
Citation: Martin, R.D.; Lindenmayer,

D.B. Applying the Precautionary

Principle to Hidden Collapse.

Sustainability 2024, 16, 3904.

https://doi.org/10.3390/su16103904

Academic Editor: Georgios Koubouris

Received: 7 December 2023

Revised: 27 March 2024

Accepted: 27 March 2024

Published: 7 May 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Applying the Precautionary Principle to Hidden Collapse
Rhett D. Martin 1,* and David B. Lindenmayer 2,*

1 School of Law and Justice, University of Southern Queensland, Toowoomba 4350, Australia
2 Fenner School of Environment and Society, Australian National University, Canberra 0200, Australia
* Correspondence: rhett.martin@unisq.edu.au (R.D.M.); david.lindenmayer@anu.edu.au (D.B.L.)

Abstract: There is growing evidence around the world of serious decline in biodiversity requiring
urgent application of precautionary risk management. A better regulatory regime for precautionary
management of long-term risk is now an urgent priority. This article addresses the prioritization of
long-term risk management by examining risk management of ecosystems that may be experiencing
hidden collapse. Hidden collapse refers to the existence of environmental indicators indicative of
future collapse of forests, even though the forest appears intact and not at risk of ecosystem collapse.
Professor David Lindenmayer and Dr Chloe Sato (Lindenmayer) first identified hidden collapse in
2018 in Mountain Ash forests of Victoria, Australia. The risk of hidden collapse represents a long-
term environmental threat and is a potential trigger for application of the precautionary principle
(principle). Implicit in hidden collapse are two preconditions for application of the principle; the risk
of a serious or irreversible environmental threat, and the existence of scientific uncertainty about
the nature of the risk. Despite hidden collapse satisfying these essential preconditions for applying
the principle, decision makers did not apply it in respect hidden collapse of Mountain Ash forests
in Victoria. This article considers the current status of the principle in regulation and how it can be
adjusted to address long term environmental risk.

Keywords: precautionary principle; sustainability; risk management; long term criteria and indicators
of sustainability

1. The Principle and Hidden Collapse

The principle is used as a regulatory mechanism to apply precautionary measures
where there is the threat of serious risk to the environment or human health, and scientific
uncertainty about the extent of that risk [1]. Versions of the principle vary across jurisdic-
tions; however this article adopts the following as applied to environmental risk: ‘. . .if
there are threats of serious or irreversible environmental damage, lack of full scientific
certainty should not be used as a reason for postponing measures to prevent environmental
degradation [2]. This construction establishes two preconditions for application. The first
is a threat of serious or irreversible environmental damage, and the second, a lack of full
scientific certainty. Where these preconditions are met the decision maker should take
precautionary measures to prevent environmental damage.

Whilst the principle has widespread use, this article argues for a fundamental change
in how it is used in regulation to address long term environmental risk. The aim is to
provide a more rigorous framework for the incorporation of science, particularly through
the use of criteria and indicators (criteria) of sustainability in regulation. By incorporating
criteria in this way, in conjunction with regulated methodologies addressing when and
how to apply the principle, it is more likely that hidden collapse identified by Lindenmayer
will be dealt with. Hidden collapse refers to an appearance of an extant forest ecosystem,
but in reality is experiencing an extended period of decline, with a consequent projected
failure to recover dominant ecosystem components. Given the urgent need to protect
biodiversity around the world, it is essential that there is adequate regulatory response
to the risk inherent in hidden collapse. This risk is not being properly dealt with by the
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current use of the principle in regulation. Accordingly, it is important to reconsider some of
the difficulties presented by the principle from a regulatory perspective.

A motivation for this paper is the importance of research about identifying early
warning indicators of future collapse as essential for monitoring the state of degraded
ecosystems [3]. Regulation needs to address a response to the presence of early warning
indicators detected in forests and other ecosystems. Lindenmayer’s work on hidden
collapse in Australia’s mainland Mountain Ash forests raises complex issues about when
and how to apply the principle when actual collapse has not yet occurred. In that respect
there are many challenges in regulating the principle. These include definitional issues
surrounding what amounts to a serious environmental risk, determining the extent of
scientific uncertainty and identifying when to trigger application. There is also debate over
how the principle affects the balance between development and ecological protection [4].
On one hand the principle is seen as stifling development and unscientific in its scope, whilst
others argue it is an important protection for the environment and human health [5]. This
divergence of view is fueled, in part, by different definitions, applications and interpretation
of the principle between stakeholders and experts. These differences are also driven by the
view that being overly cautious may result in more societal harm [6]. The divergence is also
driven by debate over how to treat scientific uncertainty surrounding environmental risk.

Literature on the principle is diverse encompassing law and policy and different
sectoral applications [7]. Whilst some of this literature covers practical challenges in
knowing when and how to apply the principle, there is little to address how the principle
applies to long term environmental risk. This places some focus on how administrative
decision makers apply or do not apply the principle. Where the principle is included into
legislation without regard to administrative decision-making processes, problems arise
from different interpretations about the timing and nature of the precautionary management
response. These application challenges are exacerbated by differences in defining what
amounts to scientific uncertainty and serious environmental risk across different risk
scenarios, the administrative environment in which decisions are made and the inherent
gap between policy and practice. A mandatory requirement to apply the principle may not
guarantee application even with clear evidence of a serious environmental threat and this
has been highlighted in recent Australian case law [8].

A brief history of the principle does provide some context to the application chal-
lenges. The principle derives from West German law in the 1970s which required the ‘early
detection of dangers to health and [the] environment,’ and taking actions to protect the
environment despite scientific uncertainty about the nature of the risk [9]. During the 1980’s
the principle started to have a higher profile in international environmental law, especially
after inclusion in various international agreements [10]. For example, the principle was
included in the Rio Declaration on Environment and Development in 1992 [11]. These
international developments gave the principle a high-level legitimacy, and also encouraged
application of the principle into domestic law [12].

The principle was seen from the 1990s as the basis for a more sophisticated response
to scientific uncertainty [13]. The principle started to be viewed as a response to an over
reliance on ‘sound science’ as the basis of public policy [14]. Establishing scientific certainty
may not be possible, so addressing scientific uncertainty is, at least, acknowledging the
problem of uncertainty and not allowing it to derail precautionary responses. The 1990s also
saw the principle discussed in the context of aligning public policy and law [15]. Often the
inclusion in policy was in the context of using it as a guiding decision making, such as the
Australian example in the National Strategy for Ecologically Sustainable Development [16].

The foregoing developments highlighted that use of the principle involves multiple
stakeholders who may not agree as to when and how to apply the principle [17]. This has
led to debate over the appropriate regulatory strategies in addressing the when and how of
applying the principle in the presence of scientific uncertainty [18]. The complexity of this
application challenge is reinforced by the context in which the principle may be used. Much
of the literature, for example, analyses application of the principle across different context
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such as protection of the commons [19], transnational trade disputes [20] and international
biosafety agreements [21]. These applications highlight the principle can be applied in
diverse contexts, each having their own issues surrounding when and how to apply it.

Whilst use of the principle is now widespread, some critics identified practical issues
surrounding both form and application. For example, some argue the principle has a
no-risk and ‘science-light’ base which implies it does not do what it is meant to do, which
is to address risk in the context of scientific uncertainty [22]. In practice, however, science is
often a key focus, such as in the EU where science is seen an important factor in regulatory
decision making [23]. Another criticism is the principal does not provide clear guidance to
decision-makers [24] and lacks internal coherence which is referring to both definitional
and structural issues with the actual words used in regulation [25]. Further, some argue
the principle justifies arbitrary action allowing decision-makers not to rely on facts when
making decisions [26]. The foregoing criticisms have a common theme relating to problems
of when and how to apply the principle across diverse risk scenarios.

The inherent complexity of the principle focuses attention on institutional decision
making, and its capacity to address this complexity [27]. Decision making can occur at
different administrative levels, such as ministerial, elevated level departmental or at a
lower level, such as a compliance and enforcement unit within a government department
or operational staff undertaking extraction of a natural resource. Each administrative
level may have different perceptions of risk, which increase the importance of having a
regulatory framework for managing risk perception, whilst also taking account of scientific
uncertainty. This framework requires balancing the degree of scientific uncertainty against
the seriousness of the risk, within the context of administrative decision making [28].
Decision making that accounts for scientific uncertainty, by definition, must contain some
methodology on processing scientific information at a departmental level [29]. Where there
is no clarity over how science is used in departmental decision making, this increases the
chance the principle is not properly applied [30].

Procedures for reviewing science data on environmental risk should be included in
regulation, and not be left solely to discretionary decision making. This requires some clarity
over what a sufficient evidential threshold is to trigger application. This means sufficient
evidence on the environmental risk and the threshold relating to scientific uncertainty.
This article considers both evidential thresholds in the context of long-term environmental
risk and the type of precautionary response proportionate to the level of risk within
long term risk scenarios. Implicit is the need to specify who is responsible to make this
decision, which, in the context of public forestry, must be the department and/or the
producing authority, responsible for harvesting. These decisions must all be decided
within a particular administrative context [31]. The administrative context will vary across
jurisdictions and between different natural resource sectors. Whilst it is not possible to
address diverse administrative context, this article does establish a generic administrative
process for decision making that is likely to be adaptable to most resource sectors across
jurisdictions.

The procedure for reviewing scientific data must be sufficiently adaptable to address
long term risk scenarios [32]. The precautionary response might require an extended time
frame in effectively managing the forest estate to account for gradual changes that need
monitoring over time. Biodiversity management in the long-term risk scenario envisaged
herein may require cross sector and departmental interaction, which means many practical
complexities in gaining their alignment [33]. Addressing adaptive decision making in an
administrative context, especially with the aim of ensuring transparent public discourse,
will be complex when responding to a long-term risk scenario [34]. Consequently, reviewing
scientific data on long term environmental risk requires a firmer legislative footing, with
some prescription over the review process.

The foregoing suggest the need for a rethink how the principle is regulated as part of
a new regulatory framework to prevent ecosystem collapse and provide rapid action to
identify and reduce long term environmental risk [35]. This ‘new framework’ requires a
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change in regulating the principle to address risk of ecosystem ‘hidden collapse’ defined
by Lindenmayer which is a category of long-term risk identified in Mountain Ash forests
in Victoria, Australia. The impetus for this suggested change arises from their view on
the absence of, further attempts to implement legislation or policy that appropriately
protects trees, stabilizes the ecosystem or reverses the risk of ecosystem collapse. For
this analysis, the main arguments supporting the identification of hidden collapse are
summarized in succeeding paragraphs of this section. The aim is to provide context to
suggested application and implementation methodologies for application of the principle,
discussed in Section 6.

In respect to the identification of hidden collapse, many past accounts of forest collapse
are mainly post hoc with limited empirical descriptions of ecosystems in the process of
collapse [36]. A post hoc account, therefore, does not account for the processes leading
up to collapse and may overlook factors identified in hidden collapse. Lindenmayer
explains the hidden collapse trajectory as an ecosystem that superficially appears intact, but
after a prolonged period of decline coupled with long lag times for recovery of dominant
ecosystem components mean that collapse is almost inevitable. This view highlights
hidden collapse as scientifically evident, although not readily apparent, requiring earlier
intervention than the forest appearance suggests.

The identification of hidden collapse differs from other identified collapses, such as
collapse in fish stocks. The latter has been postulated in one study, as an abrupt change
after a prolonged depletion in stock [37]. In another, peer reviewed study, a fish stock was
defined as collapsed if its minimum annual biomass fell below 20% of the biomass necessary
to support maximum sustainable yield [38]. In both cases the collapse is not ‘hidden’ but
readily apparent by either an abrupt change after a prolonged period of depletion, or a
fall in biomass that prevented obtaining maximum sustainable yield. By contrast, hidden
collapse is identified by a decrease in key environmental indicators in an otherwise extant
forest. Thus, hidden collapse within an extant forest cannot be seen as similar to a collapse
in fish stocks in terms of identifiable factors in the actual collapse scenario.

According to Lindenmayer, hidden collapse is marked by changes in ecosystem con-
ditions, ‘particularly the rapid decline in populations of keystone ecosystem structures,’
which include organisms, nutrients, and physical features of the environment. This collapse
scenario is characterised by a marked difference between the actual trajectory of the ecosys-
tem, and political and forestry projections of the same system. The difference potentially
results in a failure by regulators to recognise the problem and ensure adequate populations
of old growth cavity-producing trees and cavity-dependent species. The precarious state
of an ecosystem subject to hidden collapse is often exacerbated by an overcommitment of
resources and a realisation that comes too late for preventative action.

Identification of hidden collapse by Lindenmayer is based on empirical findings on
the status of Mountain Ash forests in Victoria, Australia. This includes data from multi-
faceted long-term empirical studies of Mountain Ash forests in south-eastern Australia
conducted by Lindenmayer and his research team. Lindenmayer’s empirical analysis
included assessment of current and projected decline in populations of large old cavity
trees, and their alignment with projected decline in cavity-dependent fauna. Changes in
the number of old cavity trees is an indicator of biodiversity and ecosystem health, given
their impact on tree germination and seedling recruitment, contribution to carbon storage,
the water cycle, and fire dynamics. The findings highlighted a 50% decline in populations
of large old cavity trees in affected regions between 1997 to 2011, and a projected decline of
less than 10% of 1997 populations by 2067. Lindenmayer also noted declines in arboreal
marsupial and bird biodiversity with a 50–65% decline in site occupancy for arboreal
marsupial species dependent on large old cavity trees [39]. The projected hidden collapse of
the Mountain Ash Forest ecosystem manifested (in part) through changes in key ecosystem
structures, in particular old cavity trees that provide crucial habitat for cavity-dependent
species. The predictions of decline are likely to be less than actual decline, due to not fully
including all climate change effects. The predictions of decline highlight the adequacy of
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Victorian protected regions for forest dependent fauna [40]. Three key drivers of these
habitat changes are the interaction of fire, logging and climate change, which collectively
push the Mountain Ash ecosystem toward hidden collapse. Lindenmayer emphasises the
cumulative effects of the interaction of these drivers of collapse, and how the risk outcomes
require targeted management intervention. Multiple interacting drivers of change, linked
with long recovery times of key ecosystem components (like old cavity trees) is masking
collapse and delaying management intervention, which together render collapse inevitable.
Whilst acknowledging the complexity of averting the risk of collapse, Lindenmayer argues
for limitations on logging and a corresponding reduction in sustainable timber yield, whilst
at the same time increasing the extent of protected areas [41].

Lindenmayer acknowledges they were unable to determine, even with long term
monitoring, the point in time when the Mountain Ash system began to collapse. This
acknowledgement highlights a degree of scientific uncertainty, which is a precondition for
applying the principle. Despite the inability to find the beginning point of collapse, Lin-
denmayer concludes the identified indicators show the Mountain Ash ecosystem as going
through a process of collapse which is ‘hidden’ in the sense collapse is not yet identifiable
as completed. Complete scientific certainty in this context is arguably unattainable [42].
Scientific method usually relies on empirical enquiry, which cannot necessarily guarantee
a level of proof that accords with a legal standard, such as beyond reasonable doubt [43].
Hidden collapse, therefore, represents a challenge for decision makers given this type of
scientific uncertainty. Dealing with this challenge requires decision makers to deal with
long term collapse scenarios after taking account of indicators that identify a process of
collapse. The proposals outlined later in this paper seek to address this process.

Can the proposed changes provide legal certainty in preventing hidden collapse?
Whilst legal certainty cannot be guaranteed, this article argues it is possible for regulation
to provide a greater level of certainty in preventing hidden collapse. Methodologies for
triggering application of the principle and the precautionary response are recommended
for inclusion into regulation. With this inclusion, a procedural process must take place that
weighs up the level of risk to the environment, and the level of scientific uncertainty. These
methodologies take account of both of these preconditions. With scientific uncertainty,
for example, the methodology accounts for the differences in assessment of risk levels
associated with hidden collapse. There is a current divide between leading forest ecologists
about the true level of risk presented by hidden collapse. A leading forest ecologist criticised
the hidden collapse findings, albeit not in a scientifically rigorous way [44]. Professor
Rod Keenan, from the Melbourne University School of Forest Sciences, questioned the
methodology used to identify hidden collapse [45]. His main argument is the hidden
collapse hypothesis relies predominantly on the number of old trees in the forest. He argues
government datasets show the Mountain Ash forests can recover and animal numbers
have not fallen as much as claimed [46]. Lindenmayer, by contrast, presents empirical
data identifying hidden collapse in Mountain Ash forests, and predicts the probability
of collapse at approximately 90% in the next 50 years. These contrasting positions are
examined under the proposed decision-making process, using the latest scientific evidence.
Fundamental to increased certainty in preventing hidden collapse is regulation including a
trigger for application. The principle is no longer subject to the vagaries of departmental
decision making, and now requires a specific administrative process.

The forgoing discussion on application of the principle to the hidden collapse scenario
does not preclude a wider application across other types of environmental risk. Regulation
that adopts a trigger for application and precautionary response methodologies encom-
passes both short term and long environmental risk, able to respond across temporal and
spatial variation. A regulatory process to weigh up the level of environmental risk against
the degree of scientific uncertainty is arguably more responsive to long term risk scenarios
but does not preclude a response to short term or ‘one off’ environmental risks. The reason
for widespread responsiveness across diverse risk scenarios is discussed in this paper and
relates to a broader regulatory set of inclusions for both the trigger and precautionary
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response mechanisms. These inclusions mandate a high level of deliberative decision
making. A generic model is proposed for both the trigger and precautionary response
methodologies that is adaptable across jurisdictions and between both natural resource
and conservation sectors. The initial focus on the Australian Mountain Ash Forest hidden
collapse scenario is designed to look at long term environmental risk, the same weighing
up of environmental risk with scientific uncertainty can apply to other risk scenarios. What
is proposed is an adaptable model that ensures administrative decision-making across all
environmental risk scenarios.

The need for a new way to deal with precautionary environmental risk management
has never been greater. The work of Lindenmayer in identifying hidden collapse helps in
constructing a new regulatory response to long term environmental risk. Lindenmayer’s
work identifies empirical findings of long-term identifiable ecosystem collapse, which
can be the basis for a rethink in how the principle is regulated. Whilst Lindenmayer is
not the first to identify collapse in natural ecosystems [47], they are the first to address a
methodology for how to predict long term collapse in forest ecosystems. By highlighting
how an extant ecosystem may still exhibit indicators of impending collapse, even though
collapse is not obvious to non-scientific observers, Lindenmayer has sounded a warning
about the massive loss of biodiversity taking place across the world. As a result of this
body of literature, the author considers a review of the principle is necessary to address
large-scale biodiversity losses and the risk of hidden collapse.

Section 2 discusses the conceptual underpinnings of the views advanced in this article.
Section 3 examines issues associated with regulating risk perception. This has particular
relevance to the hidden collapse scenario where there may be a failure to perceive any
long-term risk. Section 4 examines how the principle is regulated in the Victorian jurisdic-
tion where hidden collapse was first identified. The case study is designed to highlight
problems in simply placing the principle into regulation without regulating on administra-
tive decision making. Section 5 provides a comparative assessment of two methodologies
where the principle is used in an administrative context, albeit with clear differences in
how this is done. The aim here is to provide some context for later discussion of how
administrative decision making could address the hidden collapse scenario. Section 6
details the regulation of methodologies designed to address long term risk perception and,
in doing this, manage hidden collapse risk. Finally, Section 7 provides a brief conclusion
designed to summarize the key issues considered in this article.

2. The Conceptual Framework

A conceptual framework is designed to map the study and guide how data is used
and interpreted [48]. The conceptual framework allows the researcher to draw conclusions
after taking account of variables in the study and the interplay between them. The aim
is to define the approach taken in modelling of the precautionary principle to address
hidden collapse. It is necessary to look at relationships and connections between various
concepts and variables. Understanding causality in the relationships and connections from
a regulatory perspective is a key consideration. Whilst this may involve consideration of
theoretical underpinnings, it is not necessarily dependent on them. What is more important
is the placement of science inputs into the regulatory mix, and this is not a theoretical
construct. The conceptual emphasis is on the relationship between science-based indicators
that are triggering a regulatory response. Scientific inputs are considered here as the main
variables that must be addressed in regulation for application of the principle. Discretionary
decision makers may not analyze scientific data in a way that produces consistent results.
Data relating to hidden collapse may be particularly vulnerable here since a decision maker
may not be able to address long term projections in a meaningful way. The chance of
getting this type of decision maker to proactively address hidden collapse by applying
the principle may be limited. The conceptual framework, therefore, is setting out how
long-term projections can be addressed in applying the principle.
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The foregoing discussion highlights the key variable are the environmental indicators
indicative of hidden collapse, the science associated with these variables that demonstrate
the environmental threat, existential risk such as fire and logging that may reduce the
resource base and reinforce the hidden collapse outcome and the resources necessary to
address the proportionate precautionary response. How these variables are addressed,
particularly the environmental indicators of hidden collapse, become crucial in responding
to long term risk. The overview of the literature in Section 1 and the problems of regulating
risk perception discussed in Section 3 highlight the ‘implementation challenge.’ This chal-
lenge could be described as a problem of getting decision makers to think long term and,
in the process, address the science around environmental risks in a more rigorous manner
when making decisions. In order to address the factors implicit in the implementation chal-
lenge, this article argues it is necessary to legislate trigger and application methodologies
that effectively ‘force’ decision makers to take account of these variables in a systematic
and transparent way. The inclusion of trigger and precautionary response methodologies
provides prescriptive guidance at an administrative level for applying the principle and
determining the proportionate response to the level of environmental risk.

The conceptual framework uses environmental and sustainability criteria and indica-
tors (criteria), relevant science and existential threats to the resource base, such as drought
or fire, to examine the risk of long-term environmental risk, including hidden collapse. The
combination of criteria and science represents a challenge for regulatory design. This article
advances the proposition that it is no longer possible to leave decisions about long term
environmental risk simply to the whim of discretionary decision makers. Conceptually,
this means constructing a regulatory framework that guides the decision-making process
to use data from available science proactively, within a defined administrative structure.
Whilst the proposed regulatory framework cannot presume a particular administrative
structure, it can still guide the decision-making process within such structures.

The use of criteria in conjunction with science presents some conceptual questions
for regulation to address. What criteria and science data triggers application of the princi-
ple? When triggered, how is criteria and science used in constructing the precautionary
response? Once identified, how should this appear in regulation in a way that guides
decision makers to address long term environmental risk? These questions require greater
levels of prescription than a simple mandatory rule to apply the principle. Yet too much
prescription is not necessarily a good thing if it leads to greater regulatory cost and the risk
of not aligning with particular administrative structures. Conceptually, a more nuanced
approach is necessary that balances greater regulatory prescription with a decision-making
process that can fit into most administrative structures, or at least be readily adaptable to
these structures.

To answer the foregoing questions regulation must address how decision makers
manage risk perception. Varying risk perception is problematic for applying the principle,
since it creates inconsistent application, especially when looking at long term environmental
risk. Managing risk perception is essential since decision makers will vary in how they
perceive the level of risk, making it is necessary to ensure the assessment of risk accounts
for science data on environmental risk based on relevant criteria. Where there is alignment
of science around criteria the assessment of risk will be based on a common pool of
information rather than ad hoc assessment based on incomplete or erroneous data.

Basing risk assessment around a prescriptive set of criteria provides some rigor in
the decision-making process. Conceptually, this requires understanding how regulation
can adopt use of criteria in a deliberative process for decision making on long term risk
assessment that can apply to most administrative structures. Looking at a comparative
assessment in Section 5 on two examples of use of the principle within administrative struc-
tures provides some context to the later recommendations in this article. It is essential, from
a conceptual standpoint, to incorporate the use of criteria within regulated methodologies
that address a trigger for applying the principle and also addressing the proportionate
response to the level of risk. The use of criteria in this way provides a clear basis for
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incorporating science into precautionary decision making to address the hidden collapse
scenario discussed in this article.

3. Problems in Regulating Risk Perception

The principle is concerned with managing environmental and other incidence of
risk [49]. The regulatory response will depend, at least in part, on a decision maker’s
perception of risk. Different risk perceptions will impact the extent of precautionary risk
control measures [50]. People have different perceptions of risk, for example, scientists may
disagree on scientific findings [51]. Risk perception of an expert may vary significantly
from the perception of a non-expert [52]. A risk to the environment may be perceived
differently given variations in thinking about nature’s resilience [53]. The last point involve
two sub-categories of risk perception; one is the extent of the environmental risk itself, and
the other is the extent of nature’s resilience. Differences in risk perception arguably requires
greater prescription in regulating the principle. The level of prescription could extend to a
process of risk assessment limiting subjective, and potentially inaccurate risk perceptions
by decision makers. This could avoid the problems arising in Environment East Gippsland
v VicForests, for example, where decision makers believed there was no risk at all, even
when presented with unambiguous evidence of the presence of endangered species in
regions subject to timber harvesting, which, in the context of the Victorian jurisdiction, is a
definite trigger for application of the principle.

Given different risk perceptions apply at a scientific level, it requires a regulatory
framework to properly account for this difference [54]. However, it is probably not helpful
to try to define what represents certainty from a regulatory perspective. Despite some
arguing a threshold of 95% scientific certainty is sufficient to establish a standard of ‘cer-
tainty’ [55], this still allows for 5% uncertainty, which may not be a safe margin with
some environmental risk [56]. The purpose of the principle is to manage a serious or
irreversible risk to the environment in the presence of scientific uncertainty, which requires
assessing the seriousness of the risk after taking into consideration the level of scientific
uncertainty. Serious risk to the environment and scientific uncertainty are described as
two preconditions for applying the principle [57]. A regulatory framework must account
for the foregoing matters whilst addressing scientific risk perception at an administrative
level. Whilst establishing the existence of scientific uncertainty is one of two preconditions
for application of the principle, it should not mean trying to establish sufficient scientific
certainty to preclude precautionary measures being taken.

Implicit with the foregoing considerations is an initial risk assessment based on
scientific evaluation. How this is to take place is discussed later in this article, with some
arguing risk assessment involves a focus on outcomes, since the aim is either a removal or
mitigation of the risk, which is inherently outcomes focused [58]. A regulatory framework
should facilitate the scientific evaluation process that accounts for likely outcomes of
regulatory intervention. An outcomes-based evaluation in regulation could involve three
stages; (1) the identification of potential outcomes, (2) estimation of the magnitude of
these outcomes; and (3) probability of the realisation of the outcomes. Each of these
stages involves some scientific assessment which may be time and resource intensive,
thereby potentially increasing regulatory cost. In order to limit this burden, the regulatory
framework must contain methodologies that includes guidance on how scientific data is
interrogated. An absence of a scientific data review methodology in regulation would mean
the data review is simply a discretionary exercise without any form or substance, or even
any guarantee a decision is actually made.

The proposed methodologies on when to apply the principle, and the proportionate
response to level of risk, require a cost-benefit assessment enabling a ‘full accounting of the
consequences of risk reduction, in both quantitative and qualitative terms’ [59]. The cost-
benefit assessment evaluates whether the expected benefits of risk control options outweigh
the expected costs. This assessment could include non-economic values, including the
benefit of environmental protection, since that is the primary focus of the principle. Where
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cost data is not readily available some estimates may have to be assigned to relevant costs
and benefits. The proposed methodologies contain guidelines weighing up data inputs
according to cost. Without a regulatory framework to weigh up the cost and benefits of
options, decision making is at risk of being ad hoc, and potentially influenced by political
and economic interests [60]. The objective is to avoid the risk of regulatory capture by
these interests by ensuring an objective assessment of costs associated with a precautionary
measure. There is an additional benefit of a cost benefit analysis, which is to ensure an
objective assessment that helps address differing perceptions of risk.

Risk perceptions can also differ in respect to how well a particular precautionary
measure will control the risk. Different precautionary options associated with a particular
environmental risk, may create varying perceptions about their risk control efficacy. A risk
control ‘trade off’ arises in ranking levels of risk control efficacy in order to determine which
option maximizes benefit for the lowest cost. The key issue is to have a system for ranking
different control options to ensure the most efficacious and cost-effective precautionary
measure is used. Without a system for methodically assessing and ranking precautionary
measures, there is no guarantee that the principle will be properly applied.

The foregoing highlights the importance of regulating risk perception [61]. Perceptions
of risk will vary in relation to both the extent of environmental risk, and the effectiveness
of protection provided by different precautionary options. A methodology that includes
managing risk perception provides structure when making decisions in the presence of
scientific uncertainty. This variation in risk perception should be managed in regulation,
and not left solely to discretionary decision making. This is particularly necessary in
assessing long term risk embodied in the hidden collapse scenario.

4. Use of the Principle in Legislation—A Victorian Case Study

The inclusion of the Victorian case study provides a specific analysis of why there was
no regulatory response to identification of hidden collapse by Lindenmayer. Whilst this
case study is illustrative of problems associated with managing long term risk scenarios, it
is limited to issues unique to the Victorian jurisdiction. Despite this, the case study is an
example of a regulatory inclusion of the principle without taking account of administrative
decision making that weights up the level of environmental risk with the extent of scientific
uncertainty. The adoption of the principle in regulation without a broader accounting
for wider decision-making processes to address this weighing up may be part of other
regulatory frameworks. To that extent, the Victorian example provides lessons on the
limitations of a simple regulatory inclusion without clarity on the principle’s application
across diverse risk scenarios. Accordingly, this case study is designed to apply broadly
as an argument against regulation that has no support methodology for administrative
decision making.

The principle Is considered here in two contexts; the first is a comparison in Section 5 of
two regulatory frameworks applying the principle. This comparative study examines how
they address scientific uncertainty and manage the proportionate response to environmental
risk. The second context relates to hidden collapse discussed in Section 1. This discussion
draws attention to how the principle is regulated in Victoria by the Code of Practice for
Timber Production [62], and the Sustainable Forests (Timber) Act (Vic) 2004. Addressing
hidden collapse is vital given the alarming rate of biodiversity loss and the failure of
regulators to consistently apply precautionary risk management to manage ecological risk.
The lack of precautionary risk management to deal with widespread biodiversity loss
increases focus on the way the principle is regulated. The importance of better regulation
of the principle was recently highlighted in a submission from Environmental Justice
Australia to the Australian Federal parliament [63]. Given these contexts, this section
considers current use of the principle in the state of Victoria, where hidden collapse was
first identified.

Case law in Australia confirms that application of the principle in Australia requires
two preconditions. The first is a risk of serious or irreversible damage to the environment.



Sustainability 2024, 16, 3904 10 of 23

The second, a lack of scientific certainty as to the nature and extent of the risk [64]. Where
these conditions are satisfied, then precautionary measures proportionate to the risk should
be undertaken [65]. Where the risk is significant, then a greater degree of precautionary
intervention is needed [66]. If precautionary measures are not sufficient to remove or
contain the risk to acceptable levels, then it may be necessary for the proposed action not to
proceed [67]. The foregoing highlight a series of responsive measures necessary to address
various levels of risk. Despite this relatively clear agenda in using the principle when
responding to different risk levels, regulation is generally silent on how this is done. In
Victorian public forestry regulation, for example, there is no guidance on how to address
long term environmental risk. Taking precautionary measures to address hidden collapse
requires regulation that can provide a vehicle for decision makers to recognise and respond
to long term risk.

Current applications of the principle in Australian jurisdictions contain simplistic
mandatory obligations for applying the principle that do not account for long term envi-
ronmental risk. The Victorian case study is a good example of a mandatory requirement to
apply the principle, with no associated guidance on when to apply it and how to determine
the extent of the proportionate response according to the level of environmental risk. This
article argues that taking precautionary measures to address long term risk presents a
challenge in regulatory design at both the trigger for application and taking precautionary
response stages. Therefore regulatory methodologies are required for a trigger to apply
the principle and for determining the appropriate proportionate response. The proposed
changes incorporate use of scientific data at critical stages of precautionary decision mak-
ing. These changes are designed to have the potential to address long term ecological risk
implicit in hidden collapse.

Another issue in regulating the principle is who carries the burden of proof of a serious
threat to the environment. Carriage of burden of proof is especially problematic when it
comes to establishing long term environmental threats. The placement of the burden of
proof has been described as a ‘genuine political question as exists’ [68]. This placement
ideally should be informed by equity and fairness, as an expression of social justice. Shifting
burden of proof according to changing circumstances has been described as a positive for
democratic deliberation on risk. The issue in relation to long term environmental risk,
is the possibility of some initial report or investigation that highlights the potential risk
such as hidden collapse. This identification of risk may not arise from any particular
development activity and could relate to long term extraction of the natural resource.
At issue is the process behind moving the identification of environmental risk into a
decision-making process of precautionary risk management. Stakeholders must have some
form of compulsion to engage in deliberation about appropriate policy responses to long
term environmental risk, and even where a decision not to act is made, be compelled to
justify their decisions in both formal and informal arenas. Simply leaving such an issue to
departmental discretion assumes that the identification will result in some form of decision-
making process. Understanding how new methodologies deal with the initial identification
of risk and who has carriage of the burden of proof is examined further in Section 6.

In the interim and as a precursor to outlining these methodologies, it is instructive to
examine in more detail the current use of the principle in Victorian forestry regulation. This
examination provides context to why a mandatory application of the principle without
further regulatory guidance is not adequate to address long term risk. The Victorian
Sustainable Forests (Timber) Act 2004 (Act) s5 imposes a mandatory application of the
principle. Before discussing how this simple mandatory application of the principle is
ineffective to deal with long term risk, it is necessary to understand the purpose of this
Act. The Act’s purpose set out in in s1 (a) is to provide a framework for sustainable forest
management and timber harvesting in State forests. The management and harvesting is
meant to be in conjunction with other purposes including granting of long-term access to
timber resources in State forests (s1 (ab), and foster investment in, and return from, timber
resources in State forests (s1 (ac)). Whilst sustainable forest management and harvesting is
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the main objective, the other objectives suggest an economic emphasis. An economic focus
might influence how the principle is used, especially if use of the principle had a limiting or
restricting effect on economic activity. Thus, decisions about when to use the principle and
the nature of the precautionary response may be subject to the risk of regulatory capture
from interests associated with wood production [69]. In order to avoid regulatory capture
it may be preferable to have an arm’s length process for activating the principle.

The mandatory application of the principle in the Victorian jurisdiction arises under the
Code of Practice for Timber Production (Code). The entire Code has mandatory application
under the Sustainable Forests (Timber) Act. Thus, where there is a threat of serious or
irreversible harm to the environment, the principle must be applied. A failure to apply
the principle arose when there was unmistakable evidence of the presence of endangered
species at Brown Mountain, which should have been enough VicForests, the Victorian
government producing authority, to halt logging. This failure to apply the principle raises
serious issues including, the efficacy of a mandatory application of the principle without
further application guidelines, and the enforceability of the principle in the Code. The way
the principle appears in the Code, was shown by the Brown Mountain example, to have
a number of ambiguities in regard to who is responsible for its application, and whether
failure to apply the principle creates an actionable right to enforce its application.

The foregoing problems stem from the way the principle is set out in the Code. The
principle definition appears in the ‘Glossary’ as:

“precautionary principle’ means that if there are threats of serious or irreversible envi-
ronmental damage, lack of full scientific certainty should not be used as a reason for
postponing measures to prevent environmental degradation. . . In the application of the
precautionary principle, decisions by managing authorities, harvesting entities and op-
erators must be guided by: (i) careful evaluation to avoid, wherever practicable, serious,
or irreversible damage to the environment, and (ii) an assessment of the risk-weighted
consequences of various options.’

This definition has two instructions: (1) managing authorities and harvesting entities
and staff must provide ‘careful evaluation’ of risk to the environment, and (2) decision mak-
ers must make ‘assessment’ of risk-weighted consequences of options. The first guideline
refers to extent of the risk, and the second refers to evaluation of risk management options.
These provisions must be read in conjunction with clause 2.2.2.2 to in the Code which states:

‘The precautionary principle must be applied to the conservation of biodiversity values.
The application of the precautionary principle will be consistent with relevant monitoring
and research that has improved the understanding of the effects of forest management
on forest ecology and conservation values. . . Note: It is intended by the definition of
the precautionary principle and section 2.2.2.2 that the precautionary principle and its
application in section 2.2.2.2 be understood as it was by Osborn J. in Environment East
Gippsland Inc v VicForests [2010] VSC 335 (in relation to the precautionary principle as
it appeared in the Code of Practice for Timber Production 2007).’

The guidelines in the definition and clause 2.2.2.2 of the Code provide generalised
direction rather than prescriptive guidance for decision making. For example, there is no
guidance on what methodology is used to assess various options when making precau-
tionary decisions. The reference to what is ‘understood’ as set out by Justice Osborn’s
judgement in Environment East Gippsland v VicForests, does not clarify what is necessary
to consider in the judgement, which is problematic given the judgement is long and says
many things about the principle [70]. To reference a judgement in this manner is an abroga-
tion of drafting responsibility, and places far too much reliance on discretionary decisions
correctly interpreting Justice Osborn’s judgement. Some guidance in what the judgement
says about applying the principle is necessary. In its current form, the Code example leaves
a wide discretion that ambiguously references a judgement about when and how to apply
the principle.
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It is not surprising that hidden collapse identified by Lindenmayer did not induce
application of the principle in Victorian Mountain Ash forests. The mandatory application
in the Code has no trigger for application, provides limited guidance on when the principle
is activated and nothing on working out the proportionate response to the extent of the
risk. The Victorian case study provides an example of how current use of the principle
does not address the risk of hidden collapse. Its inclusion is designed to provide context
for more prescriptive guidance for administrative decision making to respond to this risk.
The Victorian case study, in identifying regulatory gaps and failure in responding to long
term risk, highlights the need to provide guidance in regulation to administrative decision
making. What follows in Section 5 is a comparative study that reviews two application
methodologies that address administrative context to decision making in applying the
principle. This discussion is designed to provide context for the later focus on regulatory
methodologies that provide guidance on when and how to apply the principle to address
the hidden collapse risk.

5. A Comparative Review of Two Application Methodologies

Section 5 contains two examples of application of the principle using prescriptive
methodologies. The first example, constructed from a theoretical research base, has a
number of implications for regulatory practices, requiring a sequential four step process
for specific inputs from decision makers in relation to managing scientific uncertainties
and risk associated with environmental problems. The second example is contained in
regulation, with a framework consisting of multilevel problem solvers and some emphasis
on a deliberative process in decision making. The aim of this comparative study is to
provide examples of prescription that could apply to the Victorian and other jurisdictions
to ensure better response capability for long term environmental risk.

5.1. The Deville and Harding Framework

Deville and Harding developed the first example [71]. This involves a decision-making
framework containing four sequential steps. Step 1 requires decision makers to apply the
principle by ranking the extent of the risk to the environment and certainty of that risk.
This means assessing whether there are threats of serious and irreversible environmental
damage, and then determining where the threat lies on a scale of seriousness and irre-
versibility. The assessment includes criteria such as, magnitude, longevity, manageability,
degree of public concern and spatial aspects of the threat. A second question asks how
certain the threats are to the environment. Decision makers must rank the adequacy of the
evidence the level of uncertainty and how it may be reduced. If a serious and irreversible
risk exists and the risk is ‘certain,’ then the principle must be applied. If the seriousness
of the risk and certainty is at issue then a review process may be necessary. Alternately,
decision makers may still proceed with the next three steps. The foregoing process involves
a ranking mechanism which could result in a lower ranking in terms of seriousness and
certainty, resulting in a possible review process or a decision not to apply the principle.

Step 2 asks, ‘how precautionary should we be’? The answer requires evaluating
the significance of the threat and the extent of scientific uncertainty. The latter requires
consideration of likely cause of the threat and its practical effect. This stage requires a
practical assessment of precautionary intervention to either remove or at least limit the
threat. Since this assessment requires expert analysis, and because input from the broader
community is required for both steps 1 and 2, it is arguable a more formal decision-making
process is necessary than simply leaving this to departmental discretion.

Step 3 (assessed in conjunction with Step 2) ask what precautionary measures can
be applied. This framework requires broad based thinking on available precautionary
measures which cover direct and indirect forms. A diagrammatic assessment on a four-
quadrant graph (see Figure 1) is made with the significance of the threat on a vertical axis,
against the degree of scientific uncertainty about the threat and its effects on a horizontal
axis. Placement on the graph is guided by rules, with the more significant threat requiring
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greater precautionary measures, and more uncertain the threat also requiring greater
precaution. Where the vertical and horizontal points intersect a threshold is reached for
‘serious and irreversible’ environmental damage and sufficient scientific uncertainty to
warrant application of the principle. The top left-hand quadrant is the most important for
application of the principle.
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Step 4 of the framework requires decision-makers to consider what precautionary
measures should be applied. This is distinguishable from Step 2 and Step 3, as it is asking
decision-makers to consider the range of options after taking account of economic and
social costs and other relevant principles. This step takes the level of precaution identified
in Step 2 and range of options considered in Step 3 and determines what should be applied
from that context.

The Deville and Harding framework requires decision makers to identify and charac-
terise scientific uncertainties within a deliberative process of cross disciplinary problem
solving and adaptive capability that addresses risk whilst still accounting for new scientific
developments. This framework has been described as a ‘deliberative constitutive theory of
administrative constitutionalism’. Its significance arises from its evaluative process rather
than from any inherent innovation and requires an administrative body with powers to
make adaptive decision making. These measures, involve deliberative decision making,
where threat is defined broadly and who is included in the decision-making process is
adjusted according to the type of threat. Decision makers must take care in defining and
characterising the threat, something highly relevant to identification of hidden collapse.
The process of defining and characterising the threat involves deliberative processes that
could consist of collaborative or adversarial assessment.

5.2. The European Union Framework

The European Commission’s Communication on the Precautionary Principle (Com-
munication) [72], uses a multi-level problem solving capability based on the idea that
administrative level decision makers are ‘instruments’ of the legislature conducting tasks
that have limits on administrative power [73]. Any discretion exercised is regulated by
rational science-based methodologies and seeks to control administrative action based on
rational processes. Decision makers undertake a three-step process involving a science-
based risk assessment, a political process of risk management and risk communication.
The risk management and communication steps relate to public accountability in decision
making, especially in circumstances where there is division between science and politics
and is designed to ensure decision makers do not usurp power. The Communication states
the principle only applies when a ‘potential risk’ and uncertainties surrounding it, are
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identified. The assessment requires reliable scientific data used to assess the likelihood of
risk occurrence and how severe the impact on the environment. The risk assessment is
defined in strict procedural terms covering hazard identification, hazard characterization,
appraisal of exposure and risk characterization.

The Communication has limited guidance on how scientific uncertainty is identified
and communicated in the risk assessment process. The Communication makes clear that a
careful assessment of scientific uncertainty is a separate process from the application stage.
The separation of the assessment of scientific uncertainty and the proportionate response
stages is acknowledged in the discussion in Section 6, as the preferred approach, given that
whilst they may impact and relate to each other, they must be assessed separately in the
decision-making process. To combine them in one stage creates a risk of the response stage
being muted by concerns over scientific uncertainty.

The Communication can be described as a prescriptive framework for decision mak-
ing in applying the principle. Discretionary decision making is therefore constrained
by methodologies that must be applied and which legitimises the decision made. The
methodologies deal with risk assessment and regulatory impact assessment. The legit-
imisation arises through the use of methodologies and a decision has increased ‘validity’
because the decision maker has followed a prescriptive process within their power to
make. This decision-making process, of course, assumes those methodologies will make
the decisions legitimate.

5.3. Comparing the Two Models

The Deville and Harding model and the Communication have some common features.
The first is both involve a prescriptive process of administrative decision making. Second,
each have a transparent process and inclusive process. The frameworks require decision
makers to use all relevant information, including scientific data and normative values.
Each framework can potentially result in a range of different precautionary measures. The
processes established by each framework is designed to legitimize decision making and
provide accountability in public administration. These frameworks run counter to those
who argue application of the principle is too arbitrary and does not properly include science.

The Deville and Harding Framework and the Communication differ in how they con-
ceptualize environmental problems. The Deville and Harding Framework conceptualizes
complex and potentially intractable environmental problems as requiring an institutional
structure adaptable to individual circumstances. The Communication conceptualizes envi-
ronmental problems as inherently manageable by use of methodologies in an institutional
framework that requires decision makers to conduct pre-ordained tasks. The Communica-
tion, therefore, appears more prescriptive in using methodologies with defined tasks for
decision makers.

The Deville and Harding Framework and the Communication also differ in how they
characterize the decision-making process. The former does not separate political and scien-
tific processes because it sees the complexity of these processes, especially in the context
of scientific uncertainty, require a unified approach. By comparison, the Communication
divides scientific and political processes to ensure decision makers conduct clearly defined
and separate tasks. The Communication, therefore, adds a layer of prescription by the
division between scientific and political processes.

The third difference between the Deville and Harding Framework and the Communi-
cation relates to the reasons for requiring inclusive and transparent decision making. The
former requires broader participatory decision making and transparency, where partici-
pants enter into an informed process of deliberation that allows for a fuller evaluation. The
Communication requires transparency primarily to demonstrate that decision makers have
conducted assigned methodological tasks. Participant involvement appears more focused
on registering their preferences for risk management than participating in a deliberative
and evaluative process.
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The fourth difference between the Deville and Harding Framework and the Com-
munication relates to how each regulates various aspects of the decision-making process,
resulting in different explanations for decisions. The former requires decision makers to ex-
amine the scientific uncertainties in any environmental problem and then carefully identify
and evaluate options that can be applied. Decision makers have a responsibility to show
how they have evaluated the environmental problem and then justify what methodologies
and measures are used to address the problem. This focuses on substantive reasons for
the decision and how they relate to the process of deliberation to address the problem.
In contrast, the Communication presumes a decision is valid if the decision maker has
adhered to a risk assessment methodology applying standards such as proportionality
and non-discrimination. A decision is justified and valid if it accords with a set method-
ology and standards. The Deville and Harding Framework is more likely to evaluate a
wider range of options, whilst the Communication may risk a decision that is relatable to
the methodology.

The final difference between the Deville and Harding Framework and the Communi-
cation relates to the inherent purpose of each framework. The former is seeking to address
the best approach to dealing with uncertain and complex environmental problems across
different legal and institutional context in Australian local, state, and Federal governments.
Step 4 of the Deville and Harding Framework requires a reconciliation of this difference
between these levels of government. The Communication is primarily concerned with
addressing accountability of European Union institutions [74], and WTO rulings, keeping
in mind the principle has a health focus in Europe [75]. This means the decision maker
must demonstrate compliance with legal obligations under European Union and WTO law
and does not demonstrate unconstrained power. These differences arguably highlight a
different application of administrative law and theory to public administration. However,
both frameworks appear to recognise the importance of science and inclusive participatory
processes, whilst defining their use differently. The difference relates to how each charac-
terizes public administration and the nature of environmental and health problems. The
foregoing comparative assessment is illustrated in Table 1 which summarises the difference
in approach.

Table 1. Comparative farmwork for models under review.

Deville and Harding European Union

Type of administrative
theory

Deliberative constitutional
framework Rational instrument based

Reason for framework
development

Use of the principle in diverse
institutional settings

Use of the principle to accord
with pre-existing legal obligations

Type of administrative
process

Deliberation with scientific
analysis

Some distinction between
scientific and political processes

Characterization of risk
regulation

Complex socio-political
assessment Use of methodologies

Decision making process Adaptable use of broad
deliberative powers

Rational methodology with a
limited set of tasks

Public participation Contribution to deliberative
problem solving

Assist accountability and
identification of preferences

Justification of decision
making Deliberation with reasons Decision making adhering to

methodologies and standards

What can we take from this comparative review? First, the two frameworks demon-
strate how the principle can operate within a complex administrative environment which
influences how it is interpreted and applied. However, the comparison also highlights it is
important for regulation to be flexible enough to make allowances for differences in the
administrative context for precautionary decision making. In this context the Deville and
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Harding Framework allows for broad deliberative adaptive powers to address the problem
at hand. The Communication conducts set tasks based on a rational methodology, which
are predetermined and containing set standards. The Deville and Harding Framework may
be better suited to implementing the principle into any institutional setting. The Commu-
nication shows action under the principle is accountable and consistent with pre-existing
legal obligations.

Section 6 provides methodologies that adapt some of the best features of the frame-
works discussed in Section 5, and also addresses the issues raised in Sections 1–4 in
addressing long term environmental risk. The aim is to establish a framework for using
the principle in regulation to address risk inherent in hidden collapse and other long term
environmental risk scenarios.

6. Applying the Principle to Hidden Collapse

Section 6 discusses changes in how the principle is regulated to manage long term
environmental risk. Whilst the focus is on managing long term environmental risk, the
decision-making processes outlined in this section has a broader application to diverse risk
scenarios. The tools and decision-making procedures outlined herein are designed to apply
to hidden collapse risk which is the main focus of this article. However, the importance of a
process to weigh up environmental risk against the extent of scientific uncertainty applies to
both short- and long-term risk across both natural resource management and conservation
sectors. The aim of this section, whilst addressing long term environmental risk implicit
in the hidden collapse scenario, it is to highlight a generic framework adaptable across
diverse jurisdictions, particularly those who rely on a simple regulatory inclusion of the
principle without a broader framework for administrative decision making.

A key component is use of criteria and indicators of forest sustainability and evi-
dentiary thresholds to determine the existence of a serious and irreversible threat to the
environment and levels of scientific uncertainty. During the summer of 2019/20 in Aus-
tralia, catastrophic bush fires caused massive damage to forests [76]. The scale of this loss
would easily have triggered a threshold to apply the principle under what is proposed
in this section. However, under the existing regulatory framework in Victoria, there was
no immediate adaptive response to the vastly reduced forest estate. Although old growth
forest harvesting has subsequently been banned in Victoria, this has not guaranteed the
ecological viability of some old growth forests [77]. Hidden collapse requires adaptive
measures to address long term risk in a more proactive way. The proactive response must
manage the risk identified by reference to criteria and indicators of forest sustainability. It
is the alignment of criteria and indicators of forest sustainability with precautionary risk
management that sets what is proposed in this section apart from current applications of
the principle.

Criteria and indicators of forest sustainability are the key reference point for decision
making on triggers to apply the principle. Regulation of data collection around key
indicators like sustainable timber yield, can proactively address long term environmental
risk based on key thresholds [78]. For example, a change in sustainable yield may be a
trigger for application of the principle. On that basis regulation will address a precautionary
response when a level of harvesting is in excess of the ecologically sustainable yield [79]. A
minimum threshold for application of the principle could be based, in part, on key data
for sustainable yields and ratios of productive forest to overall forest coverage. The use of
criteria and indicators of forest sustainability also provides a reference point for cost benefit
assessment of options in precautionary management of an environmental risk. For example,
the absence of large old cavity trees in a forest is an ecological indicator aligned with hidden
collapse. When an indicator is specific and definable, a cost benefit analysis around that
indicator is likely to have greater accuracy and definition. This level of specificity around
an indicator, provides clarity over what options are available and at what cost to either
remove or manage the risk.
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The literature on the principle is often specific to a particular sector or industry and
most do not account for long term environmental risk. The discussion in part 5 did
address one model using methodologies to support decision making, whilst both models
required a more structured deliberative process around analysis of science and evaluating
options. What these examples made clear is regulating the principle without regard to a
deliberative decision-making process, limits use of the principle and may even impede its
application. The following set of recommendations are designed to address the requirement
of a deliberative decision-making process and implement key recommendations from
this paper.

6.1. Recommendation 1: Use of Methodologies in Applying the Principle

Sections 1–4 highlighted difficulties in regulating the principle requiring a different
approach. The Victorian case study in Section 4 provided an example of a regulatory
application without methodologies to guide decision making which lead to regulatory
failure. Use of two methodologies can help overcome these problems; one methodology
to trigger application and the other to address a proportionate response to environmental
risk. This paper argues that use of methodologies are necessary to manage risk compli-
ance [80]. Since the aim of the principle is to manage potential problems before they occur,
a methodological process is necessary to address different risk perceptions (Section 3) as
part of the trigger methodology, and to assess inputs into working out the proportion-
ate response based on risk extents. Precedents exist for regulatory methodologies being
contained in supporting regulation separate from the parent legislation [81]. Since the
extent of long-term environmental risk is increasing; it is not sufficient to rely on simplistic
mandatory applications of the principle without a more rigorous methodological approach
in regulation. A simple command approach to regulating the principle fails to address the
complexities of long-term environmental risk.

6.2. Recommendation 2: Use of Scientific Evidence Must Be Properly Regulated

Regulating the use of science has been undertaken in diverse areas including biomedi-
cal research [82], and animal welfare [83], but environmental regulation has been playing
‘catch up’ with these and other regulatory categories [84]. Most regulatory applications of
the principle have no process for assessing scientific uncertainty. Applying the principle
requires an assessment of scientific evidence as a precursor to application, and in formula-
tion of the precautionary response [85]. A mandatory scientific evaluation of scientifically
tenable information relating to the environmental risk could include a risk assessment
consisting of four parts; risk identification, risk characterization, extent of risk, and the
precautionary response based on level of risk. This assessment is designed to address
perceptions of risk discussed in Section 3.

6.3. Recommendation 3: A Process for Dealing with Disputes over Application of the Principle

Most regulatory applications of the principle lack a regulated procedure for an initial
assessment of environmental risk. In Australia there is the possibility of judicial [86] or
merit reviews of departmental decision making post hoc [87]. However, there is a real
issue about how justiciable the principle is, especially in respect to decisions to apply it or
not [88]. This places a question mark over the possibility of judicial or merit reviews of
decision relating to the initial assessment of decisions relating to applying the principle.
This issue goes to the heart of decision making for long term environmental risk. There are
some examples of Australian cases that consider the justiciability of the principle in this
context, but the issue is not clear in respect to the initial decision-making stages regarding
application [89]. In merit appeals, someone seeks an order from a court, such as the
Environment Resources and Development Court in South Australia, to reverse a decision
in a development application [90]. Courts have been prepared to apply the principle to
either refuse a development application or add conditions for consent for the development.
The issue here is whether a court should have authority to address application of the
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principle in the hidden collapse situation as detailed in Section 1. The issue relates to
decisions about precautionary actions against long term risk at the initial stages of decision
making relating to a particular extractive or other process, and its likely impact on the
environment. The question is the possibility of giving legal standing to bring a merit review
of a departmental decision to not apply the principle where there is evidence of long-term
environmental risk. A merit review in this context could reconsider evidence relating to
scientific evaluation of risk, including risk characterization and extent of risk exposure
(discussed in recommendation 6.2).

Assuming regulation contained procedures for initial assessment of applying the
principle, the possibility of successful merit reviews at initial stages is strengthened. How-
ever, it may be difficult for a merit review to know who is making the decision and what
information is relied on which is subject to review. To address this problem, this paper
proposes the creation of an ‘authorised person,’ to ensure procedures for undertaking
a scientific assessment of environmental risk have been taken. The authorised person
exists in Australian local government law, for example, and their role is primarily to en-
sure members of the public comply with relevant obligations under Local Government
Acts [91]. This precedent could be usefully adapted into environmental law, to enable a
point of reference for possible merits reviews of decisions about the principle. In order for
this to have functionality, it requires the authorised person to have the power to address
whether a scientific review has been undertaken within the department responsible for the
extractive or other process and that a decision has been made on the merits of applying the
principle. Standing could be given to range of stakeholders to undertake a merit review
under defined circumstances. For example, standing for members of the public would not
be unrestricted, but could accord to a similar position of standing for ‘interested persons’
under Australian federal environmental legislation [92]. This regulatory regime provides
some context for initial assessment and potential merit reviews of matters pertaining to
long term environmental risk.

6.4. Recommendation 4: Regulating the Use of Key Evidentiary Thresholds and Burdens of Proof

Key evidentiary thresholds relating to ‘serious threats’ and ‘irreversible change’ are
potential triggers for implementing the principle. The nature of the trigger must address
causal connections to triggering events and environmental risk. The problem for causality
in this context is identifying critical thresholds that trigger a precautionary response before
a long-term risk occurs. Regulations should be more prescriptive on evidentiary thresholds
on what represents a serious environmental threat. For example, evidentiary thresholds
with forestry pertaining to total allowable cut addressing the risk of excessive cutting rates
and in the context of total logging take. Allowable cut indicators are important and could
function as triggers for precautionary action.

Use of evidentiary thresholds requires clarity over who carries the burden of proof.
The burden of proof generally falls on an applicant or plaintiff in a legal matter. In a merit
review a challenger to a departmental authorisation would normally carry the burden of
proof. In relation to decision making on evidentiary thresholds in respect to the principle,
an objector to a decision about whether the threshold has been crossed or not would be
required to bring forward relevant scientific evidence. The decision maker would then
be required to disprove the objection beyond reasonable doubt or else otherwise indicate
how the threat can be managed when not applying the principle. Who has the burden of
proof on whether scientific thresholds have been crossed is not regulated in Australia. This
regulatory gap means it is left to the courts to decide on who carries this burden. The level
of scientific uncertainty on a matter should be subject to greater precision on evidentiary
thresholds, thereby allowing a firmer base for precautionary decision making.

6.5. Recommendation 5: Use of Criteria in Regulation in Applying the Principle

Criteria and indicators of sustainable natural resource management by sector repre-
sent an essential element of precautionary risk management. In the context of sustainable
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forest management criteria and indicators can be used to improve monitoring of forest
stands within the forest life cycle. For example, Criteria and Indicators of Sustainable
Forest Management in Victoria contain reference points for all aspects of the forest life cycle
and its management and care. For example, Criterion 1 relates to conservation of forest
biodiversity, Criterion 2 covers maintenance of the productive capacity of forest ecosystems,
and Criterion 3 covers maintenance of ecosystem health and vitality. They all provide
benchmarking reference points for potential activation of the principle. Criterion 2.3, for
example, covers annual production of wood products in Victorian state forests compared
to sustainable harvest levels, providing an application threshold based on a fundamental
standards for ecologically sustainable forest management. The rationale for Criterion 2.3
is to measure the take of wood compared to the sustainable level of production, which
differentiates the commercial take of wood from ecologically sustainable levels of pro-
duction. Use of Criterion 2.3 connects data collected with sustainable harvest levels and
can be a potential precautionary trigger when applying the principle. The principle can
be potentially applied when sustainable take is exceeded, giving rise to a proportionate
adaptive management response to adjust the take.

6.6. Recommendation 6: An Administrative Framework for Decision Making Addressed
in Regulation

Methodologies for application of the principle and the adaptive management response
align data collection with criteria and indicators relevant to each stage of decision making.
Regulation could provide a sequence of steps in administrative decision making consisting
of: (1) identification of the responsible party for applying or determining the sustainability
outcome, (2) data collection based on specific criteria and indicators, (3) reviewing the
data against relevant criteria and indicators, (4) determining whether the status of the data
activates a trigger, and (5) a process for determining and applying a proportionate response
to the degree of risk. Stage1 - 5 is with the relevant department, subject to a review process
by the independent authorised person, discussed in recommendation 6.3. In such a model,
third parties, including environmental non-government organisations have authority to
supply data to these entities. The authorised person has final authority over application of
the principle based on supplied data.

7. Conclusions

This article identifies serious regulatory gaps and failure in how some jurisdictions
apply the precautionary principle to long term environmental risk. Hidden collapse was
identified in Victorian Mountain Ash forests in 2018, but this did not evoke a precautionary
response at the time. Victorian government auditors have identified poor regulatory ap-
plication of the principle for sustainable forest management, which suggests the need for
reform. This article argues for a change in administrative processes for decision making
in respect to the principle. It also proposes the use of prescriptive methodologies for ap-
plication of the principle to address risk assessment, scientific evaluation, and available
options to manage long term environmental risk. Use of prescriptive methodologies pro-
vide operational guidelines to trigger application of the principle and when administering
a proportionate precautionary response. Such guidelines are strongly dependent on using
data aligned with criteria and indicators of sustainable forest management. Methodologies
must characterise the threat and help assess the risk uncertainties surrounding scientific
and other data. Such methodologies must account for scientific uncertainty on long-term
projections, such as those implicit in hidden collapse. It is essential these methodologies are
contained in regulation with sufficient detail to support decision making on fundamental
obligations such as a mandatory application of the principle in the face of evidence of the
threat of serious or irreversible environmental damage.

This article discussed hidden collapse in the context of applying the principle. The
principle is inherently problematic for regulation, and this was shown to be especially so
in respect to identifying and responding to long term environmental risk. The conceptual
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framework advanced in this article is designed to address long-term risk after taking
account of scientific uncertainty and the administrative context in which decisions are
made. This context must provide a more rigorous process for scientific evaluation in order
to address different levels of risk perception. The administrative context must account for
inconsistency in decision making thereby requiring, in the view of the author, regulated
methodologies as guidelines for the scientific evaluation process, and for consideration
of available options in precautionary decision making for a particular matter. The latter
requiring great care in determining the proportionate response to the level of environmental
risk. In Section 5, a consideration of two regulatory frameworks was designed to highlight
the need to address the administrative environment for decisions making. The discussion
in Sections 1–5 is designed to make clear that a simple mandatory application of the
principle, such as in the Victorian jurisdiction, simply will not work in addressing long
term environmental risk. Indeed, such mandatory applications even run the risk of non-
application of the principle because of a lack clarity over who and what triggers application
and a process for scientific evaluation. The final list of recommendations provide guidance
on addressing long term environmental risk, and a means to use the principle in a proactive,
and not reactive way, to address serious decline in biodiversity across the globe.

Author Contributions: Conceptualization, R.D.M.; methodology, R.D.M. and D.B.L.; validation,
R.D.M. and D.B.L.; formal analysis, R.D.M. and D.B.L.; investigation, R.D.M. and D.B.L.; resources,
R.D.M. and D.B.L.; data curation, R.D.M. and D.B.L.; writing-original draft preparation, R.D.M.;
writing—review and editing, R.D.M. and D.B.L.; visualization, R.D.M. and D.B.L.; supervision,
R.D.M. and D.B.L.; project administration, R.D.M. and D.B.L.; funding, acquisition, R.D.M. and D.B.L.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Think Tank European Parliament. The Precautionary Principle: Definitions, Applications and Governance; Think Tank European

Parliament: Luxembourg, 2015. Available online: https://www.europarl.europa.eu/thinktank/en/document/EPRS_IDA(2015)5
73876 (accessed on 25 November 2023).

2. Sustainable Forests (Timber) Act 2004 (Vic) s5 (4) (b). Available online: https://www.austlii.edu.au/cgi-bin/viewdoc/au/legis/
vic/consol_act/sfa2004289/s5.html (accessed on 16 November 2023).

3. Lindenmayer, D.B.; Sato, C. Hidden collapse is driven by fire and logging in a sociolegal forest ecosystem. Proc. Natl. Acad. Sci.
USA 2018, 115, 5181–5186. [CrossRef] [PubMed]

4. Grimes, D.R. Balancing benefits and potential risks of vaccination: The precautionary principle and the law of unintended
consequences. BMJ Evid.-Based Med. 2022, 27, 319–323. [CrossRef] [PubMed]

5. Christoforou, T. The origins and content of the precautionary principle in European Community Law. In Le Principe de Precaution:
Aspects de Droit International et Communautaire; Leben, C., Verhoeven, J., Eds.; Pantheon Assas: Paris, France, 2002; pp. 205–230.

6. Sunstein, C.R. Laws of Fear: Beyond the Precautionary Principle; Cambridge University Press: Cambridge, UK, 2005.
7. Bates, G. Environmental Law in Australia, 11th ed.; LexisNexis Butterworth: Chatswood, NSW, Australia, 2023; pp. 160–176.
8. Environment East Gippsland v VicForests [2010] VSC 335; 30 VR 1. Available online: https://jade.io/j/?a=outline&id=200349

(accessed on 15 November 2023).
9. Cameron, J.; Abouchar, J. The precautionary principle: A fundamental principle for the protection of the global environment.

Boston Coll. Int. Comp. Law Rev. 1991, 14, 1–27.
10. Stevens, M. The Precautionary Principle in the International Arena. Sustain. Dev. Law Policy 2002, 2, 13.
11. Principle 15. Available online: https://www.un.org/en/conferences/environment/rio1992 (accessed on 15 December 2023).
12. Australian Intergovernmental Agreement on the Environment. Available online: https://faolex.fao.org/docs/pdf/aus13006.pdf

(accessed on 15 December 2023).
13. Dovers, S.; Handmer, J. Ignorance, sustainability and the precautionary principle. In Perspectives on the Precautionary Principle;

Harding, R., Fisher, E., Eds.; Federation Press: Sydney, Australia, 1999; pp. 167–189.

https://www.europarl.europa.eu/thinktank/en/document/EPRS_IDA(2015)573876
https://www.europarl.europa.eu/thinktank/en/document/EPRS_IDA(2015)573876
https://www.austlii.edu.au/cgi-bin/viewdoc/au/legis/vic/consol_act/sfa2004289/s5.html
https://www.austlii.edu.au/cgi-bin/viewdoc/au/legis/vic/consol_act/sfa2004289/s5.html
https://doi.org/10.1073/pnas.1721738115
https://www.ncbi.nlm.nih.gov/pubmed/29712832
https://doi.org/10.1136/bmjebm-2021-111773
https://www.ncbi.nlm.nih.gov/pubmed/34933928
https://jade.io/j/?a=outline&id=200349
https://www.un.org/en/conferences/environment/rio1992
https://faolex.fao.org/docs/pdf/aus13006.pdf


Sustainability 2024, 16, 3904 21 of 23

14. Porter, T. Trust in Numbers: The Pursuit of Objectivity in Science and Public Life; Princeton University Press: Princeton, NJ, USA, 1995.
15. Vanderzwaag, D. The precautionary principle in environmental law and policy: Elusive rhetoric and first embraces. J. Environ.

Law Pract. 1999, 8, 355–375.
16. National Strategy for Ecologically Sustainable Development. Available online: http://jnevill.customer.netspace.net.au/Extract_

NSESD_principles.htm (accessed on 16 December 2023).
17. Gullett, W.; Paterson, C.; Fisher, E. Substantive precautionary decision-making: The Australian Fisheries Management Authority’s

lawful pursuit of the precautionary principle. Australas. J. Nat. Resour. Law Policy 2001, 2, 95–135.
18. Renn, O.; Dreyer, M.; Klinke, A.; Losert, C.; Stirling, A.; van Zwanenberg, P.; Muller-Herold, U.; Morosini, M.; Fisher, E. The

Application of the Precautionary Principle in the European Union: Regulatory Strategies and Research Needs to Compose and Specify a
European Policy on the Application of the Precautionary Principle; Centre for Technology Assessment: Stuttgart, Germany, 2003.
Available online: https://www.researchgate.net/publication/272086042_The_Application_of_the_Precautionary_Principle_
in_the_European_Union/citations (accessed on 21 November 2023).

19. Scott, S. How cautious is precautious? Antarctic tourism precautionary principle. Int. Comp. Law Q. 2001, 50, 964–971. [CrossRef]
20. Bohanes, J. Risk regulation in WTO law: A procedure-based approach to the precautionary principle. Columbia J. Transnatl. Law

2002, 20, 323–389.
21. Von Schomberg, R. Agricultural biotechnology in the trade environment interface: Counterbalancing adverse effects of globaliza-

tion. In Biotechnology–Globalisierung–Demokratie; Barben, D., Abels, G., Eds.; Politische Gestaltung transnationaler Technologieen-
twicklung; Edition Sigma: Berlin, Germany, 2000; pp. 111–131.

22. The Precautionary Principle is a blunt instrument. The Guardian. 2013. Available online: https://eur-lex.europa.eu/legal-
content/en/ALL/?uri=CELEX%3A32003R1829 (accessed on 4 December 2023).

23. Regulation (EC) No 1829/2003 of the European Parliament and of the Council of 22 September 2003 on Genetically Modified Food
and Feed. Available online: https://www.fao.org/faolex/results/details/en/c/LEX-FAOC041254/ (accessed on 16 December
2023).

24. Cross, F. Paradoxical perils of the precautionary Principle. Wash. Lee Law Rev. 1996, 53, 851–895.
25. Stone, C. Is there a precautionary principle? Environ. Law Report. 2001, 31, 10790–10799.
26. Marchant, G.; Mossman, K. Arbitrary and Capricious: The Precautionary Principle in the European Union Courts; The AEI Press:

Washington, DC, USA, 2004.
27. Fisher, E.; Harding, R. The precautionary principle: Towards a deliberative, transdisciplinary, problem-solving process. In

Perspectives on the Precautionary Principle; Harding, R., Fisher, E., Eds.; Federation Press: Sydney, Australia, 1999; pp. 290–298.
28. Fisher, E.; Harding, R. The precautionary principle and administrative constitutionalism: The development of frameworks for

applying the precautionary principle. In Implementing the Precautionary Principle: Perspectives and Prospects; Fisher, E., Jones, J., von
Schomberg, R., Eds.; Edward Elgar: Cheltenham, UK, 2006; pp. 113–136.

29. Tickner, J.; Kriebel, D. The role of science and precaution in environmental and public health policy. In Implementing the
Precautionary Principle: Perspectives and Prospects; Fisher, E., Jones, J., von Schomberg, R., Eds.; Edward Elgar: Cheltenham, UK,
2006; pp. 42–62.

30. Morphett, K.; Hall, W.; Gartner, C. The Misuse of the Precautionary Principle in Justifying Australia’s Ban on the Sale of Nicotine
Vaping Products. Nicotine Tob. Res. 2021, 23, 14–20. [CrossRef] [PubMed]

31. Jones, J.; Bronfitt, S. The burden and standard of proof in environmental regulation: The precautionary principle in an Australian
administrative context. In Implementing the Precautionary Principle: Perspectives and Prospects; Fisher, E., Jones, J., von Schomberg,
R., Eds.; Edward Elgar: Cheltenham, UK, 2006; pp. 42–62.

32. Klinke, A.; Renn, O. A new approach to risk evaluation and management: Risk based, precaution based, and discourse-based
strategies. Risk Anal. 2002, 22, 1071–1094. [CrossRef] [PubMed]

33. Cooney, R. A long and winding road? Precaution from principle to practice in biodiversity conservation. In Implementing the
Precautionary Principle: Perspectives and Prospects; Fisher, E., Jones, J., von Schomberg, R., Eds.; Edward Elgar: Cheltenham, UK,
2006; pp. 223–244.

34. Cohen, J. Procedure and substance in deliberative democracy. In Democracy and Difference: Contesting the Boundaries of the Political;
Benhabib, S., Ed.; Princeton University Press: Princeton, NJ, USA, 1996; pp. 95–119.

35. Bergstrom, D.M.; Wienecke, B.C.; van den Hoff, J.; Hughes, L.; Lindenmayer, D.B.; Ainsworth, T.D.; Baker, C.M.; Bland, L.;
Bowman, D.M.J.S.; Brooks, S.T.; et al. Combating ecosystem collapse from the tropics to the Antarctic. Glob. Chang. Biol. 2021, 27,
1692–1703. [CrossRef] [PubMed]

36. Marques, L. Capitalism and Environmental Collapse, 1st ed.; Springer: Cham, Switzerland, 2020.
37. Yletyinen, J.; Butler, W.E.; Ottersen, G.; Andersen, K.H.; Bonanomi, S.; Diekert, F.K.; Folke, C.; Lindegren, M.; Nordström, M.C.;

Richter, A.; et al. When is a fish stock collapsed? bioRxiv 2018, 329979. [CrossRef]
38. Pinsky, M.L.; Jensen, O.P.; Ricard, D.; Palumbi, S.R. Unexpected patterns of fisheries collapse in the world’s oceans. Proc. Natl.

Acad. Sci. USA 2011, 108, 8317–8322. [CrossRef] [PubMed]
39. Lindenmayer, D.B.; Blanchard, W.; Blair, D.; McBurney, L.; Taylor, C.; Scheele, B.C.; Westgate, M.J.; Robinson, N.; Foster, C. The

response of arboreal marsupials to long term changes in forest disturbance. Anim. Conserv. 2020, 24, 246–258. [CrossRef]
40. Taylor, C.; Lindenmayer, D.B. The adequacy of Victoria’s protected areas for conserving its forest dependent fauna. Austral Ecol.

2019, 44, 1076–1090. [CrossRef]

http://jnevill.customer.netspace.net.au/Extract_NSESD_principles.htm
http://jnevill.customer.netspace.net.au/Extract_NSESD_principles.htm
https://www.researchgate.net/publication/272086042_The_Application_of_the_Precautionary_Principle_in_the_European_Union/citations
https://www.researchgate.net/publication/272086042_The_Application_of_the_Precautionary_Principle_in_the_European_Union/citations
https://doi.org/10.1093/iclq/50.4.963
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32003R1829
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32003R1829
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC041254/
https://doi.org/10.1093/ntr/ntaa173
https://www.ncbi.nlm.nih.gov/pubmed/32909044
https://doi.org/10.1111/1539-6924.00274
https://www.ncbi.nlm.nih.gov/pubmed/12530780
https://doi.org/10.1111/gcb.15539
https://www.ncbi.nlm.nih.gov/pubmed/33629799
https://doi.org/10.1101/329979
https://doi.org/10.1073/pnas.1015313108
https://www.ncbi.nlm.nih.gov/pubmed/21536889
https://doi.org/10.1111/acv.12634
https://doi.org/10.1111/aec.12805


Sustainability 2024, 16, 3904 22 of 23

41. Lindenmayer, D.B. Victorian Forestry Is Definitely Not Ecologically Sustainable. The Conversation. 2013. Available online:
https://theconversation.com/victorian-forestry-is-definitely-not-ecologically-sustainable-11392 (accessed on 6 January 2024).

42. In Science, the Only Certainty Is Uncertainty. The Conversation. 2013. Available online: https://theconversation.com/in-science-
the-only-certainty-is-uncertainty-17180 (accessed on 16 December 2023).

43. Gauch, H.G., Jr. Scientific Method in Brief ; Cambridge University Press: Cambridge, UK, 2012.
44. Mannix, L. Victoria’s Forest Collapse ‘Inevitable’, Study Finds. Available online: https://www.theage.com.au/national/victoria/

victoria-s-forest-collapse-inevitable-study-finds-20180430-p4zcdr.html (accessed on 16 December 2023).
45. Professor Rod Keenan. Available online: https://findanexpert.unimelb.edu.au/profile/116805-rodney-keenan (accessed on 17

December 2023).
46. Alpine Ash, Mountain Ash & Red Gum Forests—March 2021. Available online: https://www.victoriasforestryheritage.org.au/

maps/threeforesttypes06042021/index.html#7/-36.848/144.816 (accessed on 10 December 2023).
47. Lannoo, M. Malformed Frogs: The Collapse of Aquatic Ecosystems; University of California Press: St Oakland, CA, USA, 2008.
48. Crawford, L.M. Conceptual and Theoretical Frameworks in Research; Sage Publications Inc.: Thousand Oaks, CA, USA, 2020. Available

online: https://docplayer.net/155038741-Conceptual-and-theoretical-frameworks-in-research-linda-m-crawford.html (accessed
on 16 December 2023).

49. Weber, E.U. Understanding Public Risk Perception and Responses to Changes in Perceived Risk. In The Conceptual Terrain of Crises
and Risk Perceptions; Balleisen, E.J., Bennear, L.S., Krawiec, K.D., Wiener, J.B., Eds.; Cambridge University Press: Cambridge, UK,
2017.

50. Lofstedt, R. Risk Communication and Management in the Twenty-First Century. Int. Public Manag. J. 2004, 7, 335.
51. Barke, R.P.; Jenkins-Smith, H.; Slovic, P. Risk Perceptions of Men and Women Scientists. Soc. Sci. Q. 1997, 78, 167–176.
52. Sunstein, C. On the divergent American Reactions to Terrorism and Climate Change. Columbia Law Rev. 2007, 107, 503. [CrossRef]
53. Environmental Resilience: Nurturing Nature’s Capacity to Bounce Back. Clima. 2023. Available online: https://www.linkedin.

com/pulse/environmental-resilience-nurturing-natures-capacity-bounce-back/ (accessed on 27 November 2023).
54. Fischoff, B.; Davis, A.L. Communicating Scientific Uncertainty. Proc. Natl. Acad. Sci. USA 2014, 111 (Suppl. 4), 13664–13671.

[CrossRef] [PubMed]
55. Lemons, J.; Schrader-Frechette, K.; Canor, C. The Precautionary Principle: Scientific Uncertainty and Type 1 and Type 11 Errors.

Found. Sci. 1997, 2, 207. [CrossRef]
56. Weiss, C. Expressing scientific uncertainty. Law Probab. Risk 2003, 2, 25–46. [CrossRef]
57. Telstra Corporation Ltd. v Hornsby Shire Council (2006) 67 NSWLR 256; see also; Bob Brown Foundation Inc v Minister for the

Environment (No 2) [2022] FCA 873. Available online: https://jade.io/article/185471 (accessed on 27 November 2023).
58. King, J. Application of Risk Assessment in Policy and Legislation in the European Union and in the United States. In Handbook of

Environmental Risk Assessment and Management; Calow, P., Ed.; Blackwell Science: Hoboken, NJ, USA, 1998; p. 249.
59. Sunstein, C. Risk and Reason: Safety, Law and the Environment; Cambridge University Press: Cambridge, UK, 2002; p. 106.
60. Zander, J. Risk and Uncertainty: Basic Concepts and Tools for the Application of the Precautionary Principle; Cambridge University Press:

Cambridge, UK, 2010; p. 24.
61. Breyer, S. The Vicious Circle: Towards Effective Risk Regulation. J. Policy Anal. Manag. 1995, 14, 627–630.
62. Code of Practice for Timber Production. 2014. Available online: https://www.forestsandreserves.vic.gov.au/forest-management/

code-of-practice-for-timber-production-2014 (accessed on 7 December 2023).
63. Submission by Environmental Justice Australia to the Australian Parliament. 2022. Available online: https://www.aph.gov.au/-/

media/Estimates/rrat/bud2223/Tabled_Documents/Agriculture/TabledDoc2_Briefing_Note.pdf?la=en&hash=6BA86DD3
AC0AB29192AB161FFD6BF480EA02F15E (accessed on 9 December 2023).

64. Elliot v Brisbane City Council (2002) QPEC 13. Available online: https://www.sclqld.org.au/caselaw/47063 (accessed on 19
November 2023).

65. Telstra Corporation v Hornsby Shire Council [2006] NSWLEC 133. Available online: https://nswlr.com.au/view/67-NSWLR-256
(accessed on 21 November 2023).

66. Bulga Milbrodale Progress Association Inc v Minister for Planning and Infrastructure and Warkworth Mining Limited [2013]
NSWLEC 48. Available online: https://elaw.org/resource/bulga-milbrodale-progress-association-inc-v-minister-planning-and-
infrastructure-and-warkworth (accessed on 17 November 2023).

67. von Schomberg, R. The Precautionary Principle: Its Use Within Hard and Soft Law. Eur. J. Risk Regul. 2012, 3, 147–156. [CrossRef]
68. Scott, D.N. Shifting the Burden of Proof: The Precautionary Principle and Its Potential for the “Democratization” of Risk. In Law

and Risk; University of British Columbia Press: Vancouver, BC, Canada, 2005; pp. 50–85. [CrossRef]
69. Regulatory Capture Definition with Examples. Investopedia. Available online: https://www.investopedia.com/terms/r/

regulatory-capture.asp (accessed on 19 December 2023).
70. Martin, R. Victorian ecologically sustainable forest management: Part 11: A cautionary tale: The Brown Mountain case and its

ramifications. Environ. Plan. Law J. 2017, 34, 113–141.
71. Deville, A.; Harding, R. Applying the Precautionary Principle; Federation Press: Annandale, NSW, Australia, 1997.
72. Commission of the European Communities. Communication from the Commission on the Precautionary Principle, COM (2000)

1 Final. 2000. Available online: https://op.europa.eu/en/publication-detail/-/publication/21676661-a79f-4153-b984-aeb28f07c8
0a/language-en (accessed on 17 November 2023).

https://theconversation.com/victorian-forestry-is-definitely-not-ecologically-sustainable-11392
https://theconversation.com/in-science-the-only-certainty-is-uncertainty-17180
https://theconversation.com/in-science-the-only-certainty-is-uncertainty-17180
https://www.theage.com.au/national/victoria/victoria-s-forest-collapse-inevitable-study-finds-20180430-p4zcdr.html
https://www.theage.com.au/national/victoria/victoria-s-forest-collapse-inevitable-study-finds-20180430-p4zcdr.html
https://findanexpert.unimelb.edu.au/profile/116805-rodney-keenan
https://www.victoriasforestryheritage.org.au/maps/threeforesttypes06042021/index.html#7/-36.848/144.816
https://www.victoriasforestryheritage.org.au/maps/threeforesttypes06042021/index.html#7/-36.848/144.816
https://docplayer.net/155038741-Conceptual-and-theoretical-frameworks-in-research-linda-m-crawford.html
https://doi.org/10.2139/ssrn.901217
https://www.linkedin.com/pulse/environmental-resilience-nurturing-natures-capacity-bounce-back/
https://www.linkedin.com/pulse/environmental-resilience-nurturing-natures-capacity-bounce-back/
https://doi.org/10.1073/pnas.1317504111
https://www.ncbi.nlm.nih.gov/pubmed/25225390
https://doi.org/10.1023/A:1009611419680
https://doi.org/10.1093/lpr/2.1.25
https://jade.io/article/185471
https://www.forestsandreserves.vic.gov.au/forest-management/code-of-practice-for-timber-production-2014
https://www.forestsandreserves.vic.gov.au/forest-management/code-of-practice-for-timber-production-2014
https://www.aph.gov.au/-/media/Estimates/rrat/bud2223/Tabled_Documents/Agriculture/TabledDoc2_Briefing_Note.pdf?la=en&hash=6BA86DD3AC0AB29192AB161FFD6BF480EA02F15E
https://www.aph.gov.au/-/media/Estimates/rrat/bud2223/Tabled_Documents/Agriculture/TabledDoc2_Briefing_Note.pdf?la=en&hash=6BA86DD3AC0AB29192AB161FFD6BF480EA02F15E
https://www.aph.gov.au/-/media/Estimates/rrat/bud2223/Tabled_Documents/Agriculture/TabledDoc2_Briefing_Note.pdf?la=en&hash=6BA86DD3AC0AB29192AB161FFD6BF480EA02F15E
https://www.sclqld.org.au/caselaw/47063
https://nswlr.com.au/view/67-NSWLR-256
https://elaw.org/resource/bulga-milbrodale-progress-association-inc-v-minister-planning-and-infrastructure-and-warkworth
https://elaw.org/resource/bulga-milbrodale-progress-association-inc-v-minister-planning-and-infrastructure-and-warkworth
https://doi.org/10.1017/S1867299X00001987
https://doi.org/10.59962/9780774851510-004
https://www.investopedia.com/terms/r/regulatory-capture.asp
https://www.investopedia.com/terms/r/regulatory-capture.asp
https://op.europa.eu/en/publication-detail/-/publication/21676661-a79f-4153-b984-aeb28f07c80a/language-en
https://op.europa.eu/en/publication-detail/-/publication/21676661-a79f-4153-b984-aeb28f07c80a/language-en


Sustainability 2024, 16, 3904 23 of 23

73. Fisher, E. Drowning by numbers: Standard setting in risk regulation and the pursuit of accountable public administration. Oxf. J.
Leg. Stud. 2000, 20, 109–130. [CrossRef]

74. World Trade Organization. Appellate Body Report, European Communities—Measures Concerning Meat and Meat Products (Hormones);
WT/DS26/AB/R; World Trade Organization: Geneva, Switzerland, 1998.

75. The WTO Agreement on Sanitary and Phyto-Sanitary (SPS) measures as applied in the first 3 disputes: EC—Hormones, Australia—
Salmon and Japan—Varietals. J. Int. Econ. Law 1999, 2, 641–664. [CrossRef]

76. Regrowing Our Ash Forests. Available online: https://www.communitybushfireconnection.com.au/recovery/regrowing-our-
ash-forests/#:~:text=Around%2083%2C000%20hectares%20of%20ash,that%20burned%20at%20high%20severity (accessed on 9
January 2024).

77. Green Groups Fear Victorian Logging Ban May Actually Endanger Some Old Growth Forests. 2019. Available on-
line: https://www.worldatlas.com/articles/sustained-yield-use-in-forestry-and-natural-resource-management.html#:~:
text=Resource%20Management%20%2D%20WorldAtlas-,Sustained%20Yield%20Use%20In%20Forestry%20And%20Natural%
20Resource%20Management,for%20the%20years%20to%20come (accessed on 12 December 2023).

78. Sustained Yield Use in Forestry and Natural Resource Management. Available online: https://www.worldatlas.com/articles/
sustained-yield-use-in-forestry-and-natural-resource-management.html (accessed on 19 December 2023).

79. David, B.; Lindenmayer, D.B.; Taylor, C. New spatial analyses of Australian wildfires highlight the need for new fire, resource,
and conservation policies. Proc. Natl. Acad. Sci. USA 2020, 117, 12481–12485.

80. Dalezios, N.R. (Ed.) Environmental Hazards: Methodologies for Risk Assessment and Management; IWA Publishing: London, UK, 2017.
81. Carbon Credits (Carbon Farming Initiative) Act 20111 (Cth), and Carbon Credits (Carbon Farming Initiative) Rule. 2015. Available

online: https://www.legislation.gov.au/F2015L00156/latest/text (accessed on 9 December 2023).
82. Yaneva-Deliverska, M.; Bekiarova, G. Legal Aspects of Regulation on Biomedical Scientific Researches. J. IMAB Annu. Proc. (Sci.

Pap.) 2010, 16, 90–94. [CrossRef]
83. Animal Welfare Act as amended (AWA, 7 U.S.C. §§2131-2156). Available online: https://ori.hhs.gov/content/Chapter-4-The-

Welfare-of-Laboratory-Animals-7-usc-2131-2156-animal-welfare-act-amended (accessed on 12 December 2023).
84. Holmes, J.; Clark, R. Enhancing the use of science in environmental policymaking and regulation. Environ. Sci. Policy 2008, 11,

702–711. [CrossRef]
85. Kriebel, D.; Tickner, J.; Epstein, P.; Lemons, J.; Levins, R.; Loechler, E.L.; Quinn, M.; Rudel, R.; Schettler, T.; Stoto, M. The

precautionary principle in environmental science. Environ. Health Perspect. 2001, 109, 871–876. [CrossRef] [PubMed]
86. For Judicial Review. Available online: https://www.armstronglegal.com.au/administrative-law/national/judicial-review/what-

is-judicial-review/ (accessed on 12 December 2023).
87. For Merit Review. Available online: https://www.mpc.gov.au/reviewing-merits-case (accessed on 12 December 2023).
88. Fisher, E. Is the precautionary principle justiciable? J. Environ. Law 2001, 13, 315–334. [CrossRef]
89. Murrumbidgee Groundwater Preservation Association Inc v Minister for Natural Resources [2005] NSWCA 10; upholding

Murrumbidgee Ground-Water Preservation Association v Minister for Natural Resources [2004] NSWLEC, 122 (Land and
Environment Court of NSW). Available online: https://www.caselaw.nsw.gov.au/decision/549f85223004262463ac2290 (accessed
on 12 November 2023).

90. Cabarrus, J. Merits review of Commonwealth environmental decision-making. Environ. Plan. Law J. 2009, 26, 113–127.
91. Local Government Act (2009 (Qld) s125. Available online: https://www.austlii.edu.au/cgi-bin/viewdoc/au/legis/qld/consol_

act/lga2009182/s125.html (accessed on 15 January 2024).
92. Environment Protection and Biodiversity Conservation Act 1999 (Cth) s 475 (6). Available online: https://www.austlii.edu.au/

cgi-bin/viewdoc/au/legis/cth/consol_act/epabca1999588/s475.html (accessed on 17 January 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/ojls/20.1.109
https://doi.org/10.1093/jiel/2.4.641
https://www.communitybushfireconnection.com.au/recovery/regrowing-our-ash-forests/#:~:text=Around%2083%2C000%20hectares%20of%20ash,that%20burned%20at%20high%20severity
https://www.communitybushfireconnection.com.au/recovery/regrowing-our-ash-forests/#:~:text=Around%2083%2C000%20hectares%20of%20ash,that%20burned%20at%20high%20severity
https://www.worldatlas.com/articles/sustained-yield-use-in-forestry-and-natural-resource-management.html#:~:text=Resource%20Management%20%2D%20WorldAtlas-,Sustained%20Yield%20Use%20In%20Forestry%20And%20Natural%20Resource%20Management,for%20the%20years%20to%20come
https://www.worldatlas.com/articles/sustained-yield-use-in-forestry-and-natural-resource-management.html#:~:text=Resource%20Management%20%2D%20WorldAtlas-,Sustained%20Yield%20Use%20In%20Forestry%20And%20Natural%20Resource%20Management,for%20the%20years%20to%20come
https://www.worldatlas.com/articles/sustained-yield-use-in-forestry-and-natural-resource-management.html#:~:text=Resource%20Management%20%2D%20WorldAtlas-,Sustained%20Yield%20Use%20In%20Forestry%20And%20Natural%20Resource%20Management,for%20the%20years%20to%20come
https://www.worldatlas.com/articles/sustained-yield-use-in-forestry-and-natural-resource-management.html
https://www.worldatlas.com/articles/sustained-yield-use-in-forestry-and-natural-resource-management.html
https://www.legislation.gov.au/F2015L00156/latest/text
https://doi.org/10.5272/jimab.1632010_90
https://ori.hhs.gov/content/Chapter-4-The-Welfare-of-Laboratory-Animals-7-usc-2131-2156-animal-welfare-act-amended
https://ori.hhs.gov/content/Chapter-4-The-Welfare-of-Laboratory-Animals-7-usc-2131-2156-animal-welfare-act-amended
https://doi.org/10.1016/j.envsci.2008.08.004
https://doi.org/10.1289/ehp.01109871
https://www.ncbi.nlm.nih.gov/pubmed/11673114
https://www.armstronglegal.com.au/administrative-law/national/judicial-review/what-is-judicial-review/
https://www.armstronglegal.com.au/administrative-law/national/judicial-review/what-is-judicial-review/
https://www.mpc.gov.au/reviewing-merits-case
https://doi.org/10.1093/jel/13.3.315
https://www.caselaw.nsw.gov.au/decision/549f85223004262463ac2290
https://www.austlii.edu.au/cgi-bin/viewdoc/au/legis/qld/consol_act/lga2009182/s125.html
https://www.austlii.edu.au/cgi-bin/viewdoc/au/legis/qld/consol_act/lga2009182/s125.html
https://www.austlii.edu.au/cgi-bin/viewdoc/au/legis/cth/consol_act/epabca1999588/s475.html
https://www.austlii.edu.au/cgi-bin/viewdoc/au/legis/cth/consol_act/epabca1999588/s475.html

	The Principle and Hidden Collapse 
	The Conceptual Framework 
	Problems in Regulating Risk Perception 
	Use of the Principle in Legislation—A Victorian Case Study 
	A Comparative Review of Two Application Methodologies 
	The Deville and Harding Framework 
	The European Union Framework 
	Comparing the Two Models 

	Applying the Principle to Hidden Collapse 
	Recommendation 1: Use of Methodologies in Applying the Principle 
	Recommendation 2: Use of Scientific Evidence Must Be Properly Regulated 
	Recommendation 3: A Process for Dealing with Disputes over Application of the Principle 
	Recommendation 4: Regulating the Use of Key Evidentiary Thresholds and Burdens of Proof 
	Recommendation 5: Use of Criteria in Regulation in Applying the Principle 
	Recommendation 6: An Administrative Framework for Decision Making Addressed in Regulation 

	Conclusions 
	References

