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Executive summary

Biodiversity offsets aim to provide a measurable biodiversity benefit, or gain, to compensate for impacts, or losses, from
development activities. Offset actions can include restoration activities to increase or maintain the quality of habitat for
a species or to improve the condition of ecological communities, the abatement of a threat to a species or ecological
community, or protecting a site through tenure change to prevent loss of its environmental values in the future.

Offsets require the benefit from the offset action to be at least as large as the loss caused by the impact. So, effective
biodiversity offsetting requires information about the benefits of on-ground management actions to be readily available
to decision makers. It also often requires information about the relative costs of different offset options. A key challenge
of biodiversity offsetting is that this information is often difficult to obtain, or in many cases, may not exist.

An increasingly common technique for addressing conservation knowledge gaps, particularly with limited resources
to collect empirical data and the short time frames associated with decision making, is the use of expert knowledge.
Currently, there are no guidelines available on how to apply structured expert elicitation in a biodiversity offset context.

This document provides step-by-step guidance on how to use expert elicitation to estimate the benefits and costs of a
range of biodiversity offset actions. Our approach combines elements of structured decision making, well-established
expert elicitation techniques, and cost-effectiveness analysis.

This guidance is generic and can be used to ensure biodiversity offset decisions in a wide range of contexts are
informed by expert knowledge and evidence in an unbiased and consistent way. It can be used on a one-off basis to
identify an appropriate offset action for an individual case, or applied across a suite of matters that commonly trigger
offset requirements to create a catalogue of offset requirements for a given unit of impact. It can be used to estimate
benefits and costs of potential offset actions for species, groups of species, or ecosystems. We provide worked
examples using case studies for two Australian threatened species.

Expert-elicited estimates of benefit using the approach described herein should not replace sound, empirically-derived data
from trials of the effectiveness of actions. However, the approach presents a structured, repeatable way of accessing expert
knowledge and converting it into actionable information in the absence of complete data. It can also help reveal where
uncertainty about the benefits of offsets is genuinely unacceptably high. Ongoing field-based research is necessary to
continually improve decisions about how to benefit species and ecosystems affected by residual impacts of development.

Section 1. Background

Biodiversity offsets are increasingly relied upon to address residual impacts of development projects on biodiversity.
A successful biodiversity offset must generate enough benefit for impacted biodiversity — such as a species, or an
ecosystem — to fully counterbalance the impact that triggered the offset requirement.

Often we don't know what types of offset actions are most appropriate to benefit a particular species or ecosystem, or
we don't know how much benefit we will get from those offset actions. Expert knowledge can help to fill these gaps,
but eliciting this knowledge must be done in a clear and structured way to reliably and credibly inform biodiversity offset
decisions. Importantly, formal expert elicitation protocols are transparent and repeatable, so estimates can be updated
in the future if new information emerges.

This document is aimed at those involved in designing or evaluating proposed offset approaches, either at the level of the
individual action and associated offset, or at the level of an offset program, where knowledge is needed about the likely
benefits from offset actions for a range of species or ecosystems. It is intended to provide guidance on eliciting expert
knowledge, and quantifying uncertainty, about likely benefits of offset actions for components of biodiversity.

In Section 1, we introduce the basics of best-practice offsetting and outline the logic behind generating and estimating
the benefit associated with an offset action at a site. It also sets out some of the challenges associated with such
estimation, and describes how expert elicitation can help where knowledge gaps exist.

In Section 2, we set out how to generate credible and robust estimates of the likely benefits of alternative biodiversity
offset strategies, using expert elicitation. The approach can be used to evaluate or check the plausibility of a specific
proposed offset action at a particular site, to compare the relative benefits expected from alternative offset actions

at a generic, hypothetical offset site, or to explore how the amount of offset benefit might change depending on
hypothetical offset site characteristics. We also provide options for how to adjust the estimate of benefit based

on how uncertain the estimate is.



Section 3 provides a framework for eliciting information about the costs associated with offset actions, and analysing the
cost-effectiveness of different offset actions for threatened species. In many policy contexts, this information may not be
required, such as when a proposed offset approach needs only to be evaluated for its ability to counterbalance an impact.
However, it is likely to be useful in situations such as providing guidance when determining the appropriate size

of monetary contributions to central funds, which in turn deliver the required offset benefits.

Finally, Section 4 presents two case studies showing how the framework is used to derive offset benefits and costs for
examples of Australian threatened species: the malleefowl, and the night parrot.

1.1 Introduction

Biodiversity offsets are a widespread policy tool used by both the public and private sectors to compensate for the
adverse impacts of development projects (such as mineral extraction or infrastructure construction) on the environment
(Sonter et al., 2018; ten Kate & Crowe, 2014).

Biodiversity offsets are generally implemented following adherence to the “mitigation hierarchy”, the process by which
environmental impacts from development are avoided, unavoidable impacts are then minimised, and residual impacts
are then offset (Box 1.1).

Biodiversity offsets must, at a minimum, deliver a 'no net loss” outcome for the biodiversity values negatively impacted
by development (Gardner, 2013; Maron et al., 2018)

Box 1.1: The mitigation hierarchy and offsets principles

Under the IUCN Policy on Biodiversity Offsets (2016), offsets must only occur after all previous steps in the
mitigation hierarchy have been considered and no alternatives are available. Avoidance is the first and most
important step in the mitigation hierarchy. International best-practice principles for the appropriate application
of the mitigation hierarchy include that it should:

Be applied as early as possible in the project life cycle, to inform potential development decisions.
Explicitly consider the project within a broader landscape or seascape context.

ldentify and respect nationally and internationally recognised 'no-go’ areas.

oo

Thoroughly examine lower impact alternatives in the project design, including not proceeding with the
project at all, recognising that not all impacts can be offset to achieve No Net Loss.

Give priority to avoiding any damage to biodiversity.
Take full account of direct, indirect and cumulative impacts, geographically and over time.
Clearly distinguish impact avoidance, minimisation and on-site restoration measures from offsets.

Design offsets to achieve at least No Net Loss and preferably a Net Gain of biodiversity.

© o N o !

Ensure any biodiversity offsets used as part of the mitigation hierarchy secure additional conservation
outcomes that would not have happened otherwise.

10. Use approaches that are science-based, transparent, participatory, and address the effects of the project
and mitigation actions on livelihoods.

11. Follow a Rights-based Approach (as defined by the relevant IUCN resolution)

12. Identify and put in place the legal, institutional and financial measures needed to ensure long-term
governance of all mitigation actions (including any biodiversity offsets).

13. Apply a rigorous monitoring, evaluation and enforcement system that includes independent verification
of all mitigation actions.

14. Apply the precautionary principle throughout all stages of the mitigation hierarchy.
15. Apply the Ecosystem approach in all stages of the mitigation hierarchy (as defined by the IUCN).

Source: IUCN Policy on Biodiversity Offsets, 2016
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1.2 Generating benefits for biodiversity using offsets

Offsets typically aim to generate a biodiversity benefit or ‘gain’ that is sufficient to counterbalance biodiversity losses in
two broad ways:

« by averting the loss of biodiversity (in terms of its area, its quality, or both), and/or

» Dby restoring or creating biodiversity values at a proposed offset site.

A commonly used approach to secure the biodiversity benefits delivered by an offset is to protect an area against future
losses, such as by strengthening the legal tenure status of the offset site, and to manage that site to ensure its condition
does not decline. This is an example of a protection and maintenance offset.

While protection and maintenance will sometimes generate a biodiversity benefit by averting future loss, it will
not restore or create biodiversity beyond its existing state without additional actions. When considered together,
a biodiversity loss at an impact site, and an offset that achieves just protection and maintenance result in less
overall biodiversity after the impact than before. However, if the biodiversity at the offset site is at risk of being lost
if not protected, this can be a valid approach.

Sometimes, actions that improve the state of biodiversity are also included to create offset benefits. A threatened plant

species might be able to increase in numbers at a site if a threatening process, such as a weedy competitor, is managed.

In this case, the weed management is the offset action, and the increase in the number of individuals of that threatened
plant species is the biodiversity benefit.

In both cases, estimating how much benefit is expected from an offset action is essential, as the benefit must be at
least as large as the loss at the impact site for the offset to achieve a no net loss outcome.

Box 1.2: estimation of benefit, from an offset action at a site
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The benefit achieved by an offset action at a site is the difference it makes to the specific biodiversity feature
that is the target of the offset with a specific time horizon. In a protection and maintenance offset, only averted
loss is achieved; an offset involving active restoration may also improve the site over time. The total benefit can
be estimated by first estimating the counterfactual scenario — what would have happened to the biodiversity
value without the offset — and then estimating the offset scenario and taking the difference between the two.
The counterfactual scenario is sometimes also called the 'baseline scenario’, ‘do nothing’ or the "business as
usual scenario’.



1.3 Offsets may involve multiple actions

In many cases, site protection and maintenance alone may not create meaningful benefit for the targeted biodiversity
feature. Threats to biodiversity values may remain low even in the absence of specific protection and management
actions, resulting in little averted loss. For example, some sites might be well-protected under existing regulations,

so adding further protection does not add any new benefit. In other cases, delivering an offset via protection may

not be possible due to land tenure restrictions.

In these situations, an offset will need to involve other management actions (often in addition to permanent protection)
to generate a sufficient benefit to compensate for biodiversity losses. These actions might include invasive species
control, fencing, management of fire, or removal of livestock (Box 1.3).

Although biodiversity offsets are often characterised by their size — the area over which the actions are done - it is
clear that area alone does not tell us how much benefit we have achieved for the target biodiversity, i.e. the species or
ecosystem impacted. To estimate the size of the benefit (so that we can compare it with the loss) we need to focus
on the target biodiversity itself, and how the offset actions change outcomes for that biodiversity.

Further, each of these actions may have different financial costs associated with them, which has a major impact on
the likely cost-effectiveness of a biodiversity offset strategy. The most effective action in terms of creating a benefit
might not be the most cost-effective.

Box 1.3: Example of situation where protection actions are not beneficial or feasible

The northern quoll Dasyurus hallucatus is a medium sized carnivorous marsupial and the smallest of the four
Australian quoll species. It has a broad diet comprising invertebrates, frogs, small mammals, reptiles, birds,
carrion and fruit.

Northern quolls were formerly distributed across a wide swathe of northern Australia from Western Australia to
south-east Queensland, but have declined dramatically. They are now found mainly in the Pilbara and Kimberley
regions of Western Australia, parts of the Top End of the Northern Territory (including offshore islands), and parts
of coastal Queensland.

Native frogs and toads form part of the diet of the northern quoll. Northern quoll declines are occurring in close
association with the spread of the introduced cane toad, which is predated by the quolls but is highly poisonous
to them. Predation by feral cats, inappropriate fire regimes and habitat loss and degradation are also contributing
to northern quoll declines.

e€

Poisoning by cane
toads (catastrophic)

Inappropriate fire regimes (severe)

Predation by feral cats
(severe)

- [ \l Habitat degradation caused by

Habitat loss and fragmentation (severe) livestock (minor)

Some key threat factors and consequence ratings for northern quoll populations. Arrow sizes correspond to
consequence rating. Source: (adapted from Woinarski et al., 2014)

A common approach to biodiversity offsetting, the legal protection of land, may not on its own be the most
beneficial action for the northern quoll, given its main threats are posed by poisoning from consuming cane
toads, inappropriate fire regimes, and predation by feral cats, in addition to habitat loss and fragmentation.

Therefore, additional conservation actions such as the management of feral cats, fire management and cane
toad aversion training are likely to be required to generate a sufficient benefit for the species.

Guidance for estimating the benefits and costs of biodiversity offsets using expert elicitation 7



1.4 Challenges with estimating offset benefits and costs

Data on the likely benefits and costs of on-ground conservation actions are often scarce, or cannot be obtained
without a significant investment of time and resources.

A consequence of this data scarcity is that development projects (and their associated biodiversity offsets) may be

approved with a limited understanding of how or whether offsets will provide adequate compensation for the impacted

biodiversity (Australian National Audit Office, 2014, 2020)

In Australia, legal protection is the most common type of action undertaken as an offset (Box 1.4), but calculation of
the 'benefit’ to biodiversity from that action varies among states and individual cases. Sometimes this is in conjunction
with some management actions, but offsets are often approved without specifying the management actions that are
required to compensate for a given impact. Often these actions are not considered in the initial development planning
or even specified in the conditions of approval (Evans et al., 2017). This is especially risky where there is not robust
scientific understanding of how to generate a given amount of benefit for a species or ecological community.

This situation can lead to inconsistency, lack of transparency, and mistrust that offsets will achieve the goal of 'no net
loss’ for impacted biodiversity. There is a need for a standard approach to generate rapid, credible estimates of
the benefits, and relative financial costs, of potential offset actions.

Box 1.4: Management actions used as offsets in Australia

Legal protection of habitat
Unspecified I

Assorted site management
Rehabilitation/restoration
Monitoring

Research

Risk management/contingency
Predator control
Avoidance/mitigation
Weed control

Fire management

Fencing

Herbivore control
Translocation
Information/education

Habitat creation

Water quality management

Habitat manipulation B
0% 5% 10% 15% 20%
% offset activities 2007 to 2016 (n=280)

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

: Captive breeding
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

: In an analysis of 80 approved developments under the federal Environment Protection and Biodiversity
: Conservation Act 1999 (EPBC Act), we found that of the 280 activities which formed offset packages
1 conditioned as part of environmental approvals for 30 threatened species and ecological communities,
: most specified legal protection of habitat as the action, while in 12% of cases the action was unspecified.



1.5 Expert knowledge in conservation and environmental management

Expert knowledge is increasingly used to inform environmental decision-making where data, time or resources are
scarce (Martin et al., 2012; Mayfield et al., 2020).

Experts hold knowledge and on-ground expertise that allows them to provide valuable insight into the behaviour of
environmental systems, including the benefits, costs, and likelihoods of certain events occurring (Raymond et al., 2010).
Many environmental decisions require quantitative, empirically valid data, and formal elicitation protocols can capture
expert knowledge in this format.

Gathering expert knowledge broadly involves asking a number of "experts” (Box 1.5) a series of questions relating to
their judgments on a particular subject. In the case of biodiversity conservation and environmental management,
experts have been asked to quantitatively estimate the extinction risk of threatened species (Geyle et al., 2020;
Geyle et al., 2018; McBride et al,, 2012) , population trajectory of threatened species (Geyle et al., 2019), priorities for
management (Carwardine et al., 2019) , vegetation condition (Dorrough et al,, 2019), the likely impacts of grazing

as a threat on birds (Martin et al,, 2005), and the probability of invasive species expansion (Kuhnert, 2011).

Box 1.5: Who is an expert?
"Expert knowledge” is what qualified individuals know as a result of their technical practices, training, and

experience (Booker & McNamara, 2004).

Experts may be identified on the basis of qualifications, training, experience, professional memberships, and
peer recognition (Ayyub, 2001) although broader definitions of expertise may include people who possess
direct, practical experience (Burgman et al., 2011). For example, an expert in landscape ecology might be a
practitioner who has formal training or years of deliberate practice, and whose ability to solve professional
problems has led to their recognition as an “expert” by their peers.

Good expert performance is about:
» Having an holistic understanding of the subject matter
« Always seeking the truth and actively minimising bias

’
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 » Knowing the limitations of your knowledge
1

1

« Producing success when practicing your expertise.

However, experts are human, and so they can be influenced by a range of cognitive biases that can affect the quality
of their judgements (Box 1.6). Experts can also be affected by competing interests that reduce their independence.

This is why it is crucial that rigorous approaches are used at all stages of the expert elicitation process, from recruitment
of individual experts, question structure and design, to the aggregation and analysis of data.

Box 1.6: Common cognitive biases that can affect expert judgements

« Anchoring/availability heuristic, in which people give estimates that are heavily affected by the more recent
or well-known events or evidence that comes most readily to mind (Kahneman & Tversky, 1973).

» Social expectation hypothesis, where more highly regarded and experienced experts are presumed to
give better advice (Burgman et al., 2011).

« Groupthink, which is a mode of thinking that persons engage in when people focus on achieving
concurrence or consensus to the detriment of appropriately considering different options (Janis, 1971).

« Overconfidence, in which people often overestimate their confidence when they provide subjective
intervals for a quantitative estimate; for example suggesting they are 90% sure about a fact when this
doesn't reflect reality (Soll & Klayman, 2004).

» Probability neglect, in which people focus on the desirability of the outcome in question and pay (too) little
attention to the probability that a particular outcome will occur (Sunstein, 2002), for example describing the
desired outcome rather than the most likely outcome when asked to give a best guess of a parameter.

« Loss aversion, in which people typically exhibit greater sensitivity to losses than equivalent benefits when
making decisions (Tom et al,, 2007), potentially leading to more negative estimates of outcomes under
undesirable scenarios.

« Confirmation bias, the tendency for people to hang onto their favoured hypotheses with unwarranted
tenacity and confidence (Klayman, 1995).

o e
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Structured elicitation protocols have been shown to minimise the impact of cognitive biases (Mukherjee et al., 2018;
O'Hagan et al., 2006), and produce estimates of greater accuracy by carefully facilitating input from diverse experts
(Carey & Burgman, 2008). They also provide a relatively cost-effective and repeatable way to improve the transparency
and quality of expert judgements, including appropriately quantifying uncertainty.

In this guidance document, we will be following the steps outlined in the IDEA protocol (“Investigate,” "Discuss,” “Estimate”
and "Aggregate’) (Hemming et al.,, 2017). The IDEA protocol (Box 1.7) has been demonstrated to overcome many of the
aforementioned challenges associated with expert elicitation, through use of a modified Delphi process. As such, it has
been used successfully in many contexts, both within and beyond environmental science (Adams-Hosking et al., 2016;
Arlidge et al,, 2020; Geyle et al,, 2020; McBride et al,, 2012)

Here, we use the four-step question format (Speirs-Bridge et al.,, 2010) for the "Estimate” step and ask experts to provide
whole-number estimates rather than probabilities, for the sake of simplicity and to minimise the effect of probability neglect
bias (Sunstein, 2002). However, the IDEA protocol is flexible and a range of other estimation approaches (e.g, the Trial
Roulette method, Dorrough, Sinclair, and Oliver 2019) can be used as part of the “Estimate” step if more appropriate for

the problem at hand.

s
4
1 T
1 Box 1.7: The IDEA Protocol and 4-step elicitation format
1
1
1
1
1
1
1
: BACKGROUND A INVESTIGATE DISCUSS ESTIMATE AGGREGATE
I information and All experts Experts shown All experts make Mean of experts’ second
1 survey compiled. individually answer anonymous second (final) private round responses
1 Contact and brief questions on species answers from each estimate of species calculated. Experts may
1 threatened species responses to participant and responses to review and discuss
I experts on the different visual summary of different individual and group
: elicitation process. management actions responses management action outcomes, and correct
I under different under different residual
I hypothetical offset hypothetical offset misunderstandings
1 scenarios and scenarios
1 provide reasons for
1 their judgements.
1
1
1
1
I " g . :
I o s
1
1
1
1
1
1
1
1
1
: e.g. Estimate the number of female northern quolls trapped in 3 nights
1 of survey effort in 2020
1
1
1
1
: 1. Lowest plausible estimate
1
1
1
1 4. Confidence that the true value is
1 3. Best guess (x) between the lowest and highest
: estimates (50-100%)
1
1
: 2. Highest plausible estimate
1
1
1
1
1 The IDEA protocol and four-step question format (adapted from (Hemming et al., 2017). The four-step question
iy format involves asking for: (i) lower and (ii) upper plausible estimates, (iii) a best guess and (iv) a ‘degree of belief
: (confidence that the true value is between the lowest and highest estimates (adapted from (Hemming et al., 2017).
\
~
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While the IDEA protocol is described in detail elsewhere (Hemming et al., 2017), we will describe its application to the
specific problem of estimating the benefits of biodiversity offsets — which requires some adaptations.

In particular, the complex nature of biodiversity offsetting means that careful attention is needed to appropriately
design and frame survey questions.

1.6 Designing expert elicitation questions for biodiversity offsetting

Structured expert elicitation is a powerful tool, but its use in the design of biodiversity offsets has been relatively limited
to date. Instead, most expert input to estimates of benefit from biodiversity offsets is relatively unstructured, increasing
the risk of the biases described (Box 1.7). Although general guidance is readily available to help improve aspects of
expert elicitation, less information is available on how to appropriately design the questions used to elicit expert
judgement in an offset context.

Existing guidance recommends ensuring questions are free from linguistic ambiguity and are framed to minimise
unwanted bias. It is also recommended that questions are in a format that aligns with the knowledge and experiences
of the experts being questioned (Aspinall & Cooke, 2011). There are, however, a number of additional decision steps
and complexities associated with calculating biodiversity losses and benefits which can influence our capacity to
generate credible offset estimates.

For example, a common misconception is that the benefit derived from the protection of biodiversity as part of

an offset is more certain, whereas the benefit achieved by restoration and active management is less certain.
However, while the outcome at the site if it is protected as an offset might be reasonably certain (the site will

not be cleared), the benefit depends equally on what would have happened if the site was not protected (the
counterfactual scenario). This counterfactual scenario is often highly uncertain. If the predicted risk that a proposed
offset will be cleared in future is lower than expected, this can lead to the benefits of the offset being overestimated
(Maseyk et al,, 2016). Because of this, we need to ask questions about the counterfactual scenario as well.

In short, itis important to ensure that the questions used to elicit expert judgements on the benefits of biodiversity
offsets are designed to be rigorous and logical.

1.7 A structured approach for estimating offset benefits and costs

In this Section, we have described the principles of biodiversity offsetting, and how offsets may generate a biodiversity
benefit by averting loss and/or restoring or creating biodiversity values.

We have described how offsets may deliver biodiversity benefits through a range of management actions. These might
include, for example, protecting land, invasive species management, or installing next boxes. Unfortunately, there is
often limited information that can inform how to quantify the benefit these actions provide for biodiversity. We cannot
know whether offsets are likely to meet their 'no net loss’ objective if we don't have an understanding of what benefit
they are expected to provide.

We have outlined how expert knowledge is increasingly used to inform conservation and environmental decision-
making in data-poor situations, and how structured elicitation protocols can collate this information in a way that is
transparent, repeatable, and scientifically valid.

Finally, we have explained that while expert elicitation is a powerful tool, it needs to be used carefully in the context
of biodiversity offsetting since there are several additional complexities which can lead to incorrect estimates of their
benefits and costs.

In the next two Sections of this document, we will introduce a structured decision making approach as a step-by-step
guide for how to estimate the benefits and costs of biodiversity offsets using expert elicitation.

Broadly, structured decision making helps us to better understand and creatively solve complex problems (Box 1.8).
By breaking the problem down into small steps and prompting consideration of important factors (e.g. uncertainty,
costs, trade-offs), the approach helps identify and evaluate possible solutions in a transparent and repeatable manner.
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Box 1.8: General steps of structured decision making (Gregory, 2012)

« Whatis the context for (scope and bounds of) the decision?
e.g., deciding what and how much action is are required to offset a particular impact on a threatened
species at the site scale over a 20-year time frame

» What objectives and performance measures will be used to identify and evaluate the alternatives?
e.qg., achievement of a benefit at least as large as the loss for the same threatened species, relative to
what would otherwise have occurred

* What are the alternative actions or strategies under consideration?
e.g., either investing in a fire management program or focussing on feral predator baiting at the potential
offset site (compared to no management actions)

« What are the expected consequences of these actions or strategies?
e.g. what is the best guess of the outcome for the threatened species under each alternative action,
after 20 years of management?

» What are the important uncertainties and how do they affect management choices?
e.g. what are the highest and lowest plausible outcomes for the threatened species under each alternative
action, after 20 years of management?

* What are the key trade-offs among consequences?
e.g. investment in fire management is less expensive, but its effectiveness is more uncertain than for
feral predator control

* How can the decision be implemented in a way that promotes learning over time and provides
opportunities to revise management actions based on what is learned?
e.g. if uncertainty is high, increase the management effort proportionately, and monitor to see if the
response is tracking as estimated

Section 2. Estimating the benefit of offset actions

As discussed in Section One, there are many circumstances where there is little available data to inform what actions
could be taken to deliver a measurable benefit for biodiversity that has been impacted by development.

There are a number of situations where we may wish to use expert elicitation to determine the likely benefits of
biodiversity offset strategies. For example:

« agovernment agency may wish to develop a portfolio of “off the shelf” offset strategies that can be used as part
of conditions of environmental approval;

* aproponent may need to determine what actions will be required to fulfil offset requirements and how much
this will cost;

e aresearch team may be contracted to inform the establishment of a trust fund and the pricing of its offset
payments.

In this Section, we will describe the steps to generate estimates of the benefit derived from a range of biodiversity
actions, including the logistical, technical, and scientific considerations. We illustrate the process with reference to

a particular case (such as a species or ecological community in a particular context), in which decisions might be
being made about which is the most cost-effective action to generate benefits for an impacted biodiversity feature.
However, because this process generates estimates of benefits per unit of offset action, it also be used to build up

a portfolio of "off the shelf” offset strategies with pre-estimated benefits per unit of effort for a range of biodiversity
features. Combined with the approach for costing these offset actions described in Section Three, this can then be
an important input to the pricing of offset payments for a given unit of impact on a particular species, to help ensure
that proponents pay enough so that an amount of benefit adequate to offset their impact on a biodiversity feature
can be achieved by the eventual offset provider.
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2.1 Logistics and project management

Since this process involves social research methods, there are a number of things to consider.

(1) Timeline and resourcing

The duration of an expert elicitation process will depend on a range of factors, particularly the financial and human
resources available, familiarity with the process, and accessibility of experts. The project timeline needs to include time
for unanticipated delays associated with research ethics approvals (if applicable), late responses from experts (wWho in
some cases may be providing their time pro bono) and delays in the analysis (Hemming et al,, 2017), and may need to
be amended as circumstances change (e.g. changes in staffing/resourcing). From start to finish, an elicitation process
may take up to three to four months for a single species or species group, but for parts of this period (such as when
the survey is being completed by the experts) the staff commitment would be less than 1 FTE. An overview of the

8 step process is shown in Box 2.1.

(2) Project team
Typically, an expert elicitation team includes the problem owner, facilitator, analyst and expert(s) (Martin et al.,, 2012).
One person can have several roles.

Generally, the roles are:

Problem owner: person who identifies the relevant threatened species and the experts, and assists with the
drafting of the survey questions.

Facilitator: manages the interaction amongst experts and oversees the elicitation process. It is beneficial if
this person has training in expert elicitation methods, or has been involved in an elicitation process in the past.
Alternatively, it is highly advisable to seek assistance from an experienced facilitator, who has used these
methods in the past.

Analyst: handles calibration, elicitation procedures, processing of responses, and analysis of elicited information.
This person should be experienced at data analysis in R or Excel.

If the process will also include consideration of costs, the project team could also include an additional analyst
with expertise in collating and analysing cost information.

Box 2.1: Process for using expert elicitation to derive offset benefits and costs

Each box corresponds to a step outlined in this report, with steps for estimating offset benefits in blue, and
steps for estimating the costs of offset actions in red.

Step 1. Form project team and project plan based on

threatened species/ecological communities of interest,
v o literature review and develop project materials
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2.

2 Survey and question design

The survey includes several elements, and the design of each requires some careful thought and consultation (Box 2.2).
These elements include:

a.
b.

C.

A description of the benefit indicator that tells us about the species or ecological community in question
A description of the hypothetical site(s) at which offset actions might be implemented

A specified time horizon at which the benefit of the offset action at the sites(s) is to be measured. In the example
below, we use a timeframe of 20 years (consistent with the risk-related time horizon’ in the EPBC Act Offset
assessment guide (Commonwealth of Australia, 2012)

A description of the scenario in which no offset actions are implemented at the site(s) (the ‘counterfactual
scenario’)

A description of the scenario(s) in which offset actions are implemented at the site(s) (the ‘offset action scenario(s)’)

A set of questions about the value of a benefit indicator for the species or ecological community in question
under both the counterfactual and offset action scenarios at the time horizon.

Box 2.2: Elements of the survey and question design for deriving offset benefits for the northern quoll

Note that key informants have a key role in determining an appropriate benefit indicator, site size, and the
management actions to be considered. In this example, the size of the hypothetical offset sized is based on
input from the key informants, many of whom were familiar with northern quoll habitat in the Pilbara, where
property sizes are very large, and where quolls occur at a low density in the landscape. It is recognised that
offsets may comprise much smaller areas in other parts of their range.

Question 1 (counterfactual scenario):

How many northern quoll individuals (female) will be trapped at this site in 20 years with the
same trap effort (200 trap nights), excluding any additional impacts from development
» P

(e.g. mining, infrastructure, large-scale agriculture) requiring approval under the EPBC Act 1999?

Question 2 (offset action scenario):

Assuming the site is designated as a protected area, and remains protected for the next 20 years,
how many northern quoll individuals (female) will be trapped at this site in 20 years with the same
trap effort (200 trap nights), excluding any additional impacts from development (e.g. mining,

infrastructure, large-scale agriculture requiring approval under the EPBC Act 1999? H a |
1

In this example, the benefit indicator is the number of female northern quolls trapped from 200 trap nights,
and the time horizon is 20 years. We ask about the value of the benefit indicator under the counterfactual
(do nothing) and offset action (protected area) scenarios.




Step 1. Literature review

Consult the available literature to determine the threats and possible offset actions that might help abate these threats
for each relevant species or ecological community (e.g. National Recovery Plans, Conservation Advices, [IUCN Red List
Assessments, Action Plans). It is useful to compile available literature, unpublished reports and additional information
on species biology, habitat requirements, monitoring methods, population parameters (if available), geographic range,
current offset approaches (if available) and threats in a centralised location available to the project team.

~

Things to consider:

« identify the most influential threatening processes affecting the relevant species or ecological community

« link these threats to the management actions that address them, and which could form part of an
appropriate offset

« distinguish between "background’ threats, which site-level actions are unlikely to influence (e.g., climate
change), and threats that could be managed using actions at a potential offset site (e.g., weed invasion).
Background threats are things that experts consider in all scenarios equally, and so do not contribute
to the estimate of benefit.

%

Ideally, management actions should be matched to specific threats (Table 1), noting logical combinations of
management actions can also be included. If the objective of the elicitation is to elicit the likely benefit of a specific,
pre-defined action or set of actions, the identification of literature can be limited to that relevant to those actions.

Table 1: Threatening processes (Benshemesh et al,, in press) and associated management actions that could form
part of an appropriate offset, using the malleefowl as an example

Threats to malleefowl Actions to abate these threats

Inappropriate fire regimes — probably killing birds as well as Fire management, including prescribed burning and
removing suitable habitat structure and leaf litter for nesting, | maintenance of fire breaks

reducing food availability and making birds more prone
to predation

Habitat loss — most quality habitat has been cleared for Protection of habitat, through nature reserves or
agriculture private land holder agreements

Habitat destruction by introduced herbivores — goats, rabbits | Control of introduced herbivores that are present
and other herbivores compete with malleefowl for food, at potential offset sites, through specific means
destroy understorey cover and deplete nesting materials depending on species

Predation by foxes — malleefowl eggs and chicks are taken Aerial or ground fox baiting using best-practice
guidelines for the terrain and spatial scale

Step 2. Recruit key informants

Concurrently with the literature review, the problem owner should seek to identify 1-2 key informants who are known to
hold significant expertise around the case study ecological community or species’ ecology and management, potentially
using their existing networks (researchers and project partners). Such individuals are often well connected with other
relevant experts — for example, as members of the relevant species’ recovery team.

It is critically important to develop the survey text with these key informants prior to recruiting further experts for the
elicitation, to ensure the survey questions are logical and relevant for the species and proposed management options
being considered are suitable. Minor refinement of the survey is possible once the larger and more diverse group of
experts is involved (Section 2.3) but the majority of the work is done with key informants.
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Things to consider:

« If you work as part of a research institution, you will likely require Human Ethics Approval to develop the
survey with key informants and run the expert elicitation process.

« It's okay if key informants have divergent views about species management, because survey questions can
include a range of possible approaches to management.

» Be wary of social dynamics. In some cases the key informants may know each other and can work
productively together, whereas in some cases it may be best to consult them individually.

» Manage expectations—key informants work more closely with the project team than experts who only
participate in the elicitation. Key informants might need to dedicate several hours to phone discussions,
revising survey text and discussion over email. This time commitment will vary depending on the species/
ecological community in question.

» Itis generally recommended that experts who are very closely engaged with developing survey questions
do not also participate in the elicitation, because ideally the first engagement with the questions is during
the elicitation itself. However, in some cases the pool of experts is very small, and so including the key
experts in the formal elicitation process would be better than missing out on their expertise.

. /

Step 3. Identify management actions

In your consultation with key informants, refine the list of threats and management actions derived from the literature
review at Step 1. The objective of this step is to generate a short list of management actions, with enough detail about
how each of those actions would be carried out (and in what combinations) so that experts will be able to envisage
the likely effectiveness of the action. If the objective of the elicitation is to elicit the likely benefit of a specific,
pre-defined action or set of actions, this step can be skipped.

Through this process, the list of potential management actions can be refined to those considered most feasible in

an offsetting context, as well as those most likely to result in a substantial or at least measurable benefit for the species
in question. Discussion with experts may also reveal threats and/or actions not previously identified based on the
literature search.

Management actions identified need to be those with a clear mechanism though which they might affect the species
in question. For example, the benefit of “"developing a management plan” is impossible to estimate without making
other assumptions about the actions that would then done under that management plan. Questions should instead
focus on actions implemented, rather than planning mechanisms or research alone.

In this step, it is important to capture information about the method or type of material used in the action (for example,
fence design, approach to control a specific feral animal), the duration of the action (is it a once-off action, or ongoing,
and does it require regular maintenance?), and any other actions that automatically occur alongside it (for example,

if a conservation covenant is to be established, does this require some basic management actions to be done even

if they aren’t specifically aimed at benefiting the species in question?). Consider whether you want to elicit estimates

of the combined effects of several actions, even if they don't necessarily occur together.

Detailed actions will provide experts with clarity and will assist when estimating costs, if that step is to be included in
the exercise (Section 3). However, if the aim of the expert elicitation process is to develop an ‘off the shelf’ product,
the actions should be general enough to be applicable at typical sites (further described in Step 6).
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Things to consider
« What management actions are within the scope of and permitted under the offset policy?

« What is feasible and would result in measurable benefits at a site level?

« What does the action involve? Balance detail with generality so that the description can apply across a range
of typical offset sites

» What actions are always done in combinations? Are there particular combinations that should be considered?

Avoid the temptation to include all possible actions — each action will add several questions, and too many
guestions will make the survey unmanageable for experts.

%

Step 4. Identify suitable benefit indicator

In order to determine the kind of benefit a management action could deliver for the species, a suitable ecological
indicator of that benefit needs to be identified. Offsets (and the impacts that trigger them) are usually actions done
at a site level, which usually translates to only a small part of the range or population of a species, or a small part of
an ecological community. Therefore, the benefit indicator should be something that can be measured at the site
level, can be monitored at that scale easily, and that is highly likely to relate to the viability of the species

or ecological community.

For many ecological communities, a benefit indicator takes the form of an area-weighted condition score, with
condition elements benchmarked against undisturbed or ‘best on offer’ characteristics of that ecological community.
Examples of these types of scores include Habitat Hectares (Department of Environment, 2016) and BioCondition
(Eyre et al., 2015).

For species, a benefit indicator might relate to the abundance of a species or the number of active nest sites at the site
in question. It should be a value that can be estimated for the impact sites as well — because both losses at the impact
site and benefits at the offset site need to be able to be calculated using the same index, so that they can be directly
compared (Table 2).

For some species, the abundance of the species at a site will be the most appropriate benefit indicator (for example,
the number of individuals of a tree species). For others, an index of habitat condition might be more appropriate.

This might be the case for species that are cryptic, or whose presence within any given area of habitat is unpredictable
(for example, nomadic species). For other species, the abundance of a particular habitat feature or of a sign of its
presence (e.g., nests or scats) might be a better indicator.

In some cases, experts may feel more comfortable with providing a judgement about the number of individuals
detected using specific monitoring techniques, rather than simply how many they expect to be present.
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Table 2: Examples of benefit indicators

maintained nests) — this is likely to be
appropriate for larger areas of habitat
that contain entire home ranges. For
smaller areas, a habitat quality index
might be used instead.

Threatened Benefit indicator Rationale
species
Malleefowl Number of active mounds (currently Malleefowl occur at low density, and are well-

camouflaged, so surveying for the birds directly provides
imprecise estimates.

Nest mounds are prominent and long-lasting features,
and an active mound reliably indicates the presence of
a breeding pair (Benshemesh, 2007).

Note: mounds are also monitored as indicators in

an existing long-term survey program, so experts could
easily and consistently envisage the value of a site based
on a description that included the number of active
mounds present.

Night parrot

Number of long term stable roost
sites in which night parrots have been
recorded consistently at the same
location for 6 months.

Night parrots occur at very low densities, are cryptic
and elusive, so surveying for the birds directly provides
imprecise estimates. They may also be detected
fleetingly in a location they do not

OCCupy ONn an ongoing basis.

Research to date shows that night parrots have specific
roost sites in Triodia hummocks (Murphy et al., 2017).
These sites include a horizontal tunnel (25cm long)
constructed of leaves (Murphy et al., 2017). Occupancy
is readily detected when birds emerge in the evenings.

An occupied roost site is currently the most reliable
indication of night parrot presence suitable for
use as a benefit indicator.

Northern quoll

Number of female quolls trapped in
200 trap nights

Northern quolls occur at low density in the landscape.
The standard survey methodology for the species is
the use of cage traps over a set time period (Hill &
Ward, 2010). Male northern quolls experience immune
systems collapse and death after mating (Hill & Ward,
2010), so the number of female quolls trapped in a trap
effort of 200 trap nights is a useful benefit indicator.

Semi-evergreen

Quality hectares based on area x

BioCondition is an existing method for scoring the

vine thicket BioCondition score condition of Regional Ecosystems in Queensland, one

ecological state where SEVT occurs. Key ecosystem components

community and spatial context are scored for a site relative to
benchmark values for the relevant Regional Ecosystem,
and summed using component weightings. The score
(out of 100 for wooded ecosystems) is then used to
provide a quality hectare measure (e.g. 10 ha of 60%
quality = 6 quality hectares).

Ormeau Count of individuals The Ormeau bottle tree is an easily-detectable, long-

bottle tree lived tree. Estimating or measuring directly the number

of individuals is better than use of an indirect proxy,
such as ecosystem condition, which may not relate
reliably to the population of the species. For this slow-
growing species, both mature and juvenile individuals
might be counted, but for a species that often has large
numbers of juveniles that do not survive into adulthood,
mature individuals only might be considered.
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It is important that the benefit indicator be applicable to all sites that constitute the same category of habitat for a
species. For example, if a species feeds in two different woodland types, then a foraging habitat indicator would ideally
be able to be calculated in the same way for both those woodland types. In some situations, however, it may be
appropriate to establish separate benefit indicators for substantially different habitat types that cannot be measured

in the same way, or for feeding and breeding habitat which might have very different important features. In these
cases, expert elicitation will need to be done for each habitat type, using separate parts of the questionnaire.

In some cases, a habitat index (rather than a direct measure of abundance) might be an appropriate benefit indicator
for a species, but no pre-existing habitat model or index exists. In this case, it may be possible to develop a simple index
with experts. For example, experts might be given a description of a site and asked to score its habitat condition, from
the perspective of the species, on a scale of 1-10, where a score of 10 represents the best known habitat for the species
and 1 represents the minimum for a site to support even a tiny number of the species, even if only rarely. Offset-related
management actions might then target improving the habitat condition of that site. So, where a habitat index is used

as a benefit indicator, it is important the potential offset actions are likely to affect the value of the index.

~

Things to consider:

* The benefit indicator needs to be reliably related to the species of interest, and be measurable at the site
level (the scale at which impacts and offset actions are likely to occur).

« The relative value to the species of different sites within the same category of habitat (e.g. feeding, breeding)
should to be able to be measured using the same benefit indicator.

e Some species may require more than one benefit indicator - for example, if they have very different feeding,
roosting and/or breeding habitats.

%

Step 5. Decide upon time horizon

The experts will be asked about the value of the benefit indicator for your species at a specific point in the future.
This point is called the time horizon.

Under many offset policies, there is a time horizon by which the benefits of the offset action are required to
have achieved a 'no net loss" outcome. This time horizon is usually chosen to balance the need to allow time for
management interventions to take effect, but to disincentivise actions that take a very long time to be effective.

Note that the actions usually need to be implemented for the duration of the impact to ensure this benefit is maintained
— the time horizon we focus on here is the time until those actions start to achieve the benefit, not the time over which
the actions are done.

In many Australian offset policies, the time horizon is 20 years. For simplicity, we have used a time horizon of 20 years
in our examples. (Some offset policies apply a time discount factor, such that benefits not expected to accrue for a
long time are discounted relative to benefits likely to occur quickly. These sorts of adjustments can be applied to the
elicited benefit score at the end of the process if required).

It may be appropriate to use a different time horizon, depending on the policy context, the species in question, and the
management actions that are appropriate. However, if benefits of alternative actions are to be compared, it is important
that comparable time horizons are used. And of course, the time horizon chosen must be the same for all scenarios
being compared.

It may be useful to include survey questions about the value of the benefit indicator at multiple points in time. This can
help experts to visualise the progress of the benefit indicator over time at each hypothetical offset site, and improve
logical coherence of responses (Mayfield & Maron, 2020). However, this also increases the length of the survey.
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Things to consider:

» How might temporal variability affect the estimated outcome? For highly temporally variable systems,
experts might need to be asked about an average outcome, or an outcome in an average year.

Step 6. Describe hypothetical offset sites

The next step is to develop a simple description of one or more hypothetical sites where offset actions might be
undertaken. (Alternatively, if the elicitation is to estimate outcomes at a particular site, then this site can be described
in this step). The hypothetical site, or series of sites, will provide the context for the experts to envisage the benefits
delivered by potential management actions. We use a hypothetical site to avoid experts envisaging one particular site
and describing only outcomes they would expect at that site — we want to maintain focus on the general, or average,
outcomes expected at a typical site, so that it is more likely to be applicable to a larger range of sites.

The facilitator and problem owner should work with the key informants to describe a site that is realistic, but generic
enough to allow all experts to be able to envisage something similar. The description should also be consistent with a
site likely to be used to provide offsets for this species. It should contain information about important context most likely
to influence how effective the offset actions might be and how a species might fare in the absence of those actions.

The hypothetical offset site description might include the area of the site, the type and quality of habitat at the site
and the presence or absence of threatening processes or management regimes relevant to the species in question.
The description should also clearly state the current value of the benefit indicator at the site (see Box 2.4). This current
value will give a starting point for the scenarios that experts will estimate. It is important that the current value of

the benefit indicator is plausible to experts, given the site conditions described.

Box 2.4: Example text to describe a hypothetical site

We would like you to think of a 400 ha site which contains malleefowl habitat. In 2018, there were 5 active
mounds on site. A number of potential threats to malleefowl exist on the site, including fox predation, vehicle
strikes, impacts from herbivores and inappropriate fire regimes.

There are a number of ways in which malleefowl respond to management, so there is always uncertainty. For the
sake of this survey, we want you draw on your experience and knowledge and have a go at every question.

6.1 Account for significant variation among site types

In many cases, there are important differences among the types of sites at which offsets are likely to be implemented.
For example, a site that is in good condition, with minimal threats, might be suitable for one set of offset actions,
whereas a poor-condition site with many threats present might be more suitable for other actions. Similarly, only sites
over a certain area or sites in a particular region might be suitable for certain actions. Key informants should therefore
be asked about whether there are likely to be substantially different site types and contexts that would have large
impacts on the effectiveness of a given management action, or on what action is suitable (see Box 2.5).

For example, some sites within the range of the northern quoll have been invaded by cane toads, whereas other sites
are outside the current cane toad distribution. Because of the impact of cane toads on quolls, different management
scenarios need to be considered for these different contexts, and offset actions for northern quoll might reasonably
be expected to be implemented both within and beyond the cane toad distribution. In this case, at least two
hypothetical offset sites should be included in the survey, to ensure both contexts are covered.
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Box 2.5: Examples of eliciting information for two different hypothetical offset sites

Malleefowl d& f.‘

Hypothetical offset site 1: current malleefowl habitat

Good malleefowl habitat with active malleefowl mounds. A range of common
potential threats were present (fox predation, vehicle strikes, impacts from
herbivores and inappropriate fire regimes).

Hypothetical offset site 2: Degraded cropping land, adjacent to mallefowl habitat

Highly degraded cropping land, with no active malleefowl mounds, and adjacent to
malleefowl habitat (so it was possible for malleefowl to disperse). The same potential
threats to malleefowl described for site 1 were also present here, but experts would
need to adjust their estimate of the benefit of management actions based on the
different starting conditions of hypothetical offset site 2.

Northern quoll

Hypothetical offset site 1: current northern quoll habitat

Northern quoll habitat on a large grazing property with low grazing pressure
and minimal human disturbance. A range of potential threats were present
(including feral cats and inappropriate fire regimes).

Hypothetical offset site 2: Degraded grazing land, adjacent to northern quoll habitat

Grazing property with substantial disturbance from grazing and fires, adjacent W
to northern quoll habitat. No northern quolls occur at the site, but with implementation A o 5
of active land management, could move in from the adjacent site. The same threats 3 A

to the northern quoll described for site 1 were also present here, but experts would
need to adjust their estimate of the benefit of management actions based on the
different starting conditions of hypothetical offset site 2.
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Many species are widely distributed and occur in a range of different habitats and contexts. Some of this variation can
best be captured by describing different hypothetical offset sites. However, in some cases, a species might be expected
to respond differently to a management action in different parts of its distribution — even if the sites at which the action
is done are broadly similar.

In these cases, it is important that expert judgements capture substantial regional variations in the expected benefits
of management actions. If possible, facilitate the participation of species experts working across the full geographic
range of a species. You can divide the survey so that it is completed separately for different geographic regions, and
by any experts comfortable with providing answers for those regions. One way to manage this is to ask experts at the
end of the survey whether they believe their estimates would differ substantially if they considered a site in a different
geographic location (e.g. Victoria versus Northern Territory). If so, ask experts to submit a second survey with their
answers modified accordingly, noting the region they were envisaging. This allows calculation of different benefit
estimates for a given action done in different locations.

Things to consider:

« For each hypothetical offset site, experts will be asked at least two survey questions: one about the
counterfactual scenario in which no management is changed at the site, and at least one describing the
offset management scenario/s in which each management action identified in Step 3 are implemented.
The more hypothetical offset sites and the more regional differences to be captured, the longer the survey
will need to be. An additional survey question is added for each additional action proposed at each site.

. /

As part of the survey, it can be useful to provide a space for experts to briefly describe a site containing the species
habitat that they are familiar with, to help ground experts’ answers. This can then be checked for any assumptions

that were not consistent with the hypothetical offset site, or that are likely to lead one expert to give very different

judgements from others. We suggest providing this opportunity, for example:

If you wish, you can briefly describe a site containing malleefowl habitat that you are familiar with here, to help ground
your answers (e.qg. approximate location and size):

Step 7. Describe the counterfactual scenario

In the survey, the first set of information presented to the experts will be the description of a hypothetical offset site,
with its current benefit indicator value. Then, in the first survey question, the experts will be asked to estimate what is
likely to happen to the value of the benefit indicator at that site in the specified time horizon, if there are no changes to
the management of the site. This is called the counterfactual scenario.

The counterfactual scenario describes what would happen at a site if we do not implement an offset action (Box 2.6).
It is important to capture this information from the experts, because the benefit of an offset action is the difference
between the value of the benefit indicator if the offset action is implemented and the value of the benefit indicator if
the offset action is NOT done, under the counterfactual scenario.

Although it is often appropriate that the counterfactual scenario involves no particular conservation management, in
some situations, conservation management may be part of the counterfactual scenario. It is important that the scenario
includes any such conservation actions that would occur regardless of whether the site became an offset. For example,
if in a region that already has an ongoing fox control program that should be part of the description of the scenario.
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Box 2.6 Example text for a counterfactual scenario

We would like you to think of a 400 ha site which contains malleefowl habitat.

In 2018, there were 5 active mounds on site. A number of potential threats to
malleefowl exist on the site, including fox predation, vehicle strikes, impacts from
herbivores and inappropriate fire regimes.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

An "active mound” is one which is likely to have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

7.1 Draft the first survey question: value of the benefit indicator under the counterfactual scenario

Once the counterfactual scenario is clearly described, the first question can be drafted. As with all questions in the
survey, it takes the form in Box 2.7.

Box 2.7. Example text for the first survey question.

1 1
[ [
: How many malleefowl mounds will be present at a site containing malleefowl habitat in 20 years, excluding any :
1 additional impacts from mining, agriculture, urban development that may occur over the next 20 years? 1

An important step in asking this question, and all subsequent questions in the survey, is to ensure that the wording
excludes any impacts on the site due to actions likely to trigger an offset requirement themselves (Maron et al., 2018;
Maseyk et al,, 2020). For example, if a hypothetical offset site is important habitat for a threatened species, and the
clearing of that site for a development would be likely to trigger the requirement for an offset, then it is important that
experts do not include that risk of clearing in their envisaged future scenario for the site.

Because of this, for each counterfactual and action scenario, we recommend you include the statement: "We want
you to ignore the possibility of any additional human development (mining, infrastructure, large-scale agriculture)
requiring formal approval that may occur in the site vicinity over the next 20 years.” as described in the template
spreadsheet (Appendix 1). You can clarify for the experts that formal approval should refer to any approvals that are
likely to require offsets for substantial impacts, such as under the EPBC Act, or you can specifically name the types
of approval that are relevant.

If the value of the benefit indicator is likely to be strongly affected by stochastic events, such as catastrophic drought,
fire or flood, it may be appropriate to clarify for the experts how such events should be considered in their judgements.
A simple way to manage this risk is to include in the question a request that experts “assume that it will be an average,
non-drought year” at the time horizon of interest, or you can state that stochastic events are not to be considered as
they are equally likely to occur under all scenarios.
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Step 8. Describe the offset action scenarios

The next set of questions in the survey will ask the experts to envisage the value of the benefit indicator at the
hypothetical offset site under a series of different offset action scenarios — one scenario for each offset action or
combination of actions that were identified in Step 3, and that are relevant to the hypothetical site in question.

Some management actions are more relevant in certain scenarios than others. For example, it doesn't necessarily
make sense to implement habitat restoration on a site where habitat is already in good condition. The most promising
and reasonable offset action scenarios for each hypothetical offset site should be determined in consultation with
the key informants.

Often, it is useful to ask about combinations of actions as well as individual actions. This is because some actions
may work poorly on their own, but in combination with other actions, they can be more effective. Protecting habitat
on a site that is highly degraded might be unlikely to deliver a conservation benefit unless a range of other actions
are implemented concurrently (e.g. control of invasive species, active habitat restoration, introduction of captive
bred individuals). For example, replanting of nectar-bearing food plants may benefit regent honeyeaters, but only

if aggressive noisy miners are also controlled at the site.

For each survey question about the offset action scenario, clearly describe the management actions to be done,
with enough detail that the experts can envisage their likely effect on the target species. The question then asks the
expert what the value of the indicator is likely to be at the same point (or points) in time as used at Step 7 for the
counterfactual scenario.

8.1 Draft the subsequent survey questions: value of the benefit indicator in the offset action scenario/s

Questions about the offset action scenarios take the form in Box 2.8.

In drafting the questions, it is important to strike a balance between providing enough information about the
management action for experts to envisage how it will be done, but not so much that the description is relevant
to only a very particular subset of places. For example, you may choose not to specify the intensity and frequency
of application of particular management actions (e.g. fox baiting) in the survey, since these factors are likely to vary
geographically. Instead, experts could be asked to assume that management was implemented to a ‘best practice’
standard, which allows them to make their own judgement about what type of implementation would apply in the
context they are familiar with. The survey can provide space for experts to record this detail if they chose, which
can then be shared (anonymously) with other experts during the ‘discussion’ phase. The questions should be free
of linguistic ambiguity and framing that may generate unwanted bias (Hemming et al., 2017).

Note that, as with the survey question about the counterfactual scenario, the question wording must exclude the risk
of impacts on the hypothetical offset site that would, if they occurred, themselves trigger an offset requirement.

The survey questions are developed in the four-step format (Speirs-Bridge et al., 2010) which involves asking experts
to provide upper and lower plausible bounds, a best guess, and an estimate of how confident they are that the correct
answer is within the upper and lower bounds they gave (between 50 % and 100%) (Hemming et al., 2017). This allows
an expert's responses to the four-step format questions to be interpreted as best guess within a credible interval
(usually standardised to 90% probablity), based on their current knowledge (Hemming et al. 2017).

The survey should be checked for flow, logic and to ensure that the questions comprehensively cover the spectrum
of management actions (or combination of actions) that need to be considered. It is recommended that the length of
the survey should not exceed 15-20 questions for a species or ecological community, in order to avoid expert fatigue
(Speirs-Bridge et al,, 2010). Survey text is best developed in a word processing document, before being transferred to
an appropriate survey template (either a spreadsheet or online survey; for an example, see Appendix 1). It is ideal to
have the final survey text double-checked by two members of the project team, to ensure the survey text is correct.

24



Box 2.8 Worked example of the four-step question format

Recall the site from Question 1, the 400 ha site which contains malleefowl
habitat and 5 active mounds in 2018. Assume the existing site and regional
pressures (e.g. fox predation, vehicle strikes, impacts from herbivores and
inappropriate fire regimes) remain in place.

In 2018, the site is placed under a permanent conservation covenant. General weed control and habitat
maintenance will occur as part of the covenant, but no malleefowl specific management actions will be
implemented.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

Assume that it will be an average, non-drought year in 20 years.

Question: Assuming the site is place under a permanent conservation covenant, how many active malleefowl
mounds will be present at a site containing malleefowl habitat in 20 years, excluding any additional impacts
from mining, infrastructure, large-scale agriculture that may occur over the next 20 years?

i. Realistically, what do you think the lowest plausible number of mallleefowl mounds will be in 20 years?
ii. Realistically, what do you think the highest plausible number of malleefowl mounds will be in 20 years?
iii. Realistically, what is your best guess for the number of active mounds in 20 years?

4
I 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 An "active mound” is one which is likely to have been used as an incubator in October. [
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 iv. How confident are you that your interval, from lowest to highest, could capture the number of active [
: mounds? Please enter a number between 50 and 100%. :
\

2.3 Recruit the experts

Experts for the elicitation process can be undertaken using a targeted (non-random) sampling approach (Drescher et
al., 2013), based on existing networks and the recommendations of key informants. A snowball sampling approach
(Drescher et al.,, 2013) can then be adopted for additional participant recruitment, with the aim to reach a final sample
of >10 experts per elicitation. Snowball sampling involves asking each expert identified to identify other experts to ask,
and continues until no new experts are identified.

It is ideal to recruit experts who have worked, or are currently working, in the management of the case study species,
including scientists and managers from research institutes, environmental non-government organisations, government
agencies, consultants, industry and representatives of species recovery teams. This expert elicitation method can be used
even if only small numbers of experts can be recruited, but the robustness of the results will be greater with more experts.

Evidence shows that expert judgements produced by a group of diverse participants tend to outperform individual
judgements of “esteemed” experts (Carey & Burgman, 2008; Hong & Page, 2004; Wintle et al,, 2013). This means that
expert elicitation processes will provide more robust estimates when they draw on the expertise of people who work
across a range of sectors (e.g. research, consulting, industry) and geographic locations, have varying years of experience
and different educational backgrounds (e.g. high school certificate to PhD). So, although often constrained by a relatively
small pool of experts with sufficient knowledge of the species, aim for a diversity of experts within your sample.

Experts can be recruited with short introductory emails about the project and an invitation to participate in an
introductory teleconference. The introductory email should include a project statement, the project team contact
details and a consent form if required for ethics.
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2.4 Conduct the elicitation

Step 1. Hold an inception meeting

Once the expert group are identified and established, the draft survey questions and participant information sheet
should be circulated, and an inception meeting is undertaken via group teleconference (with video and a screen-
sharing presentation as an option). This initial meeting is important for establishing a rapport with the experts, explaining
the motivations for, and expectations of, the elicitation (Hemming et al., 2017). The most appropriate format for the
elicitation process and associated meetings will depend on the time and budget, location and availability of experts
(Hemming et al., 2017). If multiple species are being considered, a workshop may be a more suitable option.

During the inception meeting, the facilitator or problem owner describes the justification for the elicitation and the
process of the IDEA protocol (see Box 1.7). They describe the alternative scenarios, the questions about the management
actions and the counterfactual scenarios, and the instructions for the completing the survey. This provides an
opportunity to ensure the wording of the questions and the requirements of the process are clearly understood.

The four-step format of providing quantitative estimates (minimum, maximum, best estimate and credible interval,
Box 1.7 (Hemming et al., 2017; Speirs-Bridge et al., 2010), needs to be clearly explained, with potential training to
ensure all experts understand the rules of participating and what is expected.

The facilitator should explain that experts must not speak to each other about the process until the discussion phase,
but may speak to anyone else for advice, and use any relevant information sources available (Hemming et al., 2017).
It may be useful to develop a library of relevant publications which can be shared amongst the group, particularly

for species which have a broad distribution and different threatening processes across their distribution (such as the
northern quoll). It is important to clarify at the start of the inception meeting that participants can ask questions to
clarify the task or the wording of the questions, but cannot express any opinions about the effectiveness of any

of the actions, that may influence others’ estimates.

At the end of the inception meeting, the facilitator should ensure the experts are clear about the survey requirements,
reiterate the timeline and procedures for the first round of the expert elicitation process, and allow for any questions
to be addressed (Hemming et al., 2017).

Step 2. Conduct Round 1 elicitation

In the first round of elicitation, the survey (Appendix 1) is circulated via email to the experts, together with instructions,
and given a fixed period (suggested 2-3 weeks) to complete the survey. All responses remain anonymous to reduce
bias among experts, and experts are asked not to confer with one another prior to completing the survey.

Step 3. Complete analysis and data aggregation
It is recommended for a project team member to review the responses as they come in, to ensure numbers were
entered in the correct boxes, that surveys are complete and include the correct units (if applicable).

The analysis phase involves cleaning the data, standardisation of the levels of uncertainty that experts indicated, and
aggregating judgements. The estimates of uncertainty are standardised to reflect the same uncertainty level (for e.g.,
a belief that there is a 90% chance that the true estimate is within the upper and lower estimates). The average 'best
guess’ outcome for each scenario is calculated as the unweighted mean of all best guess estimates across the group
of experts.

Data analysis can be undertaken using R, a free software environment for statistical computing and graphics. A specific
R code developed by Hemming (Hemming et al., 2017; Hemming et al., 2018), for analysis structured expert elicitation
data is available through the Open Science Framework (nttps://osf.io/xwzkc/)

Once this analysis is complete, simple graphics showing the results of Round 1 (but in anonymised form, in Box 2.9)
can be shared with experts.

26


https://osf.io/xwzkc/

Box 2.9

Results of Round 1 expert elicitation for the yakka skink. The red dot indicates the group average. The diamond
indicates the "best guess’ for the individual experts, and the lines show the 90% credible intervals for the number
of yakka skinks in response to no change (the counterfactual) and protection and predator control in high quality
habitat after 20 years of each scenario (starting with 40 yakka skinks in Year 1). Note expert 8 did not provide

responses to this guestion.
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Step 4. Conduct the group discussion

The discussion phase is an integral part of the protocol, takes place after the anonymised results of Round 1 are
distributed to the experts. The purpose of the discussion is to ensure that all experts have a common understanding
of the hypothetical offset sites and actions, and have interpreted the questions in the same way. It also allows
identification and resolution of any problems with the questions that were not evident until the survey was attempted.
For example, as part of an expert elicitation process for threatened black cockatoos in Western Australia, we asked
experts to provide responses with a benefit indicator score between 1 and 10, from poor to high quality foraging
habitat. Following the first round of the survey, experts advised that the scoring system should allow for a value

of 0, and allow for 0.5 increments, to allow them to reflect the scale of changes they believed were likely. These
adjustments were made for Round 2 of the expert elicitation, and experts could then update their estimates.

The discussion phase can occur via teleconference (with the option for video) or face-to-face. If a face-to-face
workshop is held, time to complete the Round 2 estimates could be scheduled following the group discussion.

It is important to plan the discussion phase with adequate time to go through all of the results, including discussion
of outlier estimates, why they might occur, and plausible sources of variation amongst the results. It is also important
that anonymity is maintained throughout the discussion in terms of which participant contributed which data point,
unless experts voluntarily identify their own data point in the results for the purposes of the discussion.

One common reason for outliers or large variation in results is participants have different interpretations of the
qguestion, or different assumptions about the action described in the question. Identifying these inconsistencies allows
clarification of any ambiguities in meanings/interpretation, so that the question context and assumptions made by
experts are consistent for Round 2 of the elicitation. In some cases, some additional information about the benefit
indicator, counterfactual scenario conditions, or the management actions being considered might need to be
provided and agreed upon by the experts.

Things to remember:

» Explain to experts how the standardisation of the credible intervals works, and that because of this, the
upper and lower bounds around their standardised estimate may be different to their raw estimate.

» Draw attention to any apparently contradictory results. For example, one management action alone might
have been estimated to have a benefit of x, but that action in combination with a second management
action might have been estimated to yield x-1. This might be because of either a genuine antagonistic
effect when the two actions are done together, or a misstep in reasoning. The group discussion can clarify
which is the case.

. /

Step 5. Conduct Round 2 elicitation

Following the discussion, the second round of the survey is distributed to experts, who have the option of providing
an updated, anonymous and independent estimate for each question in the light of the discussion. Often, the group
discussion can increase the confidence of experts in their estimates, and so the credible bounds might reduce and
outliers might converge on the group estimate (Hemming et al., 2017).

Step 6. Documentation and reporting

Once the elicitation process is completed, the experts’ final individual (anonymised) judgements and the group’s
aggregate estimates should be circulated again to the group for final review, to help pick up any errors. Graphical
display format similar to that provided to inform the group discussion after Round 1 should be used (Box 2.9), with
clarity on what sites and actions each set of results refers to. Once experts are satisfied that the results reflect their
true beliefs, the data can be used to estimate benefits of alternative offset actions.
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2.5 Summarise estimated benefits of offset actions
The aggregated judgements from Round 2 form the final results of the expert elicitation process.

The approach generates the average 'best guess’ about the outcome under each scenario, based on the average

of the estimates across the group of experts. It also summarises inter-and intra-expert uncertainty about those mean
estimates (Hemming et al., 2017). The average best guess and the standardised uncertainty bounds are generated
for both the counterfactual scenario, and the offset action scenario.

To estimate the mean benefit expected from a given set of offset actions, there is one more step to complete.
The estimated mean benefit is the difference between the two average ‘best guess’ outcomes — those for the
management action scenario and the counterfactual scenario. This difference provides information on the
expected benefit of the management action (or combinations of actions) described in the offset action scenario:

Estimated mean benefit = average best guess outcome under the management scenario— average best guess
outcome under the counterfactual scenario

This difference can be calculated for a range of alternative offset action scenarios, so that the estimated mean benefit
of different biodiversity offset options can be compared. It can also be used to guide expectations about the likely
benefit from a specific proposed offset action or set of actions at a site, as long as that action and the offset site align
with the description presented to the experts. If the actions or the site's characteristics differ from this, then appropriate
adjustments to estimated benefits should be made — and if they differ a lot, the elicitation results may not be a useful
guide. It is important to note that the benefit of an offset is unlikely to scale linearly with offset site size or effort —
smaller sites are likely to yield disproportionately lower benefits, and so it is best to ensure the scenarios presented

to experts reflect a minimum unit of area/effort for a given offset.

Things to remember:

» Be very wary of making assumptions about downscaling estimates of benefit to smaller sites. It may be
reasonable to assume that doubling the amount of offset area and effort might double the expected benefit
(as long as other offset site conditions are unchanged) — but halving them probably more than halves the
expected benefit or could even eliminate benefit entirely.

Uncertainty around the mean benefit

Uncertainty surrounding the estimated mean benefit can be presented as a range, incorporating the lowest and highest
expected values from the counterfactual and management scenarios. To ensure the uncertainty for both sets of
estimates is reflected in this range, the following approach can be used:

Minimum plausible benefit = minimum management scenario estimate — maximum counterfactual scenario estimate
Maximum plausible benefit = maximum management scenario estimate — minimum counterfactual scenario estimate

This results in a range around the estimated mean benefit, in which the minimum plausible value is the benefit we
would expect from a management scenario if both the worst outcome (based on the standardised credible interval
from expert elicitation) from the offset management actions and the best outcomes from the counterfactual scenario
were true. The maximum plausible value reflects the combination of the best outcomes from management and the
worst outcomes from the counterfactual scenario.

~

Things to remember:

e [tis important to recognise that the estimated mean benefit at this stage is not yet adjusted for any potential
time lag between the time of an impact and the offset benefit being fully realised, nor is it yet adjusted for
the uncertainty that the experts have indicated that is associated with their best guesses (i.e. their upper
and lower estimates). Both of these are important steps to ensure that estimates of benefit are realistic
and expressed in present value terms.
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Adjusting the estimated mean benefit for uncertainty

As described above, an important advantage of this expert elicitation method is that it explicitly captures the uncertainty
around each estimate. There may be substantial uncertainty about the way that a species will respond to an offset
action and about the counterfactual scenario. This uncertainty can be both within individual experts, and across the
judgements of different experts. Intra and inter-expert uncertainty may be high for a range of reasons, such as a lack

of definitive ecological knowledge about relative contributions of threatening processes (e.g. malleefowl, night parrot),
or uncertainty regarding the response of the species to some management actions.

It is important that this uncertainty is not only recognised, but appropriately dealt with, when making decisions about
the suitability and adequacy of offsets. Actions that have highly uncertain outcomes, or benefits based on averting a
loss that itself is highly uncertain, might not be acceptable, as robust evidence is required to support offset actions.

However, moderate uncertainty may be able to be accounted for by penalising the benefit estimate proportionally
(for example, as is done under the EPBC Act offsets assessment guide). An outcome about which experts are only
80% certain might be penalised by 20%, for example.

Given the way that uncertainty is elicited in this approach to expert elicitation, it is not straightforward to convert the
estimates of uncertainty about the counterfactual and offset action scenarios, or the uncertainty around the estimated
mean benefit, into a penalty to apply to the estimated mean benefit.

One approach is to use the triangular distribution generated by the estimated mean benefit and the maximum and
minimum plausible benefit to adjust the estimated benefit, with greater uncertainty resulting in larger adjustments
(meaning that a larger amount of offset action would be required to deliver a given benefit).

There are three components to this (see Box 2.10).

* The first component of the adjustment relates to whether the estimated mean benefit is more likely to be an
underestimate or an overestimate. The adjustment value is the difference between the estimated mean benefit
and the mean of the three values: maximum plausible, minimum plausible, and estimated mean benefit. If the
estimated mean benefit is higher than this mean, then this adjustment is applied.

e The second component considers the range between the minimum and maximum plausible estimates, with larger
adjustments for wider distributions, which reflect higher uncertainty.

« The final component considers the confidence that the true value falls within the range given, based on the
standardised confidence level (e.g., 90%).

Under this method, the overall adjustment is the sum of these three values, and this is then subtracted from the
estimated best guess benefit. A worked example is given in Box 2.10.

Box 2.10: Example of adjusting gain to account for uncertainty

An expert elicitation workshop was held to estimate the benefit of additional management at an offset site.
Experts were asked to estimate what would be the highest, lowest and most likely number of nest hollows where
pairs of a threatened cockatoo bred successfully on a 400 hectare site under both the additional management
and counterfactual 'do nothing’ scenarios. After expert elicitation results were aggregated, and the following
estimated mean benefit and minimum and maximum plausible values were calculated as per Section 2.5,
reflecting a 90% confidence that the actual gain in successful nest hollows would be between the lowest

and highest estimates.

Minimum plausible
estimate (1)

Estimated mean
benefit (b)

Maximum plausible
estimate (h)

Number of

5

8

10

successful nest hollows

A simple approach to deciding on the expected benefits is to simply use the estimated mean benefit. However,
this fails to account for the uncertainty expressed by the experts, and carries a high risk that the agreed offset
action will fail to sufficiently compensate for the loss at the impact site. To correct for this, we can make some
adjustments to account for the uncertainty surrounding this estimate based on the distribution of all three values.
First, we can use the distribution of the best guess (b), minimum () and maximum (h) estimates to calculate if
the mean benefit is more likely an under or over-estimate, based on the mean of the three values: (l4+b+h)/3.
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No adjustment: the best
guess is equally likely to be
too high as it is too low

We adjust the estimated mean benefit if the best guess is higher than the mean. In the above example, we would

No adjustment: more of the
distribution is above the best
guess. i.e. it's likely the best guess
is an under-estimate

Adjustment: more of the distribution
is below the best guess. i.e. it’s likely
the best guess is an over-estimate

A\

I b h

—
| b h

subtract 0.33 from the expected raw benefit (5 + 8 + 10)/3 = 7.67; 8-7.67 = 0.33).

Estimated mean benefit (b)

mean (l+b+h)/3

Adjustment 1 (penalty)

8

7.67

0.33

The second source of uncertainty comes from the range between the minimum and maximum plausible values.

Less uncertainty

More uncertainty

1

I I

b h I

I

b h

This can be accounted for by multiplying the standard deviation of the range by an arbitrary amount, such as

10%, reflecting the maximum penalty for this component. For the above values this gives an overall adjustment

of 0.1, i.e. 1.0 * 10%

Range

Standard deviation

Adjustment 2 (penalty)

5

1.0

0.1

Finally, we are only 90% sure that the actual increase in the number of successful nest hollows will be between

the highest and lowest estimates. This means that there estimated to be a 5% chance that the actual achieved
benefit will fall below the lowest estimate. We can adjust for this by subtracting a further 5% adjustment from

the raw estimated benefit.

Estimated mean benefit

Adjustment 3 (penalty)

8

0.4

The adjusted estimated mean benefit of the offset action becomes the estimated mean benefit, minus the
adjustment for each of the three amendments.

Adjustment Adjusted estimated mean benefit
Total penalty =estimated mean
1 2 3 (=sum of benefit -adjustments
adjustments) (=8-0.83)
0.33 01 04 0.83 717

This adjusted estimate mean benefit (of 7.17 successful nest hollows) accounts for the level of uncertainty

expressed by the experts.
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Section 3. Estimating the costs of offset actions

Estimating the costs of offset actions is useful for situations when you want to ensure that the most cost-effective
action is selected. This might not be relevant to some situations — such as when an offset approach is already decided,
and the task is to estimate the expected benefit from that approach; or when costs of alternatives are known. However,
itis often useful to estimate approximate costs so that the least cost-effective options can be excluded early in a
decision or policy development process. This process provides a ranking of the relative cost-effectiveness of actions,
which can provide a guide as to what actions to choose. However, it shouldn't be relied upon for site-specific costs.

We recommend following the standardised methods (Carwardine et al., 2019; lacona et al., 2018) for estimating the
costs, which we describe in the following six sections. This standardised method allows for the costs to be compared
across management actions and species, and provides the data in a format that can be modified for use in different
situations in the future. The template spreadsheet (Appendix 2) has been adapted from these sources.

Cost estimation can be conducted before, after, or alongside the estimation of benefits, however, it is important to
clearly specify the detailed nature of the actions before the benefits and costs are estimated (see Section 2.2, Step 3).

3.1 Specify detailed tasks within each action

For each scenario, the specific actions required for effective implementation should be outlined based on best-
practice methods aligned with the hypothetical scenario. This is best completed with assistance from experts who have
implemented this action in the past, to clarify which specific tasks would be involved. For example, the ‘protect habitat’
offset action for malleefowl would involve several tasks, including establishing a permanent conservation covenant

or protected area, ongoing weed management and fencing. Each of these tasks need to be costed.

If best-practice methods vary across typical sites or circumstances, the most appropriate or typical method should
be selected, or the differences across methods should be accounted for in the uncertainty estimates of cost.

For example, ground mammalian predator control would be appropriate in small sites or near urban areas, while
aerial baiting would be selected in more remote, larger areas. The most likely action could be chosen to estimate
costs, or the both options could be costed, and presented as a range of possible costs.

3.2 Estimate costs of each action

Estimate the costs of continuing each action or task over the time horizon required by the offset as specified in Step 5
when defining the scenarios (Section 2.2). Specify the costs required for each of the following: labour, consumables,
equipment, overheads, monitoring, coordination, planning, and lost production if applicable (Table 3). Record the
currency and date for when the costs would be incurred (Carwardine et al., 2019). If possible, record the ‘best-guess’
cost, along with minimum and maximum costs. In most cases, it is easiest if the costs are provided in a ‘per hectare’
format, so it can be converted and scaled to different scenarios quickly. Some tools to assist with this are provided

by the NSW Government: https://www.environment.nsw.gov.au/topics/animals-and-plants/biodiversity/biodiversity-
offsets-scheme/total-fund-deposit-discount-rate.

Sometimes, only the total cost of an action is known and it is not possible to itemise the costs in to the specific
categories. This can occur if a contractor is hired to implement the action, and the cost is all inclusive of labour,
equipment and consumables. If this is the case, estimate the total cost/ha/year so it can be scaled accordingly
to new scenarios of different area and duration.

For each of these categories, specify whether the cost is a:

1. Start-up cost (i.e., only required in the first year), which may include costs of establishing a baiting program,
erecting fences or infrastructure, or administration and planning costs,

Annual cost (i.e., once every year for the duration of the project),
Biennial cost (i.e., every two years for the duration of the project),

Less frequent cost (e.g., every 5 or 10 years), or

SAE A

Irregular costs (e.g., only the first 3 years).
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Table 3: ltems to include in the cost estimates for each category

Item

Data required

Notes

Labour

Specify the number of people required
(and their salary level or role), and the
number of days/weeks required or
proportion of a full time equivalent
position (FTE).

Include time required for planning, implementation,
management, administration and training. Record the
time volunteers would spend on the project. Include
on-costs (such as superannuation, leave pay and
benefits) in addition to salary. Consider whether the
labour would be in-house or contracted, and adjust
costs accordingly.

Consumables

Transport (e.g. rental of helicopter or earth
moving equipment), fuel, construction
materials, costs of travel and meetings,
baits or herbicide, etc.

Includes costs for materials, transport, and travel.
Distance from site to nearest town or city should
be factored into the travel costs.

Capital assets
and equipment

Vehicles, equipment required for
intervention (e.qg. weed sprayers, cameras,
bait stations), personal protection
equipment, staff offices/accommodation.

Organisations usually have these available for use.

It may be fair to assume that a new car is not required
for the project, but maintenance costs may be
included under consumables. Or a proportion

of the cost could be included if used for other
projects. Depreciation costs could be included.

coordination

coordination and reporting. Only include
if these are not included elsewhere.

Overheads Organisation administration costs, e.qg. Often, organisations estimate the overhead as a
electricity and water, and support staff percentage of the total project cost, e.g. 20% of
not directly involved in the project. labour, consumables and equipment, if it hasn't

already been included elsewhere.

Monitoring Labour, consumables and equipment Specify the monitoring program design, and
required for ongoing monitoring progress | include the costs of all aspects, including set up
of the offset. This is kept separate, to and ongoing monitoring. Only include monitoring
emphasise its importance for inclusion costs here that aren't already included in
in the overall project cost. categories above.

Planning, Permits, labour costs for planning, This section is added separately as time spent on

these activities can be forgotten. This could include
contracting or legal fees, permits, administration,
or training courses for staff.

Lost production

Includes the profit that would be lost as
a result of the conservation action (e.g.
profit lost from sheep or cattle that were
removed from the site).

This is difficult to estimate, and may be excluded.
It may also not be appropriate to include this in
the context of an offset.

3.3 Methods for collecting the cost data
There are several methods of how costs could be collected, depending on the scale of the project, the collaborators
and stakeholders involved and the resources available. Given that costs vary dramatically across projects, where
possible, capture data from multiple people per action to provide a more accurate range of possible costs. Experts
involved in this section should have previously implemented these management actions, or have access to past
budgets or reports that state the actual costs.

In a workshop setting: multiple experts could work in groups to compile their data and their past experiences to develop
single estimates for the average, minimum and maximum costs of each action for the hypothetical sites. This method
is used in applications of the Priority Threat Management framework (Carwardine et al,, 2019; Wenger et al,, 2018).

Interviews with individual experts: If a workshop is not possible, natural resource managers could be interviewed
individually, and the data recorded into separate spreadsheets. This may be more appropriate than a workshop if
each expert has experience with different interventions. This method has been conducted by past researchers
looking for in-depth information (Wenger et al., 2018).

Review of reports and budgets: Compile data from past literature, reports and budgets, as a desktop review, if
resources and time are limited. The costs extracted from these reports need to be adjusted to be relevant for the
scenario in question (e.g. convert cost to appropriate area, based on a cost/area estimate).
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Where possible, ask experts to provide the exact estimates for your hypothetical scenario. Instead, they will often
provide estimates based on past budgets for real projects, which may differ in area or context to the hypothetical
scenario of interest. If time permits, work through the calculations with them to convert their costs into a cost per
hectare, and then the relevant cost estimate for the hypothetical scenario (offset area x cost/ha), while outlining the
assumptions made.

There are many factors associated with the site and the management action that cause the costs of conservation actions
to vary. Recording assumptions is important as this allows people in the future to understand which costs were included
or excluded, and the relevance of the reported costs to their situation. Ideally, the costs should reflect a typical situation,
but we acknowledge that it is often difficult to provide specific details for a hypothetical site. Asking experts for their best
approximation while recording their assumptions and making consistent decisions across each action is recommended.
Below is a list of factors that could be considered to assist when specifying the assumptions used.

For details regarding the context of the site, define the assumptions surrounding:

e current habitat condition as defined in the hypothetical scenario (e.qg. pristine or degraded),

« general location where the costs were estimated (different states or regions have different costs involved,
e.g. the Pilbara region is known to be more expensive than other regions in Australia due to its remoteness
and presence of mining),

« presence and density of weeds or feral animals (as this determines extent and intensity of management required),

» topography of the land (flat vs steep or mountainous terrain) and available water sources, as this may change
labour and material costs and

« distance from nearest town (as this determines travel time, fuel costs, transport of equipment and whether staff
need to stay on-site).

In terms of the management context, identify:

» existing infrastructure on the site, such as fences, staff facilities or buildings, and whether it would be required as
part of the offset action as this will determine what is included in the initial set-up costs,

* existing resources or equipment, such as cars and machinery, as this determines whether it needs to be purchased,

» existing land tenure (and level of protection), as this determines need for land acquisition or protection costs if
necessary,

e current and past land use (which links back to habitat condition of the site), and

» existing management actions (which determines the condition of site in the counterfactual 'no management’
scenario).

For each action, define the assumptions used about the:

« method of action chosen, (e.g., is aerial or ground shooting more appropriate for goat control in this context?),

» area and scale required for each specific action (e.g., would the entire offset site be managed, or is it only needed
on 10% of the site?),

e number of years required (e.g., is it ongoing annually, or only required in the first 5 years, or every 4 years?),

* intensity, duration and frequency of the action per area (e.g., how long would it take to survey 100 hectares
during a feral goat campaign, how many times would an area need to be surveyed during a campaign, and
how many campaigns per year would occur?),

» spatial configuration of the intervention, as this may change the costs (e.g., in dispersed patches or a single
continuous area), and

« the organisation responsible for implementing the action (e.g., is the work carried out by a contractor, an NGO,
or a government agency, as costs of labour and overheads vary dramatically between these).

Defining these sources of variation in hypothetical scenarios is difficult, given the potential variation across potential
real cases. We recommend specifying a typical scenario, and note any key variations that might be also plausible. The
costs could be captured for multiple scenarios to give a range of upper and lower possible costs. However, limit the
scenario permutations to a manageable number, by only selecting the most probable scenarios that would significantly
alter the costs involved.
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The following methods will ensure consistency when calculating costs across actions:

« Use standardised costs of staff FTE at different levels and roles across all interventions (e.g. professional, manager,
ranger and labour roles), at hourly, daily or weekly rates, to estimate labour costs. This could also vary across
government, private and NGO sectors, depending on the level of specificity required, and this variation could
be captured in the upper and lower estimates. There is a separate tab in the template spreadsheet (Appendix 2)
that can be used to specify the standardised labour costs. Standard costs could also be used for fuel and travel,
or any other expenses that occur across different actions.

» Include the cost of labour (in FTEs) that might not have been accounted for because it is usually part of someone’s
existing role. e.g. the time required to plan a prescribed burn may normally be included as part of an existing staff
member’s responsibility, and would not have been included in their cost estimate, but is important to include, given
the additional workload required for this new offset site. Avoid double counting (i.e., including the same cost twice)
within actions, e.g. if overheads are already included in salary estimates. Record the date that cost estimates were
incurred or reported, and decide whether to convert these past prices to current price accounting for inflation.

For example, if a report stated costs of an intervention from 2010, you could account for inflation based on the
consumer price index, and use the present value in the calculations. For transparency, report the original cost
estimate in the Notes section in the spreadsheet, and note the calculations used to establish the updated cost.

» Ensure that the assumptions made when estimating costs are consistent across actions, so they are comparable.

» Ensure that cost estimates for each offset action are standalone so each scenario could be fully implemented,
even if other actions are not. For combinations of actions, cost-efficiencies can be accounted for, e.g. if two
actions could be conducted at the same time, separate travel costs to the site would not be required in the
combined action scenario.

3.4 Tips for compiling the costs across multiple experts

If data on an action is collected from multiple experts, their costs must be compiled into a summary spreadsheet,
recording the average (or best-guess estimate), minimum and maximum costs per item. Given the costs in each
situation are extremely variable, this is difficult and requires several behind-the- scenes calculations, which should
be explained in the notes section of each item within the spreadsheet.

Experts can provide large ranges of estimates, or in a format that does not follow the itemised formula in Table 3.

They may only provide a total cost per action (including all or some of the cost categories), which requires
manipulation to be comparable with other experts’ estimates. In some cases, such costs are incompatible, and

cannot be incorporated into the estimates. These costs should still be reported, in the notes section, with a justification
for why these estimates were not used.

Another difficulty is the non-linearity of costs as the area of management increases. Due to the economy of scales,
the cost per unit area may be lower for interventions implemented across large scales compared to if implemented
in smaller areas. This is illustrated in the worked example below. Specify which assumptions you make.

Scenario: Expert 1 provides a total cost of a management action across 200 000ha of $150 000 ($0.75/ha), while
Expert 2 provides a total cost of $5 000 for 1 000ha (i.e. $5/ha) (shown as blue data points in Box 3.1). If the hypothetical
scenario is for 100 000ha, you could either:

1. Record the minimum cost as $75 000 (using $0.75/ha estimate), maximum cost as $500 000 (using $5/ha
estimate), and the average as $287 500 for 100 000ha of management (however, this creates much higher and
possibly unrealistic estimates — yellow data point in Box 3.1); or

2. Select the most appropriate cost estimate for the hypothetical scenario (in this case, let's say $0.75/ha, given the
similar magnitude of spatial scale) and provide that as the average cost. If possible, ask experts which option would
be most appropriate. Keep a record of the other cost estimate in case it is useful in a future scenario, and provide
justification as to why only one cost estimate was used (orange data point in Box 3.1); or

3. If the cost does not increase linearly with area, fit a curve to the area vs cost data (e.g. Box 3.1, grey data point),
to account for non-linearity in the cost estimate. For example, a logarithmic or power-law model can be fitin
Microsoft Excel using ‘format trendline’ in the x-y plot plotting function. This would be more accurate if there
are three or more data points, and could provide a better estimate than taking the average cost/ha estimate if
economies of scale applies.
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Box 3.1: Non-linearity of costs in relation to area under management

Effect of non-linear costs as spatial extent increases. There are three options of how to compile two cost
estimates from different scenarios or experts (blue circles): taking the average cost/ha (yellow circle); using
only the most relevant cost estimate, based on linear scale (orange circle); or fitting a logarithmic or power-law
curve to the data points to account for economies of scale (blue line — logarithmic in this case).
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3.5 Calculate total costs per action

Once the cost data for each action have been collated across experts, take the sum of the itemized costs from

each cost category for each year of the specified offset time horizon, e.g. over 20 years. This will give a total cost of
management in that year. Then calculate the total present value, given a discount rate, so that the cost-effectiveness
of each action in the future can be compared in present day values (formulae provided in Appendix 2). The discount
rate will depend on who will fund the offset, but for our examples, we have used a 5% discount rate.

The total cost of each action can be presented as the present value of implementing the action across the full time
period, or an average annual cost (formulae provided in Appendix 2). Also calculate the total upper and lower cost
estimates to account for uncertainty.

3.6 Estimate cost-effectiveness to inform offsets

The cost-effectiveness of an offset action can be calculated by dividing the costs by the benefits. This calculates the cost
per individual of the species (or other unit of biodiversity), e.g., cost per additional malleefowl resulting from an action,
over the offset time horizon. Actions can then be ranked by their cost-effectiveness, and proponents might then be able
to be guided toward the types of offset actions that are likely to be more cost-effective. In the context of a specific offset,
there is usually a set amount of benefit required, and the amount of action and/or the area over which it is done will need
to be scaled to ensure it is expected to adequately deliver that requirement (after allowing for uncertainty and time delay).
Examples of these cost-effectiveness calculations are provided in the case studies (Section Four).

Each benefit estimate has uncertainty associated with it, and the degree of uncertainty is relevant to decisions about
what type of offset and how much offset action is required. It is therefore important to understand how the uncertainty
of the benefits and costs changes an action’s cost-effectiveness ranking. Comparing these four scenarios in a sensitivity
analysis is a fair assessment of the uncertainty:

«  Minimum benefit estimates with the best-guess cost estimates
«  Maximum benefit estimates with the best-guess cost estimates
*  Minimum cost estimates with best-guess benefit estimates
«  Maximum cost estimates with best-guess benefit estimates

Other sensitivity analyses could include using different discount rates if there is uncertainty in the most appropriate
rate to use (Carwardine et al., 2019).
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Section 4: Case studies

To develop the methods we describe in this guidance, we conducted elicitation processes for a selection of species
for which:

(i) there are currently limited data available to inform offset strategies;

(i) offsets have been challenging to identify or particularly costly; and/or

(i) habitat protection alone may be of limited benefit.

The case study species were selected through discussions with staff from Federal and State government agencies

who work on biodiversity offset assessments and approvals. Here, we describe in detail the steps taken to conduct
elicitations for two of our case study species, the malleefowl and night parrot.

Case study 1. Malleefowl

Background

The malleefowl (Leipoa ocellata) is a large ground-dwelling bird that is distributed across the semi-arid, mallee eucalypt
woodland of southern Australia. The species is renowned for its construction of large nesting mounds with leaf litter
and sand, which incubate its eggs as the leaf litter composts and generates heat. The malleefowl is listed as Vulnerable
under the EPBC Act, and is a listed threatened species in New South Wales, Victoria, South Australia, Western Australia
and the Northern Territory.

Figure 1: Malleefowl (Image: Donald Hobern CC 2.0_Flickr), malleefowl mound (Bush Heritage Australia). Map shows
location of the long term malleefowl monitoring sites (black dots) distributed across its historical range in WA, SA, Victoria
and NSW with the number of site-years of monitoring data for each state. Source: (Benshemesh et al., 2020)

Why are offsets difficult for malleefowl

For controlled development actions that result in a significant residual impact to malleefowl habitat, offsets may be
required by the Commonwealth to deliver a conservation outcome that improves or maintains the viability of the
malleefowl. Potential offsets for the malleefowl could involve actions such as the protection of habitat, herbivore
control, fire management, fox control, captive breeding and a combination of these.

A major challenge for malleefowl conservation is that the relative contribution of key threatening processes to malleefowl
is unknown. The most commonly applied management action applied for malleefowl is fox control; however, it is
currently unknown whether reducing fox abundance leads to increases in malleefowl populations (Gillam et al., 2018).

Suitable habitat availability is a key limiting factor for the malleefowl, and even where habitat exists it may not be of
sufficient quality to support breeding, in addition to the threats posed by invasive species and fire. Therefore, protection
of habitat alone will usually not deliver an ‘improve or maintain’ outcome for malleefowl. The information needed to
determine what combination of actions are required to achieve a conservation outcome for malleefowl, including their
likely costs, frequency of application and other details are unfortunately not readily available to regulators who develop
conditions of approval.

Guidance for estimating the benefits and costs of biodiversity offsets using expert elicitation 37



(Uoseas Buipaa.g USLIND JO U3
1SOW 2Y) Ul J01egNDUl Ue Se pasn usag aAry 01 A3y S YdIYym U0 Se pauysp S| pUNOUL SANDE ue)

2)IS BY Q0¥ e UM SPUNOLW SANDe JO JIaqUINN

'SBM |MOJ23])RWI JOJ JOIRDIPUI 1UBUS] 2y |

JUasa4d SpuNoW SARDE JO Jaquinu ay3
papndul 1ey) uondudsap e uo paseq 3yis e Jo
an)eA ayy abesiaus AUD1SISUOD pue AlIses pinod
suadxa 0s ‘wesboid Aonins wis1-buo) Bunsixa
Ue Ul SIO}eDIpUl Se PaJO}UOW OS|e 348 SPUNO

(£00¢ 'Usswsysued)

Jied Buipasiqg e Jo adussald ayy se1edipul Ajgenal
pUNOW SANDE Ue pue ‘sainiea) bunse-buo) pue
uaUIWOoId 818 SPUNOW 1SN "S21eWNSD asioaldwl
sapirnold Aoadip spaig auyy 1oy bulksains os
'ondAiD aie pue ‘AlIsusp MO 18 INDD0 |MOJa3)1e N

Joyeolpul
1yausg e|geins
Anuspl t d=ig

S2J0AIQJDY PDNPOJIUI JO JONUOD + SOXOJ JO 10U0D + Juswabeueuw aiy + 1e1geY JO UONRIOISDY e
1elgey JO UONRIOISDY

1uawabeuew 2y + Buipaalq aARNded + SSIOAIGIaY PRONPOIIUL JO |ONUOD + SOXOJ JO J0NUO0D) e
JuswWabeuew aiy + S2JOAIQIBY PEONPOIUL JO JOAUOD + SOXOJ JO JONUOD) e

buipaaiq aAnded + eaJe paydsyold B JO JUSWIYSIgeIST e

S2JOAIQIDY PONPOAUI JO JONUOD) e

uswabeuew ail{ e

SOX0J JO JONUOD) e

eaJe Pa12210Jd B JO JUBWYSIgRIST

papnoul

(SUONRUIGUIOD JUBJaHIP Ul pue ‘AjjlenpiAipul) ASAINS aYy) Ul papNn|dul SOLIBUSDS UORDE Juswiabeuely

"(1MOJa311ew ay) Jo) buipaalq aAnded B'a)

sa109ds ayy Uo syoedwll 104 jeroidde JO SUORIPUOD
U1eaMUOWWIOD) JO 1ed pauwlio) Aisnoinald pey
1NQg ‘2inyelay Aa1b 10 pamainal Jaad syy UIyiim
paJsmded ANy usag 194 Jou pey Aoedujs asoym
suonoe yuswsbeuew 1enuUa10d psppe pue SUonRde
Juswabeuew JO 1SN SIY) pauyas weay 10afoid ay |
‘1MOJa3)1eW B4} JO UOIRAISSUOD 2] Ul 1SISSe

01 1ybnoyy suonoe yuswabeuew UOUWWOD

10131 e dojarsp padjay syuewiojul Aoy ay |

suonoe
Jusuabeuew
Auspl ‘¢ dass

"JO1eUIPJOOD AJSAODRI |euoneu
3y} BuIpNdUl ‘Wea | AISA0DaY IMOJS3)|1BN 18UONEN U1 JO SIaguusu BUIpURISBUO) 2 YIIM PSYIOM SAA

‘ojul dey 0y

PO9U PINOM DM 1BY) MIOMIDU LdXD ay) YIIMm pue
sa12ads ayy JO ABO10D9 2y} Y10g Yiim ALeniuey
pey oym SjueULIOJUI A3¥ OM) 1YBNOS apn

SjuBWIIOJUI
Aoy 1Inuoay "z daas

(¢e
UOND3S) 1MOJ23)1eW JOJ SUOND. 19510 2)q1ssod pue $1eaiy) aY) SUILUISISP O) PasN SeAM UONRWIOIUI SIY |

*Aieiql) suluo paJeys e ul
1MOJa3)1eW BU) UO (S34odad paysiigndun buipnidul)
2JNjeJall a1gejiese ayy paidwod wea) 10sfold ay |

MBIADJ
aimessy] T das

ubisap uonsanb
pue Aoans z'z obeis

'SS pue NL 'WW 'MC "FW pspnoul
YdIym weay 109(oid ayy buowe paleys a1om 1sAjeue pue 1o1eyioe;) ‘Isumo wa1qold Jo $a104 sy |

"UOIRYIDIS 1SOD pUE 1Uauaqg Ul asiadxe
Areyuswia1dwod yim poddns 10afoid Joj ey 1Ny
e 1ybnos am OS pue 3582 1531 1SIU Y} SeM SIY |

1uswabeuew 10afoid
pue sonsiboT 7'z abeis

uoisinaq

dJeuoljel pue ssa20.d

dajs pue abeys

MOJ22)1BW JO] ‘SISOD PIILIDOSSE PUR ‘SUONDE 19510 SANRUISYE JO Siyauad bunions Jo ssaooid ayy ul sdais pue sabeis s a1qel

@
M



¢SIe3A OZ 19A0 IN220 Aew
1841 Juawidojanap ueqin Jo peod ‘einnaube ‘bujuitd wo.j syedu) jeuonippe Aue buipnioxs ‘sieah oz
ul pue) buiddouo papeibap bujuieyuod a31s e 1e Juasaid aq jjim SPUNOW JMOJa3)eL dA1De AueLd MO

‘pue) buiddoud papeibap 10} OLLUSDS |eN1DLISIUNOD 3y |
(Siea 0z 1xau ay)

J9A0 UN220 Aewd jeyy yuswidojarsp uequn ‘ainynalbe “buiuiw wou) syoedw jeuonippe Aue buipnioxs
'SIBSA OZ Ul 181gey Mojaajjeud buiuieiuod a31s e je 1uasald aq JiIiM SpUunowl IMojaa)jeud Aueud MOoH

e1geY |MOJ3) W BUNSIXS JO) OLRUSDS |PNIDRLISIUNOD 3y |

1MOJ3)1eW J0J 31IS 13510
1eonayodAy ayy Joj uondo jensn se ssauisng, 4o
,BUIYIOU Op, 241 SI OLIUSDS 12NIDLLISIUNOD 3y |

OlBUDDS
1eN1oeLI2IUNOD By}
2quosa( 7/ daas

"2)IS UO spunow
DAL O BIOM 2J3Y) §TOZ Ul 1LNgeY 1MOJaa)jew 0) Juadelpe st pue ‘obe sieaf 0G paied)d Aj21ejdwod
Sem 3)Is ay | pue) buiddoid papeibap AIusiind Si ydiym 33IS eYOOE € JO Uiy O) NOA 31) PINOM I

‘pue) buiddouo papelbap Jo uonduosaq

"9]IS UO SPUNOW 9A110e

G 2JoM aJay) ‘STOZ Ul 1e1qey MOJa3)ieud SUIejuOD YdIYM 31iS ey O0F € JO Uiyl O} NOA 1] PINOM )
1BlIgRY IMOJa3)eW Bunsixe Jo uondudsag

‘pue] buiddoud papeibap pue 1engey |MOJa]1eUI BUNSIXS (2JoMm SIS 1950 |edNnayodAy
OM] B} ‘210J2JU | IMOJa3)1eW ay) J0J 181IgeY 9)ge)NS palilul] SI 243Uy 1Y) SI UONRIDPISUOD AdY

'$2109dS By} JOJ SBMS 19SHO

lenu10d Yiim 1u1sIsuod buisg ajym dususb
KISA 9g 01 papasu $a1Is 19510 1eonay1odAy ayd
JO uonduosSap ayY) '910)2JaY | "Bleisny uayinos
SSOJOE S1BYI0RY JUSJISHIP Ul INDD0 1MOJ33] BN

SIS 19SHO
JednsyiodAy
2g1Dsag 9 daxg

sieak 0z

‘sa10j0d UeIRASNY JSpUN PasN AJUOWILWIOD
1241 YIIM UbIe 01 USSOYD Sem UOZLIOY audn ay |

uozIoy s
uodn apioa ‘g doig

uoisinaq

dJeuoljel pue ssa20.d

dajs pue abeys

Guidance for estimating the benefits and costs of biodiversity offsets using expert elicitation 39



'SIeaA OZ 104 paNuURUOD

pue 3315 uo pajuswaidwi si welboid yuswsbeuew xo) pue (dasays pue syeob JO jerowdl 37)
DIOAIQUBY "2l PaUIQUUOD € ‘QTOZ U] 81IS aY] 18 Mmoibai 0) Ajaaissed pamojje uoneiobai aaneu pue
‘95892 jIM buIddoid ‘QTOZ Ul [1OJ3UOD XO) pue 2JOAIGISY ‘DU SUIqUUOD + pur|UIIR) PapeIDap 210159y

‘pajuBLWIRIdWI 248 SUORDe JUdLISbeURW DIID3dS-]MOJI9]1eU JOYI0 ON 18lgey jeulblo s)i
0) 910)S2J O} PAMOJJe 3q JJIM B)IS BY) pue ‘25ead JjIM buiddoid ‘Tz Ul :puejuie) papelbap 210153y

'SMO]|0) SB PaQIIDSaP 24oM pue) buiddold pspelbap JO) SUONDL 13S0 JUaJalIp ay |

'8TOZ Ul SPUNOW 2A1108 049z pue pue) buiddoid papeibap suiejuod YdIym X Uonsany) Wolj 91Is
BY) 11e0ay [PapPN|DUl SeMm 1X3) |rJaush sy ‘pue) buiddoid papeibap JO) OLIBUSDS UONDL 13SHU() Ydes JO4

‘pajuBLIL)dWI 248 SUOKDE JUSWISbRURL DUIDSAS-IMOJ3)1el JOU)IO ON ‘Sieak 0Z 10)
PINUNUOD SI pue 3)IS UO pajuswa)duwi si wesboid Juswabeuew aiy e ‘10z Ul -uswiabeuew aJi4

‘pajuswuaIdwl aJe suonoe

Juswsbeuew dY10ads-1Mo aa)eud 1ayio ON "SIeaA g 40) PaNuUiRUOD pue ‘93is Uo paiuawa)duw) s
(doays pue $3eob JO jerowual "a'l) weiboud j013UOD 8J0AIQIBY piepuels e ‘§TOZ Ul 10UO0D 210AIGISH
‘payuswa)duwil ae suonde Juswabeuew d410ads-)mMo aa)iewl 4o4io ON Sieah 0z

104 PONUNUOD S| pue 33 UO pajuswa)dwl sI welboid j0u0d X0  piepuels e ‘gTOZ Uf :j0J3U0D X0
‘pajuswIeIduwl 816 SUORDE JUsLUSbeuRW DYIDadS-]MOJa3)1eW JoYI0 ON "33IS Yl O} Pa2NpPOUl

aJe (91ews) G ‘vjew G) wesboud buipasiq arnded e oy pasiel Mojaa)ew ynpe bunoA 0T ‘9T0Z U]

UBUSAOD 3Y) JO 1ed Se JNd20 Jlim aoULUSIUIBL 18)IgeY PUB JOJJUOD PISM |2ISUSE) JUBUSAOD
uoneAasuoD Juauewad e dapun paseid sia)is ay) ‘9T0e Ul Buipaaig aanded + 1elgey Bunsixe 1991014

‘pajusWa)duwl 8q JIIM SUOnOE JUsWabeuew dy1oads

JMOJ33])eW OU ING 1UBUSAOD ay) JO 1ed Se JNd20 M s2ueUs uieuU 183igey pue 10.3UOD PIaM |elaust)
UBUSAOD UONBAISSUOD Juauewlad e Japun pade)d si 2)is ayl ‘QT0Z Ul JUBUSAOD UOIRAISSUOD)
'SMO10J SB PQIIDSIP S49M 18)IGRY |MOJa3)1BW JO) SUONDE 19SHO JUSIalIp 3y |

‘22e)d Ul ulews. (sawiba aiy ajeudoiddeur pue s3I0AIGIaY WO s)oedul

‘SIS 9)2IYaA ‘uonepa.d xo) b3) saunssaid jeuoibal pue 2)is buisixa ay) awnNssy ‘§I0Z Ul spunow
SAIJOE G pUP 1B)GeY JMOJS3])eUI SUIRYUOD YDIYM 31IS eY 00F Y1 ‘T UONSIND WO 3)IS 3] 1)y
POPNIDUI SEM 1XD] |RJaUDb DY) 1BIIgReY 1MOJa3)1eW BUNSIXS JOJ OLIBUSDS UONRDR 19SHO Yoes IO

'S/21S 1e2N2YI0dAY 1UBAS]I BU) 1B (UONRIOISS
1e3gey ‘Buipaaiq aAnded Juswsbeuew aiy
10JJUOD SIOAIGIBY PEINPOAUI 1OIIUOD XOf
“JUBUSAOD UONBAISSUOD) MOS8 1O} (SUORDIR JO
SUOIRBUIQUUOD J0) SUORDR JuaWabeuew yualayip
JO uoneuswadwl a4y 0} 31e)2J SOLRUSDS UONDR
12SHO 3y IMOjeR)ew 01 1WauRq JO 29 ybiw 1ey)
suonoe Jo abuel e payhusp! sjueLLLIOUl AsY By |

NePENERD
UoNDL 13S1Jo aY)
2quosaq g doig

uoisioaqg

9jeuoijel pue ssa20.d

da)s pue abeis

40



'sJa11aq JIBy) P1daYal SYNsal 1enpiApUl
241 1BU) 2]19L1OJWIOD 2JoM S1IadXa 1enpIAIPUI 1Y O UBIS, pue mairaJ 10} S12dxa 3 O) JUSS aJam
S1INSaJ pue ‘Z punoy 4oy uonebaibbe eiep pue sisAleue erep sy pa1e|dwod 1sAleue wes) 10sfoid ay |

buniodal
pue uoneIusWN20(
‘9 daxs

‘2uou pabueyd
pue $212WNSS JIaY) JO UO 1583 18 paburyd G 'S21RWINSD JO PUNOJ PUODISS 2] Pa19)dwioD suadxe

“(jlews BIA) SASAINS 2 pUNOY PI1LINDIID S

UOREeYDIT 2 punoy
PNpUoD g dais

‘AQuiensoun abie) pey 1ey) suonsasnb Jsyio Aue pue 1mojsa)ew o) bunieq
X0J JO A2eD1J2 31 INOJe UOISSNISIP PaPN]DUIl SIY | (82USJ2JU0D 03PIA BIA) UOISSNDSID dNolb e p1ay opn

‘uosJiad ul ueyl
Jayiel 92U2J2JU0D19) BIA UOISSNISIP Yl 10NPUOD
01 1UBIDLJ3 2JOUJ PIBPISUOD SeM 1 ‘Uleby

uoIssnosip dnoub
3U¥oNpuo) v dais

"OlIBUSDS YdB3 JO S2LIODIN0 3] 1INOge AUIr1adUN apIm INg
'SUONDR JUSJBLIP 91 JO 1UBUSd 2ANL2) 2U) 1N0ge 1UsWIsalbe 1esausb pamoys synsal a1ebaibbe sy |

'Sp2dXe aY) 01 1UDS 2JoM T PUNOY JO S1NSal
Y| ‘T punoy Jo) uonebaibbe erep pue siskleue
erep ayy pa11duiod 1sAjeur wea) 10afoud ay |

uonebalbbe
e1ep pue sisAjeue
2191dwoD) "¢ daig

‘uonsanb yoes 0) sesuodsal papIACId Yoea pue ‘'S31eLUNSS JIDY) PauUINIal s1iadxe ¢

"suUonONASU
UM Jayieboy ‘suadxe GT 01 (19ayspealds
]20X3 U Ul JIewd eIA) ASAINS 241 P18INDJID M

UOIIE}IDIT T pUNOY
1onpuo) ‘g dais

SUONSaNb ayy JO UOISSNDSIP pue $$2204d oY) JO uoneur|dxa
JoJ Bbuimone 'sinoy G'T JO polad e J9A0 22UaJ2JU0D O3PIA BIA Bunaaw uondadul ue pjay ap

‘PaJinbaJ UoISSNDSIP JO polad JOYS ay)

UDAIb "yoeoudde 1uaIdUs 1SOW BY3 PaJapISUOD
10U sem doysyiom uosiad-ul ue ‘panNgLisIp
Aeoiydeibosb Alepim asom syuedidnied ayy sy

punssw uondadul
ue PloH 7 deis

uoneydNe sy}
1oNpUoD 72 9beys

‘MSN Wolj ¢ pue
DIA WO Z ‘YA WO 7 PUB ‘S9jeWa) G pue Sajewl 4 papnoul bunedionied susdxs sulu Jo dnoub ay |

‘uonebaibbe jeuy ayy WOLL PIPNIOXD DISM T puNOy BUIMO)0)
1IN0 paddoip oym suadxa 1020104d By} Ul PaUNNO Sy "UONEYIDNS JO SPUNOJ L1Og Pa1a1dwod suadxa
6 pue ‘T punoy pa1e)dwod suadxe ¢T ‘@eddnied 01 uoneyAul ay) pardadde oym suadxa GT ayl JO

21edidiued 01 uoneyAul sy pardadde suadxa

GT pue 9)doad gz pPa10LIUOD DAN “SIUBULIOIUL A
JNO WO SUONEPUSWILIODRI JO pasuduwod Ajabie
‘yoeoidde parabiey e buisn suadxs pa1nIdal S

suadxe
243 oDy ¢z 2bess

uoisIoa

3jeuonel pue ssas0.d

dajs pue abeys

Guidance for estimating the benefits and costs of biodiversity offsets using expert elicitation 41



"UONDE UONBAIDSUOD D) JO 1JDUDQ oY) AQ ‘Sieak )z JoA0 UONDe Jusuabeuew e JO 150D 18101 9y bUIpIAIp
AQ /MOJa311eW DU} JOJ SUONDE 13S0 JO SSSUDAIDDYS 1SOD U 53558 0) 19ayspealds areiedss e pasn apn

“(UONDE B JO) IMOJaaNeW Jad §) 1Mojeeew
dUO Ul 3NSaJ O) paJinbal 1502 sy) uIkIgo Oy ‘pauleb
1Wausg oy Ag $1502 8y bulpiaip AQ 1Moo ew o)

SUONDE 19SHO JO SSBUDAIIDDLD-1SOD B3 POSSISSe I

S}9SHO WIOJUl
O} SSOUDAIIDDD-1SOD
S1ewnsy 9'¢ obeis

EEN
Jussald jlenuue sbelaae pue anjea uasald syl ‘(SIeaA 0g) UORUSAISIUI JO YIDbud) ay3 UO paseq uonde Jo
150D 1810} pUR ‘S1SOD |enuuUe ‘$3S0D dn-1eys 1iduiod 0) SeiNWIO) SUIRIUOD 19ayspealds Alewuins ay |

(G'¢ UOND3S 935 ‘S|ie1ap 1NJ 10J) (SIeaA 0Z) elensny
Ul UOZUOY 2w} 19SHO U JO Jeak yoea 1o} Aobaied
150D Y28 WU} SISOD Pasiu@)l JO NS ay) paljel 9

uonoe Jad $3sod 1810}
91eInoleD ¢'g 9beys

"POPIODDI UM
suonduinsse )y ‘(2 Xipuaddy 23s) 19ayspealds a1e/duis) aU) Ul |MOJSa)1ew J0) B1ep 150D pajiduod apn

¥'g UONOSS Ul paglidsap

SpoYIaWI BUISN ‘PaUIqUIOD JO PIPNIDUI JOU SI9M
/2J9M SISOD BWIOS JI Ajsn( 03 seyou buew
12ayspealds ayy ul 5192 a1endoidde syy ol
$22JN0S 3)dNNU W) $1S0D aY) palduiod SpA

suondwnsse

AJlISA pue syadxe
21dnNW ss0Jo. $1S0D
ayy NdwoD ¢'¢ abess

'9101550d 2J9UM S21BUIISS JoMO) pue Jaddn ay) Ul uoneleA siyy ainyded o) paydwisne am [ (papasu
2ouUa) Auadoud syl Jo Yyibua) syy padJaye a1is |ednayiodAy syy JO adeys ayy JO 101u0D Joyepald 10}
bunieg 080T 40 Aouanbaiy 4o Ayisusiul H°3) pasn sanbiuyda) dy10ads SSOIDe pue (seale 930WaJ Ul
51502 Jaybiy Ajpuedyiubis yim) sease 1ediydelbosb ssoioe Ajjenueisgqns paliea suonoe yuswsbeueuw
WIS JO SISOD) 1@ayspealds e 01Ul $92JN0S dINWI WOJ4 B1ep 150D a)eledas 2y} PapIOIa) I

‘buiuueld pue uoneuIpIood

‘BUlIoUOW ‘SpeaYISA0 uswdinba ‘s1asse
1e1ded 's21gewNSUOD INOgE) JOJ SISOD PasILUd)
P3123])102 AN ‘MOU 150D Jud1eAINDS ay) 103))a4 0)
$918J UONEBJUI UO paseq $1s0D paisnipe am ‘siaded
J9P)O WIOJS SBAM UONRWIOJUI USYAA "4niesai)

A6 pue paysignd wou) pue suadxs |enplaipul
UM SMBIAIDIUL YBNOJYY BIEP 1SOD P31D9)10D S\

uonde Yyoes JO S1S0D
S1ewnsy g'¢ obeis

(Auswabeuew
Auadoud pue paam jeiousb buiobuo ‘budual ‘9seydind aAIaSal |eRIUl DY) paPN]DUl el pa10210.d
e BUIYSI|ORISD J10J SHSE) "B'3) PIAJOAUI SHSEY Pajie1ap auy) pauldads am ‘Uonoe Juswabeuew yoes Jo

"SHSBY pUB SWUBYI 12NpPIAIPUL OYUI
9s3ay) JO yoea yealiq 01 1dwiane jeniul ue apewl
wiea) 109(oid ayy ‘uonoe Juswabeuew yoes IO

uonoe yoes
UIYYIM S)Se)y pajielap
Aj10ods T'¢ abeis

“(pUE] JO UORRIOISDI BAISSEd pue JusWabeuew aly 101U0D
2J0OAIQJBY JUsWabeueW X0} ‘Dulpaalq aARdeD 'eale Pa310310J4d e BUIysgeISa) 1MOJ311eW IO} SISSHO
WIIOJUI O} UONBHDNS 1adXa SU) Ul PRISPISUOD SUONDE JudWUsbeurw U} 10} BIEP SISO PAUIRIGO I

"S19dXD JUBADDJ WOUS
uoneuwloul buluielgo 1Mo ew 10) SUonoe
JusWabeuew JUJIaIP JO S1ISOD oyl pajlduod ap

suonoe
19S40 JO S1S0OD 2y
Bunewnsy o'¢ obeis

“(OLIPUSDS 18MIDRLIILNOD 3U) YIIM paiedwod spunow

IMOJ32)1eW |eUONIPRE '0) 1RNICRY JO UOND2104d WOJS 1S2)]eUUS 3Y) pue (OLIBUSDS |eN1DR1ISIUNOD
a1 YIIM paieduuod spunow |MoJsaljewl |euonippe /'9) buipaaiq aanded pue Juswabeuewd aJy
104UOD 2IOAIQIDY PUR XOJ JO UONRUIGUIOD 3U) WO pa1dadxa Sem 1uauaq 1sa1ealb sy 1elgey
IMOJBaYew Bunsixa 104 ‘abueyd 10U pIp pa12adxs 1auag ay) JO 9ZIS aU) JO SWIIS) Ul SUOIDe a3y}
JO Bupjuel 3y "AlUILLISDUN PIONPaJ 1RYMBSUIOS Pey PUNOS PUODSS aY) BUIMO) 0L SIINSaJ |eul ay |

“(SUONDE JO UONRUIQUIOD JO) UONDe Yyoes O)
2)gLeINgLNE SPUNOW 1MOJS3)12W DAIIDR |eUOhIpPe JO
JaguUNU Yy JO SUI) Ul SUORDE JUaJayIp JO 1Uauaq
A2y oy JO uosuedwod pue bujues pamo)e Siy |
"0lJeUaDS UONDE 19510 aY) WOJ) 1Jauaq Pa1euunsa
BU) SeM S21LLUNSD OM] 9S8U) USaMIS( 20UIaLIp
29U "0lIeUSDS |eMDRLISIUNOD DY) Liim paiedod
SeM O1IeUSDS UONDR 13S0 Yded J0) Suadxa

10 dnoub sy ssouoe ssanb 1saq, abelaae ay |

S1yaUaQ PaIRWINSS
asuewwing Gz abeys

uoisioaqg

9jeuoijel pue ssa20.d

da)s pue abeis

42



Case study 2. Night parrot

Background

The night parrot is a small (<100g), cryptic, nocturnal parrot endemic to the arid zone of Australia. Very few sightings
have been made in recent decades, and no breeding population was confirmed until 2013.

A sighting in 2005 in WA led to the first biodiversity offset for potential disturbance to night parrot habitat in the
Fortescue Marsh, and subsequent searches for the species. In 2013, there was another sighting (accompanied by
a photograph) of the night parrot, and a small population was located in remote Western Queensland. In 2017, the
species was found at separate sites in central and northern Western Australia, with further records from the site in
northern Western Australia made by the Paruku Indigenous Rangers in 2018. Since then the species has been
detected at a further three sites in northern Western Australia.

There is little known about the behaviour and habitat use of the night parrot. Recent research suggests that the
night parrot uses a mosaic of habitats including roost sites with persistent low, thick cover (e.g. spinifex hummocks)
located close to feeding grounds with specific seed-producing species.

The available information indicates that night parrots have undergone a precipitous decline (Murphy et al., 2018).
While the primary cause of the decline of the night parrot is still unclear, most ecologists agree that it was likely to
involve interaction of factors rather than a sole threatening process (Murphy et al,, 2018). Threats to the night parrot
are still not well known but include vegetation clearing, impacts of grazing, predation by cats and foxes and changed
fire regimes (Murphy et al., 2018).

- | Probable records since 1845 /q'\v_/
- - - ; Potential current range : ki
. g ; Historical range m
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e ¥d A% Ll - ey

Figure 2: Night parrot (Image: Steve Murphy) and distribution map for night parrots (Map: Nick Leseberg et al 2020)

Why are offsets difficult for night parrots

The night parrot has only recently been able to be studied. Suitable habitat occurs over a vast area in Australia’s arid
zone, which is a strong focus for various development activities (such as mining). There is limited data to reliably
inform the offset strategies.

Given the lack of available information, the current approach to biodiversity offsets for the night parrot is to provide
a monetary contribution towards a regional conservation initiative or research plan. Offsets from mining have funded
a national research plan for the night parrot (2014-2016) and surveys where it was re-discovered in Queensland.

The 2014 plan provides a useful framework to guide research for the recently re-discovered night parrot, and there
has been a substantial body of research that has been undertaken from 2014-2020. However, unless research is
incorporated into an adaptive management framework, it alone does not achieve a direct benefit for the night parrot,
and cannot counterbalance impacts. Threatening processes likely impact remaining habitat and potential offset

sites of the night parrot, making the development of offsets that directly benefit the species critical.
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Section 5. Implications and caveats

Biodiversity offsets must only occur after all previous steps in the mitigation hierarchy have been considered. The design
of better biodiversity offsets for threatened species will remain an ongoing challenge for policy makers, particularly for
species where the relative contribution of key threats are poorly known, or for which limited guality habitat remains.

A well-designed biodiversity offset is one that is based the principles of the IUCN policy, and incorporates:

« Current ecological knowledge (action plans, recovery plans, management plans, peer reviewed literature, where
available) and

»  Full consideration of cumulative impacts (geographically and over time).

Expert elicitation is not a perfect tool or solution for addressing issues with biodiversity offsets in Australia. This
approach does not replace the urgent need to undertake empirical studies to improve management. However, when a
decision is required despite scarce information, it can be a useful tool to underpin a ‘best guess’ of how a species may
respond to alternative offset actions. It is designed to be an improvement on unstructured, single-expert estimates of
offset benefit, which can be subject to strong bias.

Using a structured decision making process such as the IDEA protocol improves the quality of expert judgements by
drawing upon the knowledge of experts, and mitigating against the most pervasive sources of bias (Hemming et al.,
2017). However, the reliability of expert judgement will always depend on which experts participate and how questions
were asked (Hemming et al,, 2017).

A key challenge for threatened species conservation is assessing the relative importance of the various threats to
species and ecosystems, and consequently identifying the actions that will most effectively conserve those species
and ecosystems (Hauser et al., 2019). There is typically significant uncertainty about the relative level of different
threatening processes, and which conservation actions will be most beneficial for different species, for recovery
planning, management and in the design of biodiversity offset programs. Our case studies revealed very wide
credible intervals around estimates of most management actions, demonstrating that the uncertainty associated
with offset actions is likely to be very high.

The process proposed herein is very simplified, with elicitation relating to a site at a particular scale. This can be used
to estimate a per unit area/per unit effort response (for example), but careful judgement is required when extrapolating
this estimate to larger or smaller areas or management efforts.

Undertaking a costs elicitation in conjunction with the use of expert elicitation to derive information of the benefits of
different management actions is often worthwhile. We found that there was a high degree of variation of costs; for
many actions, we were unable to develop upper and lower estimates of costs reliably. The main source of uncertainty
was determining the most appropriate way of implementing an action for the hypothetical scenarios. The scenarios
were made vague intentionally to be able to capture variation in possible offset sites across a species range, but this
lead to uncertainty about the specific details of how an action would be best implemented (which often depends on
habitat condition, topography, local policies/regulations, etc), which in turn made it difficult to estimate accurate costs.

In some cases, decision making on biodiversity offsetting may be made on the basis of perceived benefits to
biodiversity, or cost-effectiveness. A costs elicitation can be undertaken with a small amount of additional effort (for
example, through a half-day workshop, or through remote elicitation with a subset of experts involved in benefits
elicitation) to complement discussions about offset benefits. For some management actions, it may be necessary to
contact subject matter experts about costs (for example, on ex-situ cane toad aversion training for northern quolls,
and captive breeding costs for target threatened species).

The methods we present here are relatively quick, inexpensive and repeatable ways to capture the current and best
available knowledge to inform decision making on biodiversity offsets. They can have an important role in
the development of biodiversity offsets that have better conservation outcomes for threatened species.
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Glossary

Averted loss: the estimated amount of expected future loss that is prevented due to the protection and maintenance
of habitat.

Averted loss offsets: secure the protection of a proposed offset site that is currently unprotected and would remain
unprotected if it were not for the offset, to prevent its loss in the future. Protection is generally achieved by a change
in tenure.

Benefit indicator: A measure of the kind of benefit a management action could deliver for a species. The benefit
indicator should be something that can be measured at the site level, it can easily be monitored using standard survey
methods, and that is highly likely to relate to the viability of the species or ecological community.

Biodiversity offset: a conservation tool that is designed to counterbalance losses in biodiversity in one place due to
development with equivalent benefits to biodiversity elsewhere.

Business as usual: Often abbreviated BAU, this is another name for the counterfactual scenario — the scenario under
which the offset-related management actions do not occur.

Controlled action: a proposed action that is likely to have a significant impact on a matter of national environmental
significance, such as a threatened species or threatened ecological community

Counterfactual scenario: the scenario (e.g. a biodiversity trajectory) expected to occur in the absence of some defined
action or set of actions (such as an impact and an offset), also known as 'business as usual’ ‘do nothing’ or ‘baseline’

the IDEA protocol: the ‘Investigate-Discuss-Estimate-Aggregate’ (IDEA) protocol, in which a structured expert elicitation
process is used to inform science

Maintenance offset: offsets involving threat abatement activities. The maintenance benefit is the difference between
the likely condition of the habitat if the threat abatement activity was not undertaken, and the current condition of the
site, which will be maintained.

Offset metric: type of units used in offsets calculations (eg counts or habitat index). Different metrics (also known as
currencies) are suitable for use in calculations of impacts and benefits (losses and gains) for different species-for some,
area x habitat condition indices are suitable proxies for benefit to a species; for others, population size or density may
be a more appropriate and direct way to measure losses and gains.

Offset mechanism: the enabling legal or financial means by which some biodiversity offsets are specified in condition
of development approval, such as a management plan, monetary contribution, or intention to protect/purchase land.

Mitigation hierarchy: The process by which environmental impacts from development are avoided, unavoidable
impacts are then minimised, and residual impacts are then offset.

No Net Loss: an outcome in which the total amount of some target biodiversity does not decline below the level
expected under some counterfactual (or without offset) scenario.

Restoration offset: offsets focused on improving the quality of habitat or an ecological community, such as by planting
native habitat species at a degraded site. The enhancement benefit is the difference between the current and future
condition of the vegetation for habitat.

Guidance for estimating the benefits and costs of biodiversity offsets using expert elicitation 51



Appendix 1: Benefits survey template (malleefowl)

Scenario One: Malleefowl habitat

The following seven (7) questions will ask you to estimate how malleefowl may respond to a range of management
scenarios.

We would like you to think of a site which contains malleefowl habitat. In 2018, there were 5 active mounds on site.
A number of potential threats to malleefowl exist on the site, including fox predation, vehicle strikes, impacts from
herbivores and inappropriate fire regimes.

There are of course a number of ways in which malleefowl responses to management may vary, so there is always
uncertainty. For the sake of this survey, we want you draw on your experience and knowledge and have a go at
every question.

If you wish, you can briefly describe a site containing malleefowl habitat that you are familiar with here, to help
ground your answers (e.g approximate location and size):

For the management scenarios we provide, we want you to assume ‘best practice’ management.

You have space at the end of every question to add any comments you wish to make, which will be shared with the
group for discussion before Round 2 of the survey.

Box Al: Worked example of four-step question format

Realistically, what do you think the lowest plausible number of active malleefowl
mounds will be in 20 years?

i Realistically, what do you think the highest plausible number of active malleefowl
mounds will be in 20 years?

i Realistically, what is your best guess for the number of active mounds in 20 years?

v How confident are you that your interval, from lowest to highest, could capture
the number of active mounds? Please enter a number between 50 and 100%

Please enter any comments, additional knowledge or justification that you have about the question
and/or your estimate. This will be shared with the group in Round 2.
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Question 1: Counterfactual scenario, malleefowl habitat

Background:

For this question, we would like you to think of a site which contains malleefowl habitat. In 2018 there were 5 active
mounds on site. Assume the existing site and regional pressures (e.g fox predation, vehicle strikes, impacts from
herbivores and typical fire regimes) remain in place, as does the current land use.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

How many active malleefowl mounds will be present at a site containing malleefowl habitat in 20 years, excluding any
additional impacts from mining, agriculture, road or urban development that may occur over the next 20 years?

Question 2: Protect existing habitat

Background:

Recall the site from Question 1, which contains malleefowl habitat and 5 active mounds in 2018. Assume the existing site
and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical fire regimes) remain in place.

In 2018, the site is placed under a permanent conservation covenant. General weed control and habitat maintenance
will occur as part of the covenant, but no malleefowl-specific management actions will be implemented.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

Assuming the site is placed under a permanent conservation covenant, how many active malleefowl mounds will be
present at a site containing malleefowl habitat in 20 years, excluding any additional impacts from mining, agriculture,
road or urban development that may occur over the next 20 years?

Question 3: Protect existing habitat + captive breeding

Background:

Recall the site from Question 1, which contains malleefowl habitat and 5 active mounds in 2018. Assume the existing site
and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical fire regimes) remain in place.

In 2018, the site is placed under a permanent conservation covenant in 2018. General weed control and habitat
maintenance will occur as part of the covenant, but no malleefowl-specific management actions will be implemented.

In 2018, 10 young adult malleefowl raised from a captive breeding program (5 male, 5 female) are introduced to the site.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

Assuming the site is placed under a permanent conservation covenant and 10 young adult malleefowl (5 male, 5
female) are introduced to the site, how many active malleefowl mounds will be present at a site containing malleefowl
habitat in 20 years, excluding any additional impacts from mining, agriculture, road or urban development that

may occur over the next 20 years?

Guidance for estimating the benefits and costs of biodiversity offsets using expert elicitation 53



Question 4: Fox control

Background:
Recall the site from Question 1, which contains malleefowl habitat and 5 active mounds in 2018. Assume the existing site
and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical fire regimes) remain in place.

In 2018, a standard fox control program is implemented on site and is continued for 20 years. No other malleefow!-
specific management actions are implemented.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

Assuming a standard fox control program is implemented on site and is continued for 20 years, how many active
malleefowl mounds will be present at a site containing malleefowl habitat in 20 years, excluding any additional
impacts from mining, agriculture, road or urban development that may occur over the next 20 years?

Question 5: Herbivore control

Background:

Recall the site from Question 1, which contains malleefowl habitat and 5 active mounds in 2018. Assume the existing site
and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical fire regimes) remain in place.

In 2018, a standard herbivore control program (i.e, removal of goats and sheep) is implemented on site and
continued for 20 years. No other malleefowl-specific management actions are implemented.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

Assuming a standard herbivore control program is implemented on site and is continued for 20 years, how many
active malleefowl mounds will be present at a site containing malleefow! habitat in 20 years, excluding any additional
impacts from mining, agriculture, road or urban development that may occur over the next 20 years?

Question 6: Fire management
Recall the site from Question 1, which contains malleefowl habitat and 5 active mounds in 2018. Assume the existing site
and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical fire regimes) remain in place.

In 2018, a fire management program is implemented on site and is continued for 20 years. No other malleefowl-
specific management actions are implemented.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

Assuming a fire management program is implemented on site and is continued for 20 years, how many active
malleefowl mounds will be present at a site containing malleefowl habitat in 20 years, excluding any additional
impacts from mining, agriculture, road or urban development that may occur over the next 20 years?
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Question 7: Combined fire, herbivore and fox control.

Recall the site from Question 1, which contains malleefowl habitat and 5 active mounds in 2018. Assume the existing site
and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical fire regimes) remain in place.

In 2018, a combined fire, herbivore (i.e, removal of goats and sheep) and fox management program is implemented
on site and is continued for 20 years. No other malleefowl-specific management actions are implemented.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

Assuming a combined fire, herbivore and fox management program is implemented on site and is continued for
20 years, how many active malleefowl mounds will be present at a site containing malleefowl habitat in 20 years,
excluding any additional impacts from mining, agriculture, road or urban development that may occur over the
next 20 years?

Question 8: Combined fire, herbivore and fox control + captive breeding

Background

Recall the site from Question 1, which contains malleefowl habitat and 5 active mounds in 2018. Assume the existing site
and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical fire regimes) remain in place.

In 2018, a combined fire, herbivore (i.e, removal of goats and sheep) and fox management program is implemented
on site and is continued for 20 years.

In 2018, 10 young adult malleefowl raised from a captive breeding program (5 male, 5 female) are introduced to the site.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

Assuming a combined fire, herbivore and fox management program is implemented on site and is continued for
20 years, and 10 young adult malleefowl (5 male, 5 female) are introduced to the site, how many active malleefowl
mounds will be present at a site containing malleefowl habitat in 20 years, excluding any additional impacts from
mining, agriculture, road or urban development that may occur over the next 20 years?
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Scenario Two: Degraded cropping land
The following three (3) questions will ask you to estimate how malleefowl may respond to a range of management

scenarios.

We would like you to think of a site which is currently degraded cropping land. The site was completely cleared

50 years ago, and is adjacent to malleefowl habitat. In 2018 there were O active mounds on site. A number of
potential threats to malleefowl exist on the site, including fox predation, vehicle strikes, impacts from herbivores and
inappropriate fire regimes.

There are of course a number of ways in which malleefowl responses to management may vary, so there is always
uncertainty. For the sake of this survey, we want you draw on your experience and knowledge and have a go at
every question.

If you wish, you can briefly describe a site which is currently degraded cropping land that you are familiar with here,
to help ground your answers (e.g approximate location and size):

For the management scenarios we provide, we want you to assume ‘best practice’ management.

You have space at the end of every question to add any comments you wish to make, which will be shared with
the group for discussion before Round 2 of the survey.

Question 9: Counterfactual scenario, degraded cropping land

Background:

For this question, we would like you to think of a site which is currently degraded cropping land. The site was
completely cleared 50 years ago, and is adjacent to malleefowl habitat. In 2018 there were O active mounds on site.
Assume the existing site and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical
fire regimes) remain in place, and cropping continues for the next 20 years.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

How many active malleefowl mounds will be present at a site containing degraded cropping land in in 20 years,
excluding any additional impacts from mining, agriculture, road or urban development over the next 20 years?
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Question 10: Restore degraded farmland

Background

Recall the site from Question 9, which contains degraded cropping land and zero active mounds in 2018. Assume the
existing site and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical fire regimes)
remain in place.

In 2018 cropping will cease, and the site will be allowed to restore to its original habitat. No other malleefowl-specific
management actions are implemented.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

Assuming this site is allowed to restore to its original habitat, how many active malleefowl mounds would be present
in 20 years, excluding any impacts from mining, road or urban development over the next 20 years?

Question 11: Restore degraded farmland + combined fire, herbivore and fox control

Background

Recall the site from Question 9, which contains degraded cropping land and zero active mounds in 2018. Assume the
existing site and regional pressures (e.g fox predation, vehicle strikes, impacts from herbivores and typical fire regimes)
remain in place.

In 2018 cropping will cease, and the site will be allowed to restore to its original habitat.

In 2018, a combined fire, herbivore (i.e, removal of goats and sheep) and fox management program is implemented
on site and is continued for 20 years.

We want you to ignore the possibility of any additional human development (mining, infrastructure, large-scale
agriculture) requiring approval under the EPBC Act 1999 that may occur in the site vicinity over the next 20 years.

For reference, an "active mound” is one which is likely have been used as an incubator in October.

Assume that it will be an average, non-drought year in 20 years.

Question:

Assuming this site is allowed to restore to its original habitat, and a combined fire, herbivore and fox management
program is implemented on site and is continued for 20 years, how many active malleefow!l mounds would be
present in 20 years, excluding any impacts from mining, road or urban development over the next 20 years?
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