺ2݉ − 1ሻߤ
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ℒ = ߜ் ߤݒ −  ݓ− ݁ߜ் ߤ ܾଶ − ߣଷ ൫ሺ2݉ − 1ሻߜ் ߤ ܾଶ ൯ = 0

ߜ் ߤݒ −  ݓ− ݁ߜ் ܾଶ ߤ +
ܾଶ =

ݓ
ሺ2݉ − 1ሻߜ் ߤ

ߜ் ߤݒ −  ݓ−

݁ߤሺ݈, ݏ ሻߜ் ߤ ܾଶ
=0
ߤ

݁ݓ
ߤ݁ݓሺ݈, ݏ ሻߤ
+
=0
ሺ2݉ − 1ሻ ሺ2݉ − 1ሻߤ ଶ

ߜ் ߤݒ =  ݓ+  ݁ݓ+

ଶ௪ሺଵିሻ
ଶିଵ

−

௪ఓሺ,௦బ ሻఓ
ሺଶିଵሻఓ మ

ሺ13ሻ.

9. Summary
Table 1 below summarises the internal solution of the conservation organisation’s social
welfare maximisation problem for conservation contract design when landholder labour is
verifiable or unverifiable and monitoring is accurate or inaccurate.
Table 1 Internal solution to conservation organisation’s welfare maximisation
Monitoring is accurate
Labour effort is
verifiable

ߜ் ߤݒ =  ݓ+ ݁ݓ

௪ఓሺ,௦బ ሻఓ
Labour effort is
ߜ் ߤݒ =  ݓ+  ݁ݓ−
*
ఓ మ
unverifiable
* Note: final term is always positive as ߤ is negative.
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Monitoring is inaccurate
2݁ݓሺ1 − ݉ሻ
ߜ் ߤݒ =  ݓ+  ݁ݓ+
2݉ − 1
ߜ் ߤݒ =  ݓ+

௪


−

௪ఓሺ,௦బ ሻఓ
*
ఓ మ

