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Glossary

Y DEFINITION

Archetype model Archetype models in the AusEcoModels framework (Richards et al. 2020) describe the
endogenous disturbance (reference) dynamics and ecosystem expressions that characterise
systems with ecosystem integrity. These dynamics include those driven by Indigenous land
management. The models provide a conceptual guide for description of reference and modified
states in state and transition models.

Biodiversity persistence Biodiversity persistence refers to the continued survival and health of species, ecosystems, or
other biodiversity elements over time. In ecological terms, it is a measure of the likelihood that
the elements making up biodiversity (e.g. species) will continue to exist without significant loss
or decline, both now and into the foreseeable future.

Causal chain All management interventions, abiotic conditions and biotic processes required for the
transition from one ecosystem state to another. Unique causal chains are developed for each
plausible transition between two ecosystem states.

Drivers Any abiotic, biotic or land and water management variables that may cause (or influence the
rate of) a transition.

Ecological Knowledge System The EKS is a partnership between CSIRO and the Australian Government to establish a
(EKS) transparent and authoritative source of information and biodiversity assessment capability for
the Nature Repair Market.

Ecosystem condition Represents the capacity of an area to provide the structures and functions necessary for the
persistence of all native species naturally expected to occur in that area if it were in an intact (or
reference) state and is calculated using departure from a reference state.

Ecosystem condition is a measure of ecosystem integrity which reflects the level of intactness,
completeness and integration in the structure, composition and function of an ecosystem with
respect to the persistence of biodiversity. Ecosystem condition scores range from 0.0
(ecosystem integrity extinguished) to a maximum of 1.0 (ecosystem integrity in reference
condition). The Habitat Condition Assessment System (HCAS) is used in the state and transition
models to link ecosystem states to ecosystem condition scores (see Section 4.3).

Ecosystem state The observed ecosystem (including its structure, function and composition) at a particular point
in space and time. An ‘ecosystem state’ represents a conceptual partitioning of the most
common forms that an ecosystem takes across a landscape. Ecosystem states may be reference
states or modified states.

Ecosystem type An ecosystem type reflects a distinct set of abiotic and biotic components and their interactions.
In the AusEcoModels Framework an ecosystem type is a unit of an ecosystem classification
defined by the ecosystem characteristics (for example, facets of structure, function,
composition) that characterise the reference state (archetype model) for a given scale of
organisation, and defined by its discrete disturbance and recovery dynamic (Richards et al.
2020; Kay 1991).

Endogenous disturbances A disturbance internal to an ecosystem that maintains ecological integrity and to which
Australian ecosystems are adapted. They include fire, drought, floods, cyclones, storms, erosive
and depositional processes, heatwaves, cold snaps, chemical intrusion and biotic outbreaks.
They may be driven by anthropogenic (e.g. cultural fire management) or non-anthropogenic
(climate) processes.

Exogenous disturbances A disturbance external to an ecosystem that can trigger transitions from the reference to
modified states by transforming transient disturbances into persistent disturbances (e.g.
switching from macropod grazing regimes to continuous cattle grazing), introducing new
disturbances that result in chronic stress on an ecosystem (e.g. habitat fragmentation from land
clearing) or suppressing important disturbance events (e.g. fire suppression near urban areas)
(Suding and Hobbs 2009). These disturbances can be threatening processes, resulting in loss of
biological diversity and homogenisation of ecosystems or management interventions which
attempt to restore elements of ecosystem integrity.

Management actions Deliberate action undertaken by people to alter aspects of an ecosystem, often resulting in the
transition from one ecosystem state to another. One or more management actions may be part
of an exogenous disturbance.
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Y DEFINITION

Modified state An ecosystem state that is not in reference condition due to exogenous disturbances. A
modified ecosystem state can be assigned an ecosystem condition score representing its
integrity relative to the reference state (i.e. ecosystem condition < 1.0).

National Biodiversity The National Biodiversity Assessment System provides a nationally consistent approach to
Assessment System forecasting expected biodiversity benefits of a given project, and the cumulative benefit of a
(NBAS) diverse array of actions that could be implemented locally within Nature Repair projects.
Reference state The dynamic state of an ecosystem that has the highest ecosystem integrity and is in pre-1750

reference condition (ecosystem condition score of 1.0). Archetype models are used as templates
for the description of a reference state for a particular ecosystem type.

State and transition models Conceptual tool that describes the state of a particular ecosystem (which may vary, for example,

(STMs) from reference to degraded, in terms of ecosystem integrity), and the drivers or agents that
cause transitions between states. Transitions between states occur as a result of the
introduction of new exogenous disturbance regimes, the transformation of transient
disturbances into persistent disturbances, and/or changes to reference disturbance regimes
(resulting in a shift to an exogenous disturbance), altering environmental conditions and
resources available to constituent species. These changes may be directly caused by recent
anthropogenic modification of local habitats (e.g. vegetation thinning or clearing, stock grazing,
introduction of native or alien invasive species), or may result from recent and rapid climate
change (i.e. an indirect anthropogenic driver). STMs can be produced at varying levels of
resolution e.g. NRM region or bioregion, down to property-scale.

Threats Process(s) or activity(s) that impacts the survival, abundance or evolutionary development of a
native species or condition of an ecosystem.

Transitions Describe the pathway through which an ecosystem may pass from one state to another.
Transitions are difficult to reverse without application of intensive management, an extreme
event or long timeframe, and are distinguished from pathways between different ecosystem
expressions within a state, which often result from slow-acting but incremental successional
processes (Rumpff et al. 2011).

A transition timeframe is the time over which a transition between ecosystem states could
occur and, given this timeframe, may include an estimate of the likelihood of that transition.

Umbrella class Group of archetype models in the AusEcoModels Framework (Richards et al. 2020) that is
compatible with Major Vegetation Groups in the National Vegetation Information System (NVIS)
(NVIS Technical Working Group 2017).

Acronyms

ACRONYM DEFINITION

BAI Biodiversity Assessment Instrument

CER Clean Energy Regulator

EKS Ecological Knowledge System

HCAS Habitat Condition Assessment System

NBAS National Biodiversity Assessment System

NVIS National Vegetation Information System

PLANR Platform for Land and Nature Repair

STM State and Transition Model

VAST Vegetation Assets, States and Transitions framework
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Executive Summary

The Ecological Knowledge System (EKS) is a partnership between CSIRO and the Department of
Climate Change, Energy, the Environment and Water (DCCEEW) to establish a transparent and
authoritative source of information and biodiversity assessment capability for the Nature Repair
Market. Trust in environmental information will be essential for the integrity and success of the
market.

The information delivered by the EKS will support market integrity and reduce barriers to
participation by making it easier for market participants to access robust and regionally relevant
information. This information will support project planning and help participants compare the
potential biodiversity benefits of different projects. It will also assist the Clean Energy Regulator
(CER) in their functions as the market regulator.

The EKS has two main technical components that are described in this report:

e ecosystem models (i.e. state and transition models), and

e the National Biodiversity Assessment System (NBAS).

State and transition models (STMs) are used in the EKS to synthesise knowledge about the
dynamics, management, and restoration of ecosystems from a diverse range of sources including
from regional experts (e.g. on-ground land managers, ecologists). STMs describe ecosystem states
which may vary from reference to degraded in terms of ecosystem condition. They also describe
the management actions that are required to improve ecosystem integrity given a starting
ecosystem state and condition.

The NBAS provides a nationally consistent approach to forecasting the expected biodiversity
benefits of a given project. It integrates information from the STMs, national spatial datasets and
on-ground project data. The NBAS assesses and reports the potential change in biodiversity
persistence that a proposed project may achieve. This change in biodiversity persistence is
assessed as a function of the change in ecosystem condition expected at project level, the
contribution of the project to enhancing connectivity across the broader landscape, and the
conservation significance of the ecosystem type.

For market opening in 2025, the EKS will be focused on providing ecosystem information and
functions that support the market's first method. The EKS will be gradually expanded to increase
coverage across Australia and updated as needed to support additional methods. Updated
versions of the EKS will be periodically released as part of a structured program of continuous
improvement. Key areas of future development include considering how to incorporate
information about likely futures under climate change, and how the approaches used in the EKS
can be adapted and applied in coastal and marine systems. CSIRO and DCCEEW are also continuing
work with First Nations people to co-design a framework that appropriately considers the
interaction of Indigenous knowledge and values with the EKS.

An EKS governance framework establishes clear principles and policies to guide the
implementation of the EKS and the process of continuous improvement.
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1 Context

The Nature Repair Act 2023 (the Act) came into effect on 15 December 2023 establishing a
framework for a world-first legislated, national, voluntary biodiversity market. The Act provides
legislated rules to support transparency and integrity and to foster collaborative efforts to address
environmental decline. Work is underway for the market to open in 2025. This includes work to
develop biodiversity assessment instruments and methods. Methods set out how Nature Repair
Market projects are to be carried out. Biodiversity assessment instruments (BAls) support
consistency in how projects describe biodiversity improvements.

To support the market, CSIRO was engaged by DCCEEW to lead development of the Ecological
Knowledge System (EKS).

The EKS aims to:

e establish a trusted, transparent and authoritative source of information and biodiversity
assessment capability for the Nature Repair Market, and

e support market integrity and reduce barriers to participation by making it easier for market
participants to access the ecological information needed to inform nature repair projects
that deliver genuine biodiversity benefits.

The EKS has been designed to support a range of potential methods and to enable continuous
improvement as the market scheme evolves, knowledge improves and technology changes over
time. The initial design and pilot phase is nearing completion and has involved testing in two
regions: the Burnett-Mary NRM region in Queensland and the North Central Catchment
Management Authority region in Victoria. National implementation will occur over several years
building on the learnings from the pilot phase and responding to the requirements of the market.
For market opening, the EKS will be adapted, if needed, to support the first Nature Repair Market
method, when it is finalised.

The intent of this report is to provide sufficient technical information to allow interested parties to
understand and provide feedback on the proposed approach to the EKS and how it supports
implementation of methods and of the biodiversity assessment instrument. A report with the full
technical details, data inputs, workflows and outputs will be released in the future.

1.1 EKS purpose

The information delivered by the EKS is designed to:
e help proponents design projects that meet scheme requirements (e.g. requirements of the
relevant method) and assess the potential benefits of their project for biodiversity,
e help buyers compare and have confidence in the benefits of the projects,

e assist the Clean Energy Regulator (CER) in their functions as the regulator (e.g. assessment
of project applications), and

e inform development of methods and BAls.

The Ecological Knowledge System (EKS) for the Nature Repair Market | 1



The EKS will provide scheme users and the CER with information about:
e the status of biodiversity in a proposed project area (e.g. desktop mapping of ecosystem
type and ecosystem condition that can be subsequently verified with data from a site visit),

e what management actions are needed to enhance biodiversity (given the ecosystem type
and starting condition in a project area),

e the biodiversity benefit that may be expected from implementing management actions,
and

e the likelihood of these biodiversity benefits being achieved over specific timeframes.
In some cases, use of the EKS may be required by a method. For example, the detailed outline of
the proposed Replanting Native Forest and Woodland Ecosystems method specifies that the
National Biodiversity Assessment System (NBAS), a key component of the EKS, must be used to

forecast the expected benefits of a project for biodiversity. In other cases, proponents may choose
to use the EKS as one source of evidence and guidance to plan projects.

1.2 Scope of the EKS

The EKS has two main technical components that are summarised in this report:

e ecosystem models (i.e. state and transition models, STMs), and

e the National Biodiversity Assessment System (NBAS).

Other work is considering how the EKS can be improved and expanded following market opening
and includes:

e aco-designed framework for interaction of the EKS with First Nations knowledge, values
and data (see Section 1.4),

e how to incorporate information about likely futures for biodiversity and ecosystems under
climate change, and

e if the approaches used in the EKS, currently designed for terrestrial ecosystems, can be
adapted and applied in coastal and marine systems.

At market opening, we expect EKS information to be available for priority ecosystem types in
regions proposed to be eligible under the first method. That is, eligible regions currently proposed
in the detailed outline of the proposed Replanting Native Forest and Woodland Ecosystems
method. Proponents and the CER will be able to access the EKS through the Platform for Land and
Nature Repair (PLANR) tool (see Figure 1 and Box 1).
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Figure 1 How information is expected to flow from the EKS through the online planning tool PLANR to project
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After market opening, it is intended that:

The EKS will be gradually expanded to increase coverage across Australia.

Updated versions of the EKS will be periodically released as part of a program of
continuous improvement, supported by a governance framework (Section 1.3). This will be
required to ensure the EKS can support additional methods, respond to evaluation and
feedback and incorporate new data and knowledge as it becomes available.
Improvements to the information infrastructure will be considered and designed to be
adaptable and capable of handling increasing data volumes and complexity as the market
evolves and new methods are developed.
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Box 1. Platform for Land and Nature Repair (PLANR — https://planr.gov.au/)

DCCEEW's Platform for Land and Nature Repair (PLANR) serves as a gateway for landholders
to access biodiversity and carbon service markets. It provides tools to plan, apply, and cost
projects effectively, along with assessments of current assets and future biodiversity benefits,
with a focus on Nature Repair Market projects. PLANR also facilitates connections between
buyers and sellers, helping market participants engage more easily in environmental markets
and generate income from their conservation efforts.

When the market opens, PLANR will provide the web interface for the National Biodiversity
Assessment System (NBAS) and provide access to the ecosystem models and other data
developed through the Ecological Knowledge System (EKS).

The integration of EKS products with PLANR will allow users to produce paddock-level insights
on current biodiversity assets and forecast biodiversity benefits from proposed biodiversity
projects (Figure 2). This function will initially focus on project types eligible under the first
Nature Repair Market method.

Figure 2 An example of a proposed project area (white dotted line) and activity areas (coloured shapes 1 and
2) that could be identified in PLANR as part of planning a biodiversity project.
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1.3 EKS governance framework

A trusted, transparent and authoritative EKS requires a robust governance framework. The EKS
governance framework establishes clear principles and policies to guide the implementation of the
EKS and ongoing improvements. The governance framework is intended to be adaptable to market
changes, scientific or technological advancements, changing governance structures, and to
changes in the way that the EKS is delivered over time.

The EKS governance framework is founded on the core principles of transparency, integrity,
reliability, consistency, and sustainability; these principles are implemented directly in a range of
ways (examples in Figure 3).

The details of processes and procedures that have been established at market commencement to
ensure compliance with governance principles and policies will be included in the technical
documentation for the key EKS components. These governance procedures provide a template for
future operations including contributions to the EKS by third parties. The governance framework
will also respond to the needs of the First Nations framework once it is developed (see

Section 1.4).

The EKS governance framework will:

e continue to develop and refine a range of policies and procedures that will ensure reliable
supply chains of data and information, transparent probity management, and mechanisms
for ongoing updates and improvements

e define the roles and responsibilities of core governance bodies in overseeing the EKS
functions, including those providing advice and recommendations and those ultimately
responsible and accountable for its proper operation (e.g. Nature Repair Committee, Clean
Energy Regulator, DCCEEW)

e provide general guidance regarding key ethical considerations, including policies for data
collection and sharing

e outline best practices for the review and incorporation of third-party contributions (e.g.,
state and transition models contributed by third-parties) to the EKS

e identify limitations of information generated by the EKS and the resulting risks for market
operations, such as output uncertainty, reproducibility, and inter-operability.
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The EKS will maintain the highest
standards of scientific and ethical
integrity in all of its activities

e.g. Obtaining informed consent from experts
prior to STM elicitation, protecting the
privacy of experts, and establishing
processes to identify and manage conflicts

of interest during peer reivew.

Transparency

Wherever possible, all data,
methods, and models used and
produced by the EKS will be

documented and accessible to

stakeholders PRINCIPLES OF THE
ECOLOGICAL KNOWLEDGE

e.g. STM and NBAS methods, code, and
results to be published on public repositories;
accessible documentation of EKS data,
method, and software updates, improvement
and versioning.

Consistency

Analyses and outputs will be based
on clear and documented decisions
and methods, allowing for
independent verification and
application

e.g. Using standardised definitions and

formats; Accessible decision registers

documenting outcomes of STM expert
elicitation, regional prioritisation, and peer-

Sustainability

The EKS will be designed to
ensure its long-term viability,
adaptability, and

sustainability.

e.g. Regularly updating the EKS to meet the
evolving needs of the Market; including
procedures to incorporate feedback and
advice for ongoing improvements

Reliability

The EKS will provide data and
o information that is reliable,
trustworthy, and of the highest

possible quality

e.g. Independent verification and peer review
of methods, models and results; Creation and
use of an EKS Data Assessment Framework
to evaluate the quality, completeness and
reliability of inputs.

review.

Figure 3 Definitions of the core principles of the Ecological Knowledge System (EKS) and examples of how they are
incorporated into the procedures specific to the National Biodiversity Assessment System (NBAS) and state and
transition models (STMs).

1.4 First Nations knowledge, values and data

One of the biodiversity integrity standards in the Act sets out a requirement for consistency with
relevant Indigenous knowledge and values. In line with this, ongoing work is exploring how
Indigenous knowledge and values could appropriately interact with the EKS. A process is currently
underway for the co-design of a framework to guide this interaction. This process recognises the
importance of Indigenous data sovereignty, supporting Indigenous leadership and enabling
appropriate governance systems to lead the co-design. Funding and resourcing have been
committed to support an Indigenous advisory group to lead the co-design process which is
underpinned by a commitment to the principles of free, prior and informed consent at each stage
of engagement and communication.

The timeframe for delivery of the framework is mid-2025. It is anticipated that the outputs of the
co-design process will guide subsequent activities regarding the interaction of Indigenous
ecological knowledge and data with the Nature Repair Market scheme.

6 | The Ecological Knowledge System (EKS) for the Nature Repair Market



2 Ecosystem models

2.1 Purpose

Nature repair, including the restoration or reconstruction of ecosystems and the reversal or
slowing of biodiversity loss, requires a framework with measurable and time-bound goals and
science-backed approaches to achieve goals. Understanding and describing the current ecosystem
state and condition and the steps required to restore structure, function, and composition
towards a target state is key to the development of a project plan that can deliver genuine
biodiversity benefits (Standards Reference Group SERA 2016).

State and transition models (STMs) are used in the EKS to synthesise knowledge of the dynamics,
management, and restoration of ecosystems. STMs are conceptual tools that describe the state of
a particular ecosystem (which may vary, for example, from reference to degraded, in terms of
ecosystem integrity), and the drivers or agents that cause transitions between states (Westoby et
al. 1989; Stringham et al. 2003; Bestelmeyer et al. 2017).

STMs are a useful and intuitive modelling framework because they account for the tendency of
ecosystems to respond to drivers differently depending on the starting ecosystem state. These
state-dependent trajectories are generally already, either unconsciously or consciously, factored
into management decisions and recovery planning and so the process of explicitly collating these
predictions can help in the implementation of adaptive management.

STMs are able to capture regionally-relevant expert knowledge in a consistent way as well as being
able to synthesise diverse forms of other data and information, including observational
information, empirical datasets from monitoring, and remote sensing products. This synthesis of
multiple lines of evidence can provide greater confidence in outcomes while also capturing
uncertainty where evidence is lacking. This is advantageous in areas where data availability is
sparse or where novel and relatively untested restoration approaches might be applied.

2.2 Classifying ecosystem states

To develop STMs in a consistent and reproducible way, a hierarchical approach is needed (Good et
al. 2024). This allows for the grouping of similar ecosystems which can be described according to
their shared dynamics and responses to disturbance. The Australian Ecosystem Models
(AusEcoModels) Framework (Richards et al. 2020) is a nationally consistent framework from which
management-focused STMs can be developed. The AusEcoModels Framework contains conceptual
models (termed ‘archetype’ models) describing the reference ecosystem dynamics of 14 broad
terrestrial ecosystem types (umbrella classes) across Australia (Figure 4). The 46 archetype models
are based on a synthesis of ecological science and land management expertise (for examples see
Prober et al. (2023a); Prober et al. (2023b); Roxburgh et al. (2023)).

Ecosystem dynamics within archetype models are driven by endogenous disturbances that may be
a result of anthropogenic (e.g. cultural fire management) or non-anthropogenic processes to
which Australian ecosystems have adapted over evolutionary timeframes. Several archetype
models within each umbrella class describe the variable characteristics and drivers of change in
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ecosystems that display ecological integrity. The 14 umbrella classes can be aligned with different
vegetation (e.g. the National Vegetation Information System (NVIS, see Section 4.2; NVIS Technical
Working Group (2017)) and ecosystem classification schemes (e.g. Keith et al. 2022) allowing for
comparisons with state, national and global approaches to ecosystem and vegetation
classification.

Vegetation Umbrella Class

[ Acacia Forests, Woodlands and Shrublands
- Callitris Forests and Woodlands

Il Casuarina Forests and Woodlands

|: Chenopod Shrublands

I:I Eucalypt Forests

|: Eucalypt Woodlands

[ THummock grasslands

- Mallee Woodlands and Shrublands

Bl Mangroves and Saltmarsh

- Melaleuca Forests, Woodlands and Shrublands
- Other ]
- Rainforests and Vine Thickets
- Sedgelands and Rushlands
I shrublands

Tussock grasslands

Figure 4 AusEcoModels archetype models are grouped in 14 umbrella classes

The naming of these classes has been derived from the National Vegetation Information System (NVIS). Within each
umbrella class, ecosystems are grouped by similarities in their disturbance and biomass recovery dynamics, regardless
of their climatic and edaphic distributions.

The development of management-focused STMs involves first describing a set of common
‘modified states’ (in terms of how they differ from the reference state). This involves using
information from the national set of archetype models in the AusEcoModels Framework to
describe a dynamic reference state for a relevant ecosystem type at a regional scale. Importantly,
the archetype models provide information on ecosystem responses to disturbances to which
ecosystems have adapted over evolutionary timeframes. Ecosystem responses to contemporary
exogenous disturbances (e.g. livestock grazing), often mimic the archetype, and thus these models
provide a template from which information about ecosystem responses to new disturbances
(including restoration activities) can be surmised.

It is important to note that the reference state in STMs developed for the EKS may not be a target
state for restoration and, in fact, may not be achievable in the short-medium term and given rapid
climate change (Higgs et al. 2014; Jackson and Hobbs 2009). Considering impacts of climate
change and other irreversible changes to a site, an ‘adjusted reference’ may be appropriate in
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some circumstances. An adjusted reference ecosystem must still represent the condition of an
ecosystem that can maintain the highest level of ecological integrity, stability and resilience. For
example, it may represent a different native ecosystem or native system analogue with ecological
integrity that is more appropriate given any irreversible changes to the site or other risk factors.

2.3 Aligning ecosystem states with condition

In order to link ecosystem states described in the STMs to an index of ecosystem condition
(required for estimating biodiversity benefits in the NBAS), we aligned ecosystem state
descriptions with the Vegetation Assets, States, and Transitions (VAST) narrative framework (Table
1, Thackway and Lesslie (2006, 2008)). In a previous study, expert elicitation was used to assign
condition scores based on the Habitat Condition Assessment System (HCAS — see Section 4.3) to
each VAST category (Williams et al. 2023; Giljohann et al. 2024).

Table 1 VAST classes, VAST narrative for each class based on regenerative capacity (Thackway and Lesslie 2006) and
condition range for each class based on HCAS condition scores with 1.0 for an ecosystem that has integrity and a
score of 0 for an ecosystem that is completely extinguished.

Taken from Giljohann et al. (2024)

VAST CATEGORY VAST DESCRIPTION OF CURRENT REGENERATIVE CAPACITY CONDITION SCORE RANGE
Class 0: Residual Bare Natural regenerative capacity unmodified— ephemeralsand  NA*
lower plants
Class I: Residual Natural regenerative capacity unmodified 0.75-1.0
Class II: Modified Natural regeneration tolerates or endures under pastand or  0.51-0.75

current land management practices

Class IlI: Transformed Natural regenerative capacity limited or at risk under past 0.30-0.51
and or current land use or land management practices.
Rehabilitation and restoration possible through modified
land management practice

Class IV: Replaced - Adventive Regeneration of native vegetation community has been 0.16-0.30
suppressed by ongoing disturbances of the natural
regenerative capacity; limited potential for regeneration
without active intervention

Class V: Replaced - Managed Regeneration of native vegetation community lost or 0.07-0.16
suppressed by intensive land management; limited
potential for regeneration without active intervention

Class VI: Removed Native vegetation community removed 0.0-0.07

*Class not used in STM template; NA = not applicable

The modified states template (Figure 5) includes all combinations of overstorey and understorey
modification, nested within 5 of the 6 VAST classes. Experts use the template as a starting point
for describing which modified states occur most commonly in the region of interest. An
ecosystem-specific description of each modified state is then elicited. Once each modified
ecosystem state in the focus region has been assigned to a corresponding VAST class, it adopts the
central condition score (or range) of that class (Table 1). An example of the elicited modified states
and transitions for Rainforest and Vine Thicket ecosystems in the Burnett-Mary region in
Queensland is shown in Figure 6.
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Reference (or close to)
overstorey

Reference

Regenerating

Mature (hollow bearing) overstorey
absent or scattered, canopy species [+-
understorey) regenerating/replanted.

Removed overstorey

Mature overstorey removed (can include
scattered ‘paddock trees’)

CLASS II: Modified

Modified under

Shrubs and groundlayer lower
cover and diversity than ref

Highly modified under
Shrubs mostly removed,
groundlayer sparse and/or exotic,
elevated soil nutrients and/or
degraded soil structure

Class II: Modified

Reference under
Groundlayer well developed and
diverse, soil intact or close to.

Modified under
Groundlayer with lower cover and
diversity (+/- weeds). Soil may have
elevated nutrients

CLASS lI: Modified

Reference under

Groundlayer well developed and
diverse. Soils intact or close to.

Collapsed overstarey

Qverstorey and/or shrubs dead or dying
due to stress, degradation, competition,
pests or disease.

Class Ill: Transformed

Collapsed or novel
under

Groundlayer completely bare of
dominated by transformer weeds or
novel assemblage. Soils highly
degraded.

Class llI: Transformed

Highly modified under
Groundlayer sparse and/or exotic,
elevated soil nutrients and/or
degraded soil structure

Collapsed or novel
under

Groundlayer completely bare of
dominated by transformer weeds or
novel assemblage. Soils highly
degraded.

Class IlI: Transformed

Modified under

Groundlayer with lower cover and
diversity (+/- weeds). Soil may have
elevated nutrients

Highly modified
under

Groundlayer sparse and/or exotic,
elevated soil nutrients and/or
degraded soil structure

Class IV: Replaced - ad

Collapsed or novel
Groundlayer completely bare or
dominated by transformer weeds
or novel assemblage (soils highly

degraded)

Figure 5 Template of reference and modified states in forest and woodland ecosystems based on the VAST classes.

Class Ill: Transformed

Reference under

No midstorey, groundlayer well
developed and diverse. Soils intact
or close to.

Modified under
Groundlayer with lower cover and
diversity (+/- weeds). Soil may have

elevated nutrients.

Class IV: Replaced - ad

Highly modified

under
Highly depleted herbaceous layer,
exotic species dominate, degraded
soil structure and altered nutrients.

Collapsed or novel
Groundlayer completely bare or
dominated by transformer weeds
or novel assemblage (soils highly
degraded)

VAST, ‘Replaced — man’ refers to the ‘Replaced — managed’ class in VAST. ‘under’ refers to ‘understorey’.
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mature vegetation

A A
Reference Introduction of woody exotics Increased livestock
or vines and/or feral animals
Weed Increased
management livestock or feral
Exclude livestock animal pressure Class Il Cropping or
and feral animals Edge effects Class i 2 cultivation of
—— Highly modified Class IV woody non-
. T
— overstorey, modified L‘Z:gzgc;ecies
rainrorest wi
i € understorey Collapsed overstorey
CLASS I modified understorey with highly modified
Weed Weed control Increased T
) . anasement 4 Exclude feral | | lvestockor ey
Rainforest with g . animals and feral animal
dified d t Exclude livestock Weed . ressure
modiried unders orey and feral animals management esInek P
Manage edge Highly modified
Weed Increased effects
management livestock or Limit overstorey and c . .
Exclude feral animal competition understnrey ropping and sown
livestock and press_ure and IneTeeses) (Fesies s Manage live.stock pastures
feral animals edge impacts or feral animal and feral animals Canopy
Removal of .
pressure and edge 4 mortality or Cultivated wood
. . . ; woo
Rainforest with highly J} impacts Y, o removal y
modified understorey revegetation Remove
Canopy cultivated
disturbance + canopy
Class Il vines and
woody
X ti Towns, roads,
Regenerating erotes inf t, o ’
Vegetati rainforest with highly £ HITEESEUCEUrS
egetation removal ghly
followed by modified understorey Revegetation all strata
revegetation Soil nutrient addition

Figure 6 Draft graphic representation of the state and transition model (STM) developed for rainforest and vine thicket ecosystems in the Burnett Mary region, Queensland.
Currently in peer review.
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2.4

Describing and quantifying transitions between states

Once modified and reference ecosystem states have been described and agreed upon, transitions
between pairs of states are comprehensively assessed and described by first determining which

direct transitions are plausible and then creating unique causal chains that describe:

2.5

the drivers of transition, including management interventions, biotic processes and abiotic
conditions required for the transition to occur,

measurable indicators of a transition are also noted and include the expected direction of
change (for example ‘increased density of eucalypt saplings’),

specific hazards that might slow or prevent the transition or specific conditions required
(e.g. above average rainfall), including the consideration of recent climate trends, and

the probability of transition (given drivers and hazards) at different points in time.

Expert elicitation of STMs

The compilation of STMs requires a transparent and reproducible method for eliciting knowledge
from a diversity of experts. Expert elicitation is used to build sets of consistent and structured
estimates or hypotheses about how ecosystems will respond to drivers or management
interventions from different starting ecosystem states.

The expert elicitation method for STMs in the EKS includes several standardised typologies and
templates which support the collection and synthesis of consistent and repeatable knowledge,
including:

classification, naming and description of ecosystem types, reference states and modified
states, using archetype model templates from the AusEcoModels Framework (Richards et
al. 2020),

naming, classification and quantification of drivers of transitions including threats and
management actions,

standardised descriptions of ecosystem attributes related to structure, function,
composition, abiotic and landscape factors,

guidelines for selecting experts and templates for workshop agendas, the documentation
and synthesis of elicited information, participant information sheets, and workshop
evaluation, and

guidelines for validation of information, peer review and governance processes.

The full STM expert elicitation method will be published prior to market opening.
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\ Choose an ecosystem type

1 Focus on shared dynamics, structure and
types of threats. Align with existing
ecosystem typologies. Eg. AusEcoModels _ 1 \ | :
Within 25 Within 100
Yes Yes
years years

Building ves

State and Transition Describe condition states @ i @ @ @
Models (€) [ERE —ammm D

are easy to distinguish. Use measurable
traits and don’t describe drivers. ] N

5. Causal chains and likelihood )

State 1 action Biotic process

Likelihood 25 years: ‘ ‘ Likelihcod 100 years: __

State 2

5 Describe drivers of transitions

For plausible transitions, elicit ‘causal chains’
(sequences of all management actions, abiotic,
biatie drivers that may lead to a transition). Assign
likelihoeds for transitions.

Figure 7 Process diagram of the expert elicitation method - modified from Good et al. (2024).
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2.6

Coverage of state and transition models

At market commencement, STMs will be available for priority ecosystem types in regions likely to
be eligible under the first method. However, the resolution of the models will differ across the
eligible area. We have classified STM coverage into three categories (the proposed distribution of

these is shown in Figure 8):

Regional model — a regionally specific STM has been developed through the EKS regional
expert elicitation process and can be applied in this area.

Nationally-resolved model — the STM in this area is not specific to this region, that is,
regional experts in this area have not had input into this model. It has been derived from
STMs developed by experts in other regions and adapted (if needed) to be applied across
the eligible area.

Generic model —an STM for this ecosystem is not available. A ‘generic’ STM model has
been developed, based on likely eligible starting and target ecosystem states for the
proposed Replanting native forests and woodland ecosystems method. This model has
been derived from a review of the nationally-resolved models for similar ecosystem types
(e.g. woodland or forest) and common descriptions of starting and target states, condition
scores and transition times. The coverage of the generic models is a relatively small
proportion of the proposed eligible method area.

Where regional STMs are not available, greater emphasis or effort may need to be placed on on-
ground assessment and verification of the ecosystem state, ecosystem condition and the

parameters in the transition causal chains.
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Figure 8 Proposed STM model coverage in ecosystems (Major Vegetation Groups) across the proposed eligible
method area.

2.7 Next steps

Regional STMs will be progressively elicited in the EKS to increase coverage across Australia. These
will replace the nationally resolved and generic STMs and be incorporated in future updates.
Future updates may also include refinements to regional STMs in response to new knowledge,
evidence, or other feedback.

In addition, over the next year, elicitation and scenario-based approaches to incorporating recent
and future climate change impacts in STMs will be developed and trialled. Climate change is likely
to be incorporated into the STMs through (a) climate-adjusted ecosystem state descriptions, (b)
incorporation of climate change considerations into transition probabilities, and (c) a climate
adjusted-reference (where justified) for locations where the reference ecosystem will change
dramatically (e.g. floodplain forest to dry woodland) under climate change.
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3 National Biodiversity Assessment System
(NBAS)

3.1 Purpose

The NBAS provides a nationally consistent approach to forecasting expected biodiversity benefits
of a given project. It is being designed to align with and support implementation of biodiversity
assessment instruments and methods.

Feedback on the conceptual framework for the NBAS was sought from a large group of experts
during early 2024 and a prototype is now being developed that can be iteratively tested and
improved from September 2024 onwards.

The following sections provide an overview of the conceptual framework for the NBAS and the
proposed operational workflow. The workflow will be adapted to align with the first method when
it is finalised.

3.2 Conceptual framework

The framework for the NBAS builds on major advances in the science and application of ‘whole-
system approaches’ to biodiversity conservation assessment made over recent decades (e.g.
Moilanen 2008; Ferrier and Drielsma 2010; Ferrier and Wintle 2009; Walker et al. 2012; Pollock et
al. 2020). The core focus of these approaches is on assessing the collective state of biodiversity
across a whole system of interest (e.g. a given region, or the entire continent). Benefits for
biodiversity expected at a whole-system level can provide a consistent way to compare Nature
Repair Market projects that involve different activities in different ecosystem types and in
different places across Australia.

The NBAS adopts persistence of species-level biodiversity as the ‘common currency’ for
assessments to be undertaken using the NBAS framework (see Box 2), which aligns with the first
Object of the Nature Repair Act 2023 ‘to promote the enhancement and protection of biodiversity
in native species in Australia’. This approach models the persistence of biodiversity expected
across a specified spatial domain (e.g. region, state, entire country) as a function of the current
state (or ‘condition’) of habitat across that domain, and changes in this condition expected to
result from management actions. Biodiversity persistence is defined by the IUCN as ‘persistence of
a biodiversity element means that its loss (e.g. species extinction, ecosystem collapse) or decline
(e.g. of numbers of mature individuals of a species, ecosystem extent and condition) is avoided,
both now and into the foreseeable future’ (IUCN 2016).

Metrics based on this concept are increasingly being employed as a common currency for
assessing and expressing the present and/or expected future state of biodiversity within any given
spatial domain of interest, either for particular species of interest (e.g. Di Fonzo et al. 2016;
Clements et al. 2019; Marshall et al. 2021; Marshall et al. 2022) or for biodiversity more generally
at both species and ecosystem levels (e.g. Walker et al. 2012; IUCN 2016; Jones et al. 2016;
Brancalion et al. 2013; Prober and Smith 2009; Gardner et al. 2009; Janishevski et al. 2015; Pulla et
al. 2015; Richards et al. 2023a; Richards et al. 2023b; Schmidt et al. 2023).
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The NBAS offers a holistic assessment of the change in biodiversity persistence expected to result
from a proposed project, while also disaggregating this overall estimate into several component
parts. These include:

e local change (gain) in ecosystem condition within the project area expected to result from
the actions proposed for that area,

e contribution that this local change in condition is expected to make to enhancing the
connectivity of habitat across the broader landscape surrounding the project area,

e conservation significance of the ecosystem types being repaired, accounting for the rarity,
and past level of depletion and degradation, of these types across their range, and

e overall contribution that actions proposed for the project area are expected to make to
enhancing biodiversity persistence at a system level, combining the effects of the above
three components.

The NBAS framework combines analysis and modelling undertaken at two spatial levels as per the
general approach described by Ferrier and Drielsma (2010) (Figure 9):

e Atthe local level of individual spatial units (e.g. grid cells, or polygons defining project
areas) the expected future condition of each unit is modelled as a function of the present
condition of that unit, and the impact that any prevailing pressures and any proposed or
implemented management actions are expected to have on this present state.

e Results of this modelling of future condition for each spatial unit within the region of
interest then serve as an input to modelling of expected biodiversity persistence
undertaken at a system level. This system-level modelling considers spatial relationships
between the future-condition layer generated by local-level modelling and the distribution
of biodiversity elements (e.g. ecosystem types, species) to account for the rarity and loss /
degradation of those elements, along with expected impacts of spatial ecological processes
on biodiversity persistence at a system level (e.g. impacts of functional habitat
connectivity).

3.3 Operational implementation

Depending on the relative emphasis a given Nature Repair Market method places on achieving
benefits for individual species of conservation concern, versus benefits for biodiversity as a whole
(i.e. all species), the NBAS framework can be used either to model persistence of species
individually, or to model persistence of overall species diversity (using community/ecosystem-level
modelling techniques).

The flexibility of this approach, and its ability to contextualise biodiversity change across local,
regional and national scales, means that the NBAS can serve multiple biodiversity assessment roles
within the market. For individual projects, the NBAS will assess the expected biodiversity benefit
of an action. This role focuses on assessing and quantifying the biodiversity benefit expected from
implementing a specific management action within a defined project area. It considers both local
and system level benefits (Figure 9a).
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Figure 9 Conceptual approach to using the NBAS modelling of biodiversity persistence at system level as a
foundation for (a) assessing the expected biodiversity benefit of an action within a given project area, (b) spatial
prioritisation and (c) evaluating the net cumulative outcome achieved by actions implemented within multiple
project areas.

At the system level the NBAS enables integration across multiple actions and consideration of
landscape context to allow spatial prioritisation of management actions towards areas where
biodiversity benefits will be maximised, alongside the evaluation of the net cumulative benefits of
multiple actions.

When spatially prioritising where to best implement actions the NBAS maps the relative
biodiversity benefit (marginal gain) expected from implementing a specified type of management
action to each grid-cell in turn within the spatial domain of interest (e.g. an ecosystem type, a
region, or the entire continent). Each of the priority maps generated by this process is therefore
action-specific, with the aim being to provide information to help market participants understand
where different types of action are expected to provide higher biodiversity benefits. This
assessment will rely on remotely mapped spatial datasets that have complete national coverage
(Figure 9b).

Assessing the net cumulative outcome achieved by multiple projects implemented under the
Nature Repair Market involves aggregating and scaling up local-level benefits from individual
projects to assess cumulative benefits at whole-landscape and national scales. Conceptually this is
similar to the other two NBAS roles, but rather than assessing potential gain from proposed future
actions, it assesses actual benefits from a set of implemented projects, in terms of the broader
(collective) benefit expected from these projects at a system level, integrating field-based
monitoring of project areas where available (Figure 9c).

In summary, once fully deployed the NBAS will enable assessment of biodiversity benefits from
management actions at local, regional and national scales. By taking a system-level approach to
biodiversity assessment it can model collective benefits for biodiversity, even if projects
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implemented under the market involve a mix of different types of actions across multiple
ecosystem types (e.g. habitat protection versus restoration or enhancement of condition).

Box 2. What is biodiversity persistence and how does it relate to NBAS?

Biodiversity persistence refers to the continued survival and health of species, ecosystems, or
other biodiversity elements over time. In ecological terms, it is a measure of the likelihood
that the elements making up biodiversity (e.g. species) will continue to exist without
significant loss or decline, both now and into the foreseeable future. The concept of
biodiversity persistence is central to conservation because it emphasises maintaining whole-
of-system diversity and ecological function, making it a complement to approaches which
emphasise conserving individual species or elements within a system.

In practical terms, biodiversity persistence can be affected by a range of factors, including
pressures from human activity, and management interventions like restoration or protection
efforts. When biodiversity persists, it means that those ecosystems are functioning well, and
species are continuing to thrive without reaching critical thresholds that could lead to their
decline or extinction.

Species-level biodiversity persistence is essentially the inverse of extinction risk. A higher
value of biodiversity persistence means that the species making up this diversity have, on
average, a lower risk of extinction. Conservation efforts often aim to enhance biodiversity
persistence by mitigating risks that lead to the decline of species, such as habitat destruction,
climate change, or invasive species. This can be done by improving habitat quality, reducing
threats, or enhancing the resilience of ecosystems.

In the context of the EKS, the NBAS assesses how well biodiversity persistence is improved at
local and system levels by predicting how different management actions improve the long-
term survival of biodiversity. The NBAS assesses and reports the potential change in
biodiversity persistence that a proposed project may achieve, by combining fit-for-purpose
datasets representing the current state (condition) of ecosystems, the expected change in
local condition given a set of actions (via state and transition models), and the contribution
this local change will make to the connectivity of habitat in the surrounding landscape. The
initial version of NBAS will then, in turn, assess the contribution that such changes in
condition and connectivity are expected to make to biodiversity persistence at a whole-
system level through a relatively simple form of species-area analysis. This value is expressed
as the fractional gain in species persistence at a whole-system level - in other words, the
improvement in the proportion of all species in an ecosystem type expected to persist (i.e.
not go extinct) as a result of the proposed set of actions.

It is envisaged that further development of the NBAS following commencement of the market
will add functionality to allow biodiversity persistence to also be assessed for individual
species (e.g. of conservation or cultural significance) by modelling the contribution that local
actions are expected to make to increasing the amount of suitable habitat available across the
range of any given species.
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3.4 Implementing the NBAS for market opening

At market opening the NBAS will assess the contribution of a proposed project to change in local
(project) level ecosystem condition and change in system level biodiversity persistence (including
its component parts of connectivity and conservation significance).

The NBAS integrates multiple components of the EKS to offer a cohesive approach for biodiversity
assessment. It utilises the best available STMs for the region concerned (see Section 2.5) and
combines spatial and ecological data to predict how proposed management actions will impact
biodiversity (see Box 2) across local, regional, and national scales (Figure 10 and Box 3). This is
achieved through development of a software package utilising fit-for-purpose spatial datasets and
modelling tools, providing a robust framework for assessing the expected biodiversity benefit of
management actions proposed under the market.

The NBAS is effectively a versioned software and data package designed to ensure repeatability
and transparency while also allowing growth and refinement as the market develops. It will be
accessible through the PLANR interface, giving users flexibility in how they interact with, and
apply, its outputs.

A proposed high-level workflow for the initial version of the NBAS is shown in Figure 10. This
workflow will be adapted to deliver the biodiversity assessment functions required for the first
method at market commencement.

Other capabilities and extensions added over time will be described in future technical documents
(see Section 3.5).
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Figure 10 A proposed high level workflow for the initial version of the NBAS at market opening. Further information about the workflow associated with the circled numbers is
given on the following page.
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Figure 10 includes five numbered circles which correspond to five key steps in the analytical
process:

1. User: i) delineates boundary of the project area; ii) delineates distribution of pre-1750
ecosystem types and ecosystem states within the project area (through available spatial data
and local knowledge/site assessment); and iii) specifies proposed management actions
(informed by STMs). Three spatial grids for the project area are then generated for use in the
system level analysis: i) pre-1750 ecosystem type; ii) present ecosystem condition as a
function of ecosystem state, and any ancillary condition information (e.g. higher resolution
ecosystem condition data or on-ground data); and iii) future ecosystem condition predicted as
a function of proposed management, based on state and transition modelling.

2. The present condition spatial grid for the project area is amalgamated with best-available
condition mapping across the entire landscape (e.g. from HCAS — see Section 4.3). Condition
values in this amalgamated grid are then adjusted to account for the effect of connectivity
between each and every cell in the grid and habitat in the surrounding neighbourhood
(Drielsma et al. 2007). This adjustment for connectivity is also repeated for the future
condition grid (incorporating the changes in ecosystem condition predicted to result from
management proposed for the project area).

3. The connectivity-adjusted condition grids from the previous step are intersected with the pre-
1750 distribution of the ecosystem type of interest to calculate: i) the total pre-1750 area of
this ecosystem; ii) the present ‘effective area’ of the ecosystem calculated by summing the
present connectivity-adjusted condition values of all cells falling within the ecosystem type’s
pre-1750 distribution; and iii) the future ‘effective area’ of the ecosystem type calculated by
summing the future connectivity-adjusted condition values (reflecting changes predicted to
result from the proposed management). If management is being applied to more than one
ecosystem type/state within a project area, then this and the following step need to be
repeated for each of these ecosystem types/states.

4. The species-area relationship (SAR) is used to predict the proportion of species associated with
this ecosystem type which are expected to persist (i.e. avoid extinction) over the long term, as
a function of the effective proportion of that ecosystem remaining —i.e. effective area divided
by pre-1750 area (Ferrier and Drielsma 2010; Drielsma et al. 2014). This is repeated for both
present and future effective areas, with the change (gain) in proportion of species predicted to
persist then serving as an overall measure of the expected benefit of the proposed
management action, within a whole-system context.

5. This overall measure will reflect the effects of three main factors, all of which can also be
guantified and reported separately for proposals under the Nature Repair Market using the
following metrics:

a. Local change (gain) in ecosystem condition within the project area expected to result
from the actions proposed for that area.

b. Contribution to enhancing the connectivity-adjusted condition of habitat across the
broader landscape surrounding the project area.

c. Conservation significance of the ecosystem type being repaired, accounting for both the
rarity of the type, and its past level of depletion and degradation. This can be quantified
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by using the species-area relationship (from Step 4 above) to calculate the change in
proportion of species expected to persist in the ecosystem type if a fixed amount of
habitat (e.g. 1ha) is added to the total effective area of habitat remaining for that type.
The magnitude of this hypothetical change reflects both the past level of
depletion/degradation of the ecosystem type (more depleted types will be positioned
towards the lower, and therefore steeper, end of the species-area curve) and the natural
rarity of the type (adding a fixed amount of habitat will move a rarer type further up the
curve than will be the case for a more common type).

3.5 NBAS next steps

The NBAS released for market opening will provide biodiversity assessment tools to support the

first method while also leaving room for significant enhancements to accommodate future market

methods. The following will not be included in the first release of the NBAS:

1. Consideration of compositional variation within and between ecosystem types: i.e. variation in
species composition associated with fine-scale environmental variation within each type, and
varying levels of overlap in species composition between different types.

Estimation of benefits for individual species: future versions will consider the expected
impact of proposed actions on individual species. This could include species with conservation
significance (e.g. EPBC Act listed species) or cultural significance (as appropriate).

Incorporation of climate change effects: including expected shifts in the distribution of
species and ecosystem types and the potential effects of climate change on the projected
benefits of a project.

Spatial prioritisation: i.e. the ability to map the relative benefit for biodiversity expected to be
achieved by applying a specified type of management action across different parts of any
given spatial domain of interest (e.g. a region, or the entire continent), to help inform
proactive targeting of actions towards places where those actions are expected to deliver the
highest benefits for biodiversity (this is the second role for the NBAS identified in Section 3.2).

Evaluation of net cumulative benefits achieved by implemented actions: i.e. the ability to
evaluate cumulative (overall) benefits for biodiversity achieved by multiple projects
implemented through the Nature Repair Market (this is the third role for the NBAS identified
in Section 3.2).
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4 Key data inputs

The EKS is underpinned by several key datasets, in addition to the expert-elicited information
contained in STMs. These datasets are being evaluated using a Data Assessment Framework
(Section 4.1) and, where possible, will be national in scale or coherent with national and
international frameworks and methods so that information delivered through the EKS is
comparable across regions.

4.1 Data Assessment Framework

To undertake assessments of the EKS datasets, a framework has been developed that covers
numerous dimensions of a dataset that a potential user should be concerned about when
determining fitness-for-purpose. This framework is described in detail in Lemon et al. (2024). This
framework consists of two high-level concepts: a general framework and activity profiles (Table 2).

The general framework adopts the Australian Bureau of Statistics Data Quality Framework?
dimension structure as well as the Australian Institute for Health and Welfare (AIHW)? approach of
posing a set of questions within each dimension to which the answer can only be ‘Yes’ or ‘No’.

The development of the questions has been guided by analysis of existing data quality
frameworks—the FAIR3 and CARE* principles, the Shared Analytic Framework for the Environment
(Western Australian Biodiversity Science Institute and Western Australian Marine Science
Institution 2023)>—and a number of metadata and data quality standards (DCMI®, ISO TC2117).

The second component of the Data Assessment Framework allows the user to tailor the
framework for the specific needs of their activity (or use-case) through the development of the
activity profile. The activity profile captures the expectations or requirements that an activity has
with respect to each of the questions, and the actions to be taken if, during an assessment, a
dataset does not meet these requirements.

The framework also considers the input data supply chains for any risks to the data in question
such as ongoing updates and dependencies.

The Data Assessment Framework is intended for use in evaluating primary data inputs used in
STMs (Section 2) and the NBAS (Section 3).

1 https://www.abs.gov.au/websitedbs/D3310114.nsf/home/Quality:+The+ABS+data+quality+framework
2 https://nla.gov.au/nla.obj-788584958/view

3 https://ardc.edu.au/resource/fair-data/

4 https://ardc.edu.au/resource/the-care-principles/

5 https://wabsi.org.au/our-work/projects/safe-shared-analytic-framework-for-the-environment/

6 https://www.dublincore.org/specifications/dublin-core/dcmi-terms/

7 https://www.iso.org/committee/54904.html
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Table 2 Data Assessment Framework key concepts

COMPONENT DESCRIPTION

General framework

Dimensions Dimensions are areas of concern related to the assessment of the dataset. For the framework, the
dimensions are:
o Accessibility - Ease of access to data by users including appropriate licencing

o Institutional Environment - Institutional and organisational factors that may have influence on the
credibility of the data.

e Relevance - How well the dataset meets user needs.

e Timeliness - The latency between dataset data collection, collation, supply and use as well as update
frequency.

e Accuracy - The degree of correctness of the data for the estimate provided.

e Coherence - The comparability of the dataset to other data of similar type, as well as to prior version of
the same dataset.

o Interpretability - The availability of information to aid interpretation of that data to generate insights.

Questions A set of questions, relevant to the dimension which are designed to evaluate the suitability for use of a
particular dataset. The answer to a question can only be “Yes”, “No” or “Not applicable”.

Activity profiles

Activity An activity, project, initiative, programme of work which will seek to use one or more datasets as inputs
and will likely have similar requirements of these datasets with respect to the general assessment
framework

Relevance assessment  An initial assessment of the general framework questions to determine which are relevant to the activity
profile.

Activity requirements  The set of requirements that define ‘fit for use’ for each question within the activity profile. In other
words, the “bar” that needs to be met to achieve ‘Yes’ for the question.

Activity guidance For each question in an activity profile, advice needs to be provided on how to proceed if the answer to a
question is ‘No’. Specific guidance is needed for each question.

4.2 National Vegetation Information System (NVIS)

The National Vegetation Information System (NVIS)® is an ongoing collaborative initiative between
the Australian and state and territory governments to manage national vegetation data to help
improve vegetation planning and management within Australia. The Australian Vegetation
Attribute Manual (NVIS Technical Working Group 2017) underpins NVIS by providing guidelines for
standardising the national collection, compilation and monitoring of Australia's vegetation.
Maintenance and further development of the technical infrastructure is coordinated by the NVIS
Technical Working Group®. Each state and territory have developed an NVIS-compatible database
which is populated with its native vegetation data. This data — often derived from decades of
activity in vegetation survey and mapping using a variety of methods and classifications — is
collated into the NVIS database by the Australian Government, who also leads on building and
improving the system architecture.

8 https://www.dcceew.gov.au/environment/land/native-vegetation/national-vegetation-information-system

9 https://www.dcceew.gov.au/environment/land/native-vegetation/national-vegetation-information-system/technical-working-group
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The NVIS database provides a range of products for use at different scales, including increasingly
detailed data from levels 1 (class) to 6 (sub-association) of the vegetation hierarchy, and web
services to support delivery. The more detailed levels of the vegetation hierarchy have been used
to crosswalk different vegetation classifications, such as that developed by the International Union
for the Conservation of Nature (IUCN) Global Ecosystem Typology (Keith et al. 2020; Keith et al.
2022), which is an international standard for ecosystem accounting?®, and to map outputs of the
AusEcoModels Framework (Richards et al. 2020) that classifies ecosystems into reference and
modified states connected by processes that drive change (see Section 2.2).

The most up-to-date pre-1750 NVIS product!? is used to determine the ecosystem type relevant to
a project area and will be used in the National Biodiversity Assessment System (NBAS) to calculate:
i) the total pre-1750 area of each ecosystem; and ii) the present ‘effective area’ of the ecosystem
using the methods as outlined in Section 3. These NVIS products and their derivatives will be
evaluated using the data assessment framework (Section 4.1) to demonstrate under which
circumstances they will be fit for purpose.

4.3 Habitat Condition Assessment System (HCAS)

The HCAS'? is a satellite-based monitoring method for national reporting on the estimated degree
to which a location departs from its contemporary ecosystem reference state (i.e. highest integrity
within a natural range of variability as might have existed prior to European colonisation) (Box 3;
Figure 11). Condition is scored on a 0—1 scale, where 1.0 is the highest attainable ecosystem
integrity and, at 0.0, all trace of the original ecosystem has been removed. The method has been
developed and incrementally improved through a partnership between CSIRO and DCCEEW
(Harwood et al. 2016; Williams et al. 2020; Williams et al. 2021; Williams et al. 2023). HCAS is used
in the STMs to link ecosystem states to condition scores via the VAST narrative framework (see
Section 2.3) and in workflows that link information in STMs to the NBAS (Figure 10).

HCAS reference sites are identified using multiple lines of evidence, including land use mapping
and expert knowledge elicited using the Habitat Condition Assessment Tool (HCAT). HCAT is a
web-based platform hosted by the Atlas of Living Australia that enables experts with deep
ecological knowledge and experience to contribute site-level habitat condition scores. Data
collected through HCAT also supports the development of STMs directly through the identification
of local reference areas. Box 3 provides more technical detail about the HCAS workflow.

4.4 National ecosystem accounts

To ensure alignment with national and international frameworks the EKS, where possible, will use
the same input datasets for ecosystem extent and condition as those used in Australia’s national
ecosystem accounts. The National Ecosystem Accounting Project (NEAP) is delivering national
terrestrial, freshwater and ocean ecosystem accounts, which will help users to understand the
importance of the environment and its contribution to our economic and social wellbeing. These

10 https://seea.un.org/ecosystem-accounting
11 https://www.dcceew.gov.au/environment/land/native-vegetation/national-vegetation-information-system/data-products

12 https://research.csiro.au/biodiversity-knowledge/projects/hcas/
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accounts will provide a source of trend data for state of the environment reporting and
environmental indicators as well as national data for the Nature Repair Market. The first release of
accounts in early 2025 is a starting point that will be built on and improved over time as new
methods and data become available.

Ecosystem extent spatial datasets and ecosystem condition spatial datasets (derived from HCAS
and described in Section 4.3) that have been developed as part of NEAP are also key data inputs to
the EKS. Ecosystem extent datasets may include the extent of Ecosystem Functional Groups
described in the IUCN GET (Keith et al. 2020; Keith et al. 2022), and derived from NVIS information
(see Section 4.2). The IUCN GET is the recommended ecosystem classification for global
comparison in the System for Environmental Economic Accounting Ecosystem Accounting (SEEA
EA) framework. A second dataset, reporting the extent of ecosystem states based on the
AusEcoModels Framework (Richards et al. 2020) and the HCAS outputs, will be used as a line of
evidence for the identification of starting ecosystem states in the EKS. This dataset can be used to
interpret change in ecosystem condition accounts, and has been derived from NVIS information
and cross-walked to the IUCN GET ecosystem functional groups.

The use of spatial datasets that may also be used to develop national ecosystem accounts, ensures
that there is good compatibility and consistency between information delivered by the EKS and
data used in other national reporting forums. The derivation of the ecosystem extent spatial data
from NVIS (that compiles information from state-based vegetation data), also ensures alignment
between national-scale ecosystem descriptions and regional to local information delivered
through the EKS.
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Box 3. HCAS workflow

The Digital Earth Australia Collection 3 Landsat archive!® between 1988 and 2022 underpins
HCAS version 3, which is being summarised at 90 m grid resolution to match the resolution of
a wide array of environmental covariates provided by TERN (Searle 2023).1* A pilot version of
HCAS using these data has been developed at 250 m (HCAS v3.0) to test and refine workflows
(Valavi et al. 2024; Williams et al. 2024).

The outputs of HCAS include a ‘base model’ which applies a long-term epoch over which the
remote sensing input data are averaged (1988-2022 in the case of v3) and a time-series of
short-term epochs. The HCAS v3 uses 14 Landsat-derived remote sensing variables to
represent a wide range of ecosystem characteristics — mainly structural and functional
components. The short-term epochs are averaged over 3 years of the remote sensing data,
although longer periods may be needed to address limitations in data quality due to cloud
and other atmospheric interferences.

The workflow hinges on two main processing
Remotely sensed .
observed ecosystem Environmental Reference stages (shown as steps 1 and 2). In the first stage,
characteristics Covaristes “nwiem S 2 multivariate regression model is developed
/ /_ —\\ \ (labelled ‘Reference ecosystem modelling’) to
€ Q predict ecosystem characteristics (using satellite-
-—-‘/ observed remotely sensed ecosystem
1. characteristics) from a set of non-remote sensing
/s \ based abiotic predictors (environmental
’ | . ' | covariates such as climate, soil, landform and
\h._._/l’renu:l:ed surface water) for sites in reference condition
Reference ecosystem reference ecosystem \ . q q
modelling characteristics (having high levels of ecosystem integrity). The
2. reference ecosystem model is used to predict
I ecosystem characteristics at every site of
interest. The second stage (labelled ‘condition
: T benchmarking’) calculates differences between
s "/ benchmarking predicted and observed remotely sensed
ecosystem characteristics at each site, and uses

3. : ' sites in reference condition (this time as
= ‘benchmarks’) to derive the initial uncalibrated
Calibration
\ [:“' . habitat condition index, indicating the similarity
Osavad ‘ to reference ecosystem characteristics for every
ol o test site. Subsequent steps calibrate and
4. standardise estimates to values between 0.0 and
Estimated 1.0 and compare results with other land
@ cg;g:}&:n information datasets to inform interpretation
o and use. Source: adapted from Figure 4 in

Williams et al. (2021).

Figure 11 Summary of HCAS model workflow structure

13 https://dx.doi.org/10.25914/6099413995ed0

14 https://aussoilsdsm.esoil.io/other/hcas-optimised-slga-products
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