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Foreword
The Ecosystem Science Council (ESC) welcomes the opportunity to make a submission on the
proposed NEPS system design coordinated by TERN.
The Council endorses a landmark national ecosystem forecasting capability. Members of the
Council and its community have attended Stage 1 and 2 consultations organized by TERN and
wishes to remain engaged at all major decision points to do with the proposed NEPS.
The Ecosystem Science Council was established to advance the goals of “Foundations for the
future: a long-term plan for Australian ecosystem science”(ESC 2014), working with all individuals,
groups and organisations within the ecosystem science and management communities.
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Summary of submission
The Ecosystem Science Council (ESC) strongly supports the need for a National Environmental
Prediction System (NEPS). We endorse the overall design of the administrative and governance
structure (social architecture) of NEPS in principle as a network or federation of existing
infrastructure. Our critical analysis though raises serious reservations about whether the scoping
of the information and technical capabilities of NEPS (as outlined in the system design paper) are
sufficient to attract the necessary investment and deliver on this opportunity for ecosystem
science researchers. The basis for these reservations is the perceived imbalance and lack of
appreciation of the need for ‘prediction’ science part of NEPS. Without a clear and distinctive
purpose to implement ecological prediction models, the development of this capability risks
dissolving into a system that tries to be ‘everything to everyone’, with much of the investment
diverted into existing institutions to make up the ongoing shortfall of investment across the
environmental monitoring, reporting and data infrastructure domains. Some good thinking in the
NEPS paper is evident in the case for improving data infrastructure access, features and services
necessary for decision support. But this component is not balanced by an equal focus on the need
for research and development on the very models that underpin prediction, nor on how such
models and case studies would drive new data collection efforts to plug known knowledge gaps.
We request the Expert Panel address our recommendations in writing to the ESC, identifying how
the Panel has adopted (or not) our recommendations in the draft investment plan. We strongly
request that the final version of the plan is made public. We also seek an opportunity to enable
the ecosystem science community to provide feedback on the final plan before it is submitted to
the Australian Government Department of Environment and Energy.
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Recommendations
Building the Science Case for a Cost-efficient Environmental Research Infrastructure (ERI)
1.
2.

3.

Refocus the design of NEPS to better address the infrastructure needs of researchers of
predictions and ecosystem science who make up the ecosystem science community.
Restructure the goals to prioritise the building of predictive ecological models identifying and
filling of data gaps or availability for reuse, and advancing our understanding about how
ecosystems respond to environmental change and management interventions.
Invest in a Centre of Excellence for Environmental Prognosis to guide redesign of the NEPS
before developing an investment plan.

Social Architecture Design and the Role of Subdomains and Data Policy
4.
5.

Conduct a risk analysis for the project as a whole, specifying key risks to its implementation
and uptake, and identifying mitigation measures for these risks.
Address financial compensation for representatives of NEPS, NEPS Technical Committee and
representative of the Subdomain Infrastructure Community and NEPS User Community. (no
volunteering for information).

Extending TERN’s Consultation Process for Continuous Community Engagement
6.

7.
8.

Increase the diversity of the Expert Panel for drafting the Implementation Plan by engaging
biotic ecosystem/ecological modelling scientists who specialise in forecasting change in
threatened species, non-threatened species, ecological communities and ecosystems in
response to rapidly changing pressures and have knowledge of infrastructure design.
Provide feedback to participants of consultations and submissions on how their input has
been addressed in the Investment Plan.
Contract reviewers from the Ecological Forecasting Initiative , any one of the leading ecology
synthesis centres in the world such as NCEAS, the German Biodiversity Synthesis Centre, or
data analytics and modelling experts such as The University of Sydney Centre for Translational
Data Science and Data Analytics for Resources and Environment Centre (DARE) to obtain
feedback on the draft Investment Plan before submission the Australian Government.
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Critical analysis
Building the Science Case for a Cost-efficient Environmental Research Infrastructure (ERI)
NEPS is viewed as a “networked or federated form of national research infrastructure, enabling
integration of environmental observations with predictive modelling to produce data and
information products and services to enhance Australian research capability and to support
decision-makers and the economy with improved environmental knowledge and insight”1 This
new ERI builds on fragmented existing NCRIS ERI, government data infrastructure (DI) and
prediction infrastructure (PI) such as ACCESS climate modelling (Fig. 1) .

Figure 1. Visualisation of NEPS federation of existing environmental research infrastructure (ERI),
government data infrastructure (DI) and prediction infrastructure (PI).

Fundamental to the operation of the existing ERIs, DIs and PIs are ecosystem scientists in universities,
research centres, NGOs, environmental industries and the citizens running nature-based community
projects. None of this infrastructure would exist without ecosystem scientists researching Australia’s
ecosystems in natura, in vitro, remotely with sensors and mathematically with synthesis activities (e.g.,
statistical analysis, mechanistic models or Bayesian data assimilation for ecological forecasting). Clearly,
science through its data and its information products is the supplier in the ERI, DI and PI supply chains
whether federated or not. The customers of this infrastructure are users in universities, research agencies,
government agencies, regional resources managers, private industry such insurance, NGOs, first nation
people’s land management, peak bodies such as the ESC, ESA and career ecoinformaticians and
infrastructure engineers. Ecosystem scientists are supplier and customer and are fundamental to the NEPS
system design.

1

NEPS System Design 2019, p1
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ERIs are large investments and must be coordinated and target specific needs to meet grand
societal and scientific imperatives.2 It is critical therefore that ecosystem scientists (suppliers) and
beneficiaries (customers) of ERIs work together on the NEPS system design to deliver actionable
and cost-effective information products. The design workflow is a cyclical dynamic process of
strategize, capture, explore, experiment and evaluate to optimise efficiencies3. The design of NEPS
has captured a vision (NCRIS feedback in 2016), explored that vision in Stage 1 and evaluated the
design in Stage 2 consultations with some success (but see Recommendations 6, 7 and 8).
The challenge of the NEPS design is the lack of an overarching strategy that enables a decisionmaking space to reduce the vulnerability of ecosystems and the necessary mitigation of change
caused by human pressures. The prediction infrastructure of NEPS must enable advance warning
and prognostic capability of environmental drivers, processes and their interactions. When, for
example, ecosystem scientists wish to assess the vulnerability of food production at economically
relevant scales, process-level data on common and threatened species assemblages (biodiversity),
plant ecophysiology and agricultural techniques (ecosystem experimentation), sustainability (new
transformational science), nutrient cycling and soil physics (microbial, microbiology, pedology),
water resources (ecohydrology) and social scientists (new transformational science) is necessary
from 10 environmental subdomains. To measure and track changes in the human pressures, data
on land use change (landscape ecology), chemical climate (atmospheric chemistry), climate and
meteorology (atmospheric science, bioclimatology, micrometeorology), and invasive species
(invasive species ecology)4 are also necessary from six extra subdomains. The economically
relevant scales are likely to be regional, continental and global. Environmental prognostic
capability therefore involves bringing together data from multiple subdomains with different
cultural information practices.
A synthesis of ERIs warns us that ERIs cannot be everything to everybody and must have an
overarching strategic approach.5 Government resources (provided by tax payers for the public
good) currently invest billions of dollars in NCRIS RIs, government DIs and PIs (e.g., ACCESS). NEPS
will be an overarching investment when investment in environmental research, policy and
management is limiting. It begs the question whether the NEPS investment based on the current
design will be a justifiable return on investment.
Data and technology readiness will be a critical factor in deciding the merit of investment in NEPS.
The current fragmented ERI in Australia would be challenged to address the production example
above because of the gaps in data and the sparseness in scale of available datasets.
In NASA’s Artic-Boreal Vulnerability Experiment6 which aims to understand the processes and
interactions controlling the vulnerability and resilience of the region’s socio-ecological systems,
and to assess how people within and beyond the region can respond and adapt to current and
future environmental and social change, they had to collect new data in the field for the biotic
component (plants, animals, microbes and humans) despite having access to NASA’s Terrestrial
Ecology DI.

2

Chabbi et al., (2017), Terrestrial Ecosystem Research Infrastructures Challenge and Opportunities, p. x
Chabbi et al., in Terrestrial Ecosystem Research Infrastructures Challenge and Opportunities, p. 3-23.
4
Chabbi et al., (2017), Terrestrial Ecosystem Research Infrastructures Challenge and Opportunities, p. x
5
Chabbi et al., (2017), Terrestrial Ecosystem Research Infrastructures Challenge and Opportunities, 3-23.
6
NASA’s Artic-Boreal Vulnerability Experiment
3
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Closer to home, the NSW Government has invested extensively to develop and extrapolate
indicators that measure NSW biodiversity and ecological integrity for the purpose of government
decision-making about environmental policy, management and legislation. In consultation with
CSIRO, an audit published in 2019 revealed the readiness of available data and technology to help
government decision-making7. Most of the indicators are in a Category 3 state of readiness (Fig. 2a
and b) where Category 3 means “for which the need has been identified, but the methods, science
and data need to be assessed, requiring research, development and testing. The timeframe for
this category is c. 1–3 years or more.” This audit highlights the criticality of available data and
technology to support prognosis in biodiversity decision for governments and most ecosystem
scientists. It is clear that long-term and continental scale biotic environmental monitoring is
literally holding up environmental decision-making. As shown in Figure 2a and b, the NSW
government have chosen 14 indicators to move forward but acknowledge it is a first step.
In taking first steps though, decision-makers need to be mindful of making misleading decisions.
When, for example, assessing the heat stress on a common inland bird species, physiological
modelling of heat stress under lab conditions extrapolated to its whole distribution by using
TERN’s abiotic DI8 forecasted catastrophic mortality of the species to extreme events. At first, this
appears alarming for the species survival under climate change. However, when tested in the wild,
micrometeorology measures indicated birds chose microhabitats locally that minimised heat
stress. Whether this could be true for its whole distribution in the wild remains unknown as data
gaps in the behaviour of wild species throughout its distributions limit prognosis and restrains
decision-making. Not having the necessary data to validate ecological forecasting is a serious
challenge for decision-makers. It also challenges infrastructure design and investment.
Another challenge for the current NEPS design as highlighted by the food production example is
environmental prognosis requires considerable transformational science most of which is new to
science9
The lesson learnt from these few examples is, for NEPS to enable prognosis of changes in human
pressures on the biotic environment in support of societal imperatives such as mitigation of mega
bushfire, and building environmental resilience in food production and property, the design must
target specific scientific needs otherwise it is likely to produce products that mislead decisionmaking. And that could result in a cascade of irreparable consequences for the environment and
people.

7

OEH & CSIRO (2019), Measuring Biodiversity and Ecological Integrity in New South Wales: Method for the
Biodiversity Indicator Program
8
TERN Newsletter
9
Pirzl, R. et al 2019. Environmental Prediction Symposium Synthesis, CSIRO Land & Water, Australia
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Figure 2a. Data and technology readiness of indicators for the NSW Biodiversity Indicator Program.
(Category 1 - the minimum viable set developed for the first assessment, where data and workflows are
well-established, allowing full implementation within c. six months. Category 2 - some development is
required for full implementation, for example, testing of workflows, requiring a longer period of
development, within c. 6–12 months. Category 3 - for which the need has been identified, but the methods,
science and data need to be assessed, requiring research, development and testing. The timeframe for this
category is c. 1–3 years or more. Shaded area - indicators chosen for implementation. After OEH and CSIRO
2019)
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Figure 2b. Data and technology readiness of indicators for the NSW Biodiversity Indicator Program.
(Category 1 - the minimum viable set developed for the first assessment, where data and workflows are
well-established, allowing full implementation within c. six months. Category 2 - some development is
required for full implementation, for example, testing of workflows, requiring a longer period of
development, within c. 6–12 months. Category 3 - for which the need has been identified, but the methods,
science and data need to be assessed, requiring research, development and testing. The timeframe for this
category is c. 1–3 years or more. Shaded area - indicators chosen for implementation After OEH and CSIRO
2019)
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The NEPS system design must adopt a strategic approach to have a convincing investment plan.
This approach has to be science-driven. Federation of existing ERIs, DIs and PIs will not support the
environmental decision challenges of today. Instead, the NEPS system design needs an
overarching strategic approach for an environmental prediction capability. Based on lessons
learnt, environmental forecasting must take a two-pronged approach first through iterative
integration of theory, observation, experimentation and modelling (Fig. 3), and second through
developing new understandings using data among ERIs continentally and globally.
“Much of the imperative to focus on ecological forecasting comes from the need to
respond to the multitude of environmental problems facing society and the aspiration that
environmental decisions be made with the best available science in hand. In fields such as
fisheries, wildlife, algal blooms, wildfire, and human disease, we often need to know how
ecosystems, and the services they provide, are going to change in the future and how do
humans affect those trajectories? Because all decision making is ultimately based on what
will happen in the future, either under the status quo or different decision alternatives,
environmental decision making ultimately depends on forecasts. Ecological forecasters try
to make those forecasts, and their uncertainties, explicit.”
Ecological Forecasting Initiative (https://ecoforecast.org/about/)

Figure 3. Near-term ecological forecasting (Dietze et al., 2018)

The focus on the modelling side of NEPS highlights that the functional role of NEPS is to help
ecosystem scientists solve “recognised problems” (Fig. 4).
The NEPS Synthesis Centre is proposed to run synthesis workshops similar to TERN’s ACEAS
synthesis centre to distil important challenges about future environmental change in Australia.
ACEAS workshops were also merit-based, competitively funded and mainly produce scientific
journal articles across 36 synthesis datasets (TERN’s Data Portal). These workshops were
independently tendered, having fragmented themes. While credible scientific products were
10

produced, few products were actionable at a continental or global scale. After five years, the
centre was discontinued. The NEPS Synthesis Centre cannot be everything to everybody like
ACEAS. It must be a Centre of Excellence in Environmental Prognosis similar to an EMMA-like
centre10 which coordinates a strategic approach for the NEPS design. The Council strongly suggests
this new centre use transformational approaches with NEPS users and system designers to close
the gap between science, policy and infrastructure.

Figure 4. NEPS functional role (after TERN Stage 2 Consultation presentation, 2020)

It will:
• Identify the overarching themes of grand challenges (e.g., see Appendix 1)
• Prioritise “recognised problems” (see Appendix 2a for evidence-based approach and
Appendix 2b for a system engineering approach) and establish a cause-and-effect approach
to address questions for environmental forecasting (see Appendix 3 and 4 for NEON
example)
• Assess priority problems against relevant legislation and regulation requirements for
different jurisdictions

10

Ecosystem Science Council (2017), http://ecosystemscienceplan.org.au/Submissions-pg32793.html#EMMA.
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•

•

•
•

Identify data gaps and essential environmental variables needed to address prioritised
problems (e.g., lack of continental scale animal and microbial data similar to TERN’s
vegetation surveillance data11)
Ensure NEPS has actionable outputs and outcomes for prioritised problems by identifying
the features required in a prototype NEPS that is more than an extra layer of existing
infrastructure architecture.
Refine the NEPS design into cost-efficient stages, and
Develop an investment plan for actionable environmental prognosis.

Recommendation 1.

Refocus the design of NEPS to better address the infrastructure needs of
researchers of predictions and ecosystem science who make up the
ecosystem science community.

Recommendation 2.

Restructure the goals to prioritise the building of predictive ecological
models, identifying and filling of data gaps or availability for reuse, and
advancing our understanding about how ecosystems respond to
environmental change and management interventions.

Recommendation 3.

Invest in a Centre of Excellence for Environmental Prognosis to guide
redesign of the NEPS before developing an investment plan.

Federated NEPS – Interplay of Social and Information Architecture Design
The operational capability of the NEPS will be challenged by its proposed social and information
architecture designs. NEPS has a federated data supply chain using common community models12
(Fig. 5). A community application schema is developed and agreed to by a community which
enables a view of their data. Federated infrastructure like the proposed NEPS delivers data using a
single interface such as web services and it uses community models to describe conceptual
aspects of the datasets where existing ERIs, DIs and PIs must provide a view of their data using an
agreed community model. This means the Subdomain Infrastructure Community (e.g., TERN,
IMOS, ALA and other infrastructures) bear the majority of the cost of developing an agreed
community schema and establishing and maintaining the web services to deliver it. The cost borne
by the External User Community is a function of the “fitness for purpose” of the infrastructure.
The user cost is inversely proportional to the effort in designing the end product to meet the
scientific and societal environmental imperatives. With federated infrastructure, theoretically, the
user investment is very high but overall the cost is mostly low due to a better fit for purpose. Over
time the addition of new providers to the system is reduced due economies of scale.

11
12

AusPlots Rangelands and Forests
Box et (2015), Specification Framework for the Foundation Spatial Data Framework, 61 pp.
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Figure 5. Federated data supply chain with the involvement of three actors which are the provider (NCRIS
RIs (e.g., TERN, IMOS), government data infrastructure (e.g., NSW BioNet), and existing prediction
infrastructure (e.g., ACCESS) which a description of the supply chain. (WS – web services)

It is worth noting that the designers of the NEPS (Box and colleagues13) have previously stated:
“….. the total costs of production and use are minimised by performing a transformation from provider
datasets to a set of national products once. If the supplied data structure changes, a cost to remap it to
a community schema is incurred. More importantly, the transformation costs are proportion to the
number of input data sets as the aggregator or broker has to learn and maintain mappings from N data
models (one for each provider) to the common model. This may be tractable for up to ten providers but
becomes intractable beyond that.” (p.21)

The key point with a federated data supply chain is that is relies heavily on a community model,
and that it with each new dataset, will have to be mapped to the model. The leads listed for
13

Box et (2015), Specification Framework for the Foundation Spatial Data Framework, p.21
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Subdomain in Figure 5 of the design document will need to work with the External User
Community to develop community-controlled vocabularies, standards in observations and metrics
between abiotic and biotic science disciplines. In the Terrestrial Ecosystem Subdomain there are
over 60 disciplines or sub-subdomains alone. Achieving consensus with large committees who
have representatives with different science culture and practices is a dangerous risk to federated
infrastructure as it relies totally on a community model to harmonise data and information
products.
Interoperability is a key plank of the Findable, Accessible, Interoperable, Reusable (FAIR) data
policy for NEPS but there will be challenges (see Fig. 6 for long-term datasets and Turner et al 2017
for the challenges confronted in building a private schema for TERN’s AEKOS 14). The degree to
which NEPS is truly interoperable especially for long-term data is the degree to which the four
elements in Figure 6 are adopted as collaborative facilities15. For forecasting and prediction
capability, signal:noise and uncertainty estimates must be part of the NEPS model because
uncertainties need to be known before data is to be used in any Bayesian or data simulation
approach. A glaring gap in the NEPS design is the absence of a strategic approach to identify and
align the science and societal imperatives with the infrastructure.

Figure 6. Necessary components of an interoperability framework for long-term data when forecasting or
prognosing (after Chabbi et al., (2017), Terrestrial Ecosystem Research Infrastructure , p.14)

14

Turner et al (2017),
Chabbi et al., (2017), Terrestrial Ecosystem Research Infrastructure
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Another challenge under the FAIR data policy for NEPS is R – “reusable” data and information. In
data science, the concept of reuse is fraught as it can be interpreted for many angles (Fig. 7).

Figure 7. Conceptualising reusable data by scientists (after van de Sandt et al. 201916).

To be reusable, metadata need to have excellent descriptors to enable different questions to be
applied to the same data using different methods. With all methods, there are assumptions. For
example, it cannot be assumed that ‘diameter at breast height’ (DBH) is measured at 1.37 m
above ground throughout Australia as it depends on the forest type, location of the tree and its
form. This will also have implication for ontologies, semantics and controlled vocabularies. These
risks to interoperability and reusability need to be identified and addressed to guide the
development of the investment. The magnitude of the task to have a common model needs to be
costed for obvious and hidden costs.
Another risk in the NEPS design that should be articulated is the potential of under
representativeness of ecosystem science knowledge in the Subdomain Infrastructure Committee
and the Federation Community because of the sheer scale of research disciplines. As mentioned
earlier, the Terrestrial Ecosystem Science subdomain has over 60 disciplines (Fig. 8). What is the
risk of under representing domain knowledge for all domains? Domain experts on committees
must be renumerated and what will the cost be?
If the food production example mentioned above was a prioritised question for the Department of
Environment and Energy, then thanks to the prioritising, 14 ecosystem and social scientists would
be a manageable subdomain committee due to having a strategic approach. Otherwise all the subsubdomains would expect to be represented in the Subdomain Infrastructure Committee and the
Federation Community. If they were not, NEPS will be perceived as an exclusive club.

16

van de Sandt, S., Dallmeier-Tiessen, S., Lavasa, A. and Petras, V., 2019. The Definition of Reuse. Data Science Journal,
18(1), p.22. DOI: http://doi.org/10.5334/dsj-2019-022
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Figure 8. Many sub-subdomains exist in the terrestrial ecosystem science subdomain.

The NEPS investment plan must address the risks of how best to extract from the ecosystem
science community the broadest possible scientific, societal and technical needs that enables a
cost-efficient NEPS. The designers have not done this in the design documents and when an ERI is
everything to everyone it is easy to have cost over runs. Technology by necessity may need to
constrain scientific and societal needs which then limits its decision-making capability and value.
Without a strategic approach, the complexity of NEPS will likely become open-ended even with
the prediction capability shallowly treated. The proposed governance will be complex and not
extensible. Importantly, the scope, budget and risk will keep changing and the infrastructure’s
long-term sustainability may be questionable17. The NEON design experience went down the
‘open-ended’ path for 10 years and after spending billions of dollars and almost collapsing, some
visionaries in the process identified grand challenges as a mechanism of focus and prioritising the
design and build. Today it thrives.
Recommendation 4. Conduct a risk analysis for the project as a whole, specifying key risks to its
implementation and uptake, and identifying mitigation measures for these
risks.

A potential consideration for the investment plan is the consideration of paying members of the
“Decision Subdomains” a sitting fee for their time and expertise. Such costs must be factored into
the infrastructure costs as research funding decreases in especially universities.

17

Loescher et al. (2017) on NEON in Chabbi et al., Terrestrial Ecosystem Research Infrastructure
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Recommendation 5.

Address financial compensation for representatives of NEPS, NEPS
Technical Committee and representatives of the Subdomain Infrastructure
Community and NEPS User Community.

Extending TERN’s Consultation Process for Continuous Community Engagement
The scoping and consultation process organised by TERN on behalf of the NEPS Scoping Study
Expert Panel, has been open and inclusive. Multiple opportunities for input via meetings, written
submissions such as this one, and face-to-face workshops at national meetings have been
circulated widely to a broad group of potential stakeholders. However, it is apparent in looking at
the expertise of the Expert Panel, that there is a lack of expertise in contemporary practice of
biotic ecosystem/ecological modelling (biotic prediction scientists). Environments are made of
living things (biotic environment), non-living things (abiotic) and people.
Given the recent devastation of bushfires and the public concern about the welfare of wildlife and
changes to their habitats, it is imperative the Panel engages specialists in forecasting changes in
threatened species populations and their habitats, changes in non-threatened species and
ecosystem composition, structure and function in response to rapidly changing abiotic and biotic
pressures. Most importantly, these scientists must have an appreciation of global
ecological/environmental databases (or information systems/decision support systems), data
descriptors and provenance especially for long-term ecological databases, data policies and the
relationship between data types and potential data analytics and predictive products.
Recommendation 6. Increase the diversity of the Expert Panel for drafting the investment plan by
engaging biotic ecosystem/ecological modelling scientists who specialise in
forecasting change in threatened species, non-threatened species, ecological
communities and ecosystems in response to rapidly changing pressures and
who have knowledge of infrastructure design and use.
The next step has the Expert Panel collating and analysing consultation responses and submissions
to develop a first draft of an investment plan for feedback by the Australian Government
Department of Environment and Energy. The NEPS user community (including prediction
scientists, data analysts and environmental decision makers) is an important theme of the
investment plan yet there does not appear to be an opportunity for them to respond to the draft
investment plan or understand how their input has been captured by the Expert Panel. For
community-inspired infrastructure it is critical that they are engaged at key decision points in the
process. Opportunities for increased engagement is a must as TERN in passing has indicated
attendance at some consultation events by biotic prediction scientists from universities
particularly has been underwhelming, leading to possible consultation responses about the NEPS
system design being biased by ‘voices of the loud minority”.
Recommendation 7. Provide feedback to participants of consultations and submissions detailing
how their input has been addressed in the investment plan.

Evidence indicates that about a third of landscape and environmental management infrastructure
(e.g., information systems, decision support systems) ceases operation and of those that remain in
17

use, only about 50% are updated18. These findings were reported for an 8-year survey period of
European infrastructure. It is critical investors are fully aware of the investment risks of audacious
infrastructure described by the NEPS system design. The lessons learnt in building failed and
successful environmental infrastructure must be outlined in the investment plan and explained as
to how the proposed NEPS will avoid a similar fate. If some risks are unknown uncertainties in
implementing NEPS, then the solution for dealing with these must be outlined too. To build
confidence in proposed NEPS investment by the investors and the ecosystem science community,
the NEPS system design and investment plan must be peer reviewed by international scientists
and practitioners involved in ecological and long-term infrastructure (e.g., Bill Michener1920, Henry
Loescher21 and others from as NCEAS, the German Biodiversity Synthesis Centre, The University of
Sydney Centre for Translational Data Science and Data Analytics for Resources and Environment
Centre (DARE) before a final Investment Plan is submitted to potential investors.
Recommendation 8. Contract reviewers from the Ecological Forecasting Initiative, any one of the
leading ecology synthesis centres in the world such as NCEAS, the German
Biodiversity Synthesis Centre , or data analytics and modelling experts such
as The University of Sydney Centre for Translational Data Science and Data
Analytics for Resources and Environment Centre (DARE) to obtain feedback
on the draft Investment Plan before submission the Australian Government.
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Appendices
Appendix 1a. Criteria used to review the utility of available biodiversity information data sources. (after
OEH and CSIRO, in lit. 2018)
Criteria

Description

Accessibility

Are the data accessible to multiple stakeholders and not limited only to OEH
staff22?

Location

If the data are available through a source other than the OEH Data Portal, what
is the URL for that data source?

Form

What form do the data take (e.g. data set, report, data base, or descriptive)?

Structure

Are the data structured as vector, grid, table or some other form with or
without spatial reference?

Resolution

What is the spatial resolution, extent and coverage of the data?

Sensors

What remote sensors, if any, were used to capture the data?

Temporal Coverage

What are the start and end dates and the frequency of collection?

Ecological variables

Do the data address State, Pressure, Response, or Benefit variables?

Essential Biodiversity
Variables

Which of the six EBV Classes (Pereira et al., 2013) do the data address and to
which of the 22 Candidate EBVs identified by Turak et al. (2017) do the data
correspond?

22

In line with NSW Information Management Framework end products need to be accessible and the process by
which they are derived/developed be transparent, see https://www.finance.nsw.gov.au/ict/priorities/managinginformation-better-services/information-management-framework
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Appendix 1b. Indicator evaluation criteria to meet specific requirements of the Biodiversity Conservation
Act 2016. (after OEH and CSIRO, in lit. 2018)
Evaluation criterion

Description and objective

Generality

Indicators should (as far as possible), be cross-cutting and relevant/applicable to
each biodiversity or ecosystem feature type

Measurable

Indicators should be measurable with existing data and support existing programs
where possible

Unambiguous

Indicators should have good statistical properties that allow unambiguous
interpretation

Scalable

Indicators should be representative across temporal and spatial scales

Predictable

Indicators should have low variability in response and a known response to
pressure

Simple

Indicators should be easy to interpret and understandable by lay persons and
should be reproducible and have transparent calculation

Transparent

The process of generating the indicator needs to be thoroughly worked through
and clearly communicated to enable a general understanding and acceptance by
the public

Sensitive and
anticipatory

The indicator needs to be based on measurements and observations that are
responsive to change over 5 years and should provide an early warning of change

Trend

The indicator needs to be able to quantify status and trend, providing a time series
or trajectory (enabling hindcasting and forecasting) with a demonstrated
unambiguous relationship between indicator change and indicator value

Reliable

The indicator needs to be able to articulate uncertainty (for decision makers)

Robust

The data underlying the indicator needs to be robust to changes in indicator
method (changes in future refer to key objectives: i.e., biodiversity and ecological
integrity)

Scientific rigour

Should be defensible; should use quality data and be supported by the best
scientific knowledge

Specific

Should have an articulated causal pathway to the relevant essential variables

Cost

Should be cost-effective to collect on an ongoing basis
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Appendix 2. Grand challenges for effective environmental management in Australia
A. Integrating ecosystem management with human social systems
1. What integrated strategies and tools will help support adaptive management of socioecological systems undergoing rapid change?
2. How much change in different ecosystems can be tolerated in the cycling of carbon, nutrients, water and in biodiversity, if socioecological resilience is to be
maintained and ecosystem services are to continue being delivered, and at what point should management aim to effect transitions to new states if
maintenance proves impracticable?
3. How can natural ecosystems be valued such that financial incentives encourage their maintenance and the external environmental costs of primary
production are incorporated into the prices of goods?
4. How does knowledge of the relationships among human population size, economic systems, technology, institutions, ecological footprint and environmental
change need to be expressed to help society define sustainability goals?
5. How can data sets be rigorously gathered, analysed and reported to establish environmental trend, critical thresholds and feedbacks to environmental
decision makers?
B. Climate Change
6. How can the global circulation models that are used to predict climate change be down-scaled to match ecological responses at the landscape level in
Australia?
7. How can potentially non-linear responses to climate and substrate, and biotic interactions, be better understood and incorporated into improved analysis of
ecosystems and distribution of species?
8. How can management attempt to withstand unwanted effects in ecosystems undergoing change in composition, and at what point should it attempt to
provide options for ecosystems to adjust to new states?
9. How can we devise and implement an Australian early detection system for potential invaders (including new weeds, pests, pathogens and diseases as well as
genetically modified organisms and native species, and a response system based on prediction of likely entry, establishment, spread and impact?
10. What alterations in fire regimes are likely with climate change, and what interventions would be practicable for the maintenance of biodiversity and
ecosystem function?
11. How will alterations in extreme events interact with changes in ocean circulation and production to modify marine ecosystems and biodiversity under climate
change, and how might management respond?
12. What environmental impacts on production and resource-use systems are likely from shifts induced by climate change, where will they occur and how could
their location and extent be managed to satisfy both environmental and production objectives?
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Appendix 2. Grand challenges for effective environmental management (continued)
C. Ocean acidification
13. How and where will acidification interact with other climatic changes (e.g. increasing ocean temperatures) to change ecological function in marine
ecosystems, and how might management counter the effects?
14. Will buffering from existing coastal ‘carbonate’ structures and coral reefs diminish as a result of rising acidity, what would be the implications for biodiversity
and for physical protection and how might management counter the effects?
D. Coastal inundation
15. How will coastal ecosystems respond to the direct effects of sea level rise, to the indirect impacts of reduced reef accretion and changing sediment, nutrient
and salinity regimes, and to feedbacks between ecosystems and physical processes?
16. How will key fishery species be affected by changes to nursery grounds as coastal ecosystems undergo reorganization?
17. How will Australia’s coastal aquifers and groundwater resources respond to sea level rise through effects such as saltwater intrusion, and how can water
quality be maintained under these conditions?
E. Alteration, degradation and replacement of natural habitats
18. What ecological processes can be manipulated to reverse and restore the loss of biodiversity and ecosystem function in degraded landscapes, and in particular
how can connectivity best be managed to prevent further loss?
F. Invasive species (see Q.9)
G. Altered fire regimes
19. How can the interactive impacts on biodiversity and ecosystem function of altered fire regimes and natural resource use be quantified and incorporated into
policy and management?
H. Water use, extraction and management
20. How can we design and implement environmental flows to ensure resilience of rivers, wetlands and estuaries, in light of changing climate, shifting patterns of
land use and native vegetation, and changing human demands?
I. Urban development and industrial pollution
21. How can urban and peri-urban intensification be designed to allow both for adaptation of human settlements to climate change and improved environmental
management?
22. How can ecological knowledge be incorporated more intimately into industrial life cycle analysis, recycling and water re-use?
After Morton et al 2009, Australia Ecology, 34 (1):1-9.
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Appendix 3a. An evidence-based (science) workflow for environmental forecasting and decisionmaking

(Modified after Chabbi et al., in Terrestrial Ecosystem Research Infrastructure, p. 3-23.)

Appendix 3b. A high-level scientist’s view of system engineering approach to distil grand
challenges and hypotheses into tiered requirements and, conversely how the flow of
information can be used to address grand challenges

(after Loescher et al. (2017) on NEON in Chabbi et al., Terrestrial Ecosystem Research
Infrastructure)
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Appendix 4a, b. An example of how the evidence-based workflow for environmental forecasting and
decision-making using the food production example in the Critical Analysis section of the Ecosystem
Science Council’s submission helps to identify grand challenges
(a) Grand challenges that the NEON planners took 10 years to develop using subdomain committees
of the ecosystem science community.

(b) Key questions framing continental-scale ecology to meet societal imperatives distilled from the
grand challenges above.
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Appendix 4c. An example of how the evidence-based workflow for environmental forecasting and
decision-making used the food production example in the Critical Analysis section of the Ecosystem
Science Council’s submission leads from questions to forecasting to actionable products for
environmental decision-making.

modified after Schimel et al (2011), 2011 Science Strategy -Enabling continental-scale
ecological forecasting, 54 pp.
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