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Abstract: Systems thinking is a mechanism to robustly consider the interconnected world we live in
and move away from a ‘siloed’ approach to policy. Similarly, the SDG goals and targets contained in
the UN 2030 Agenda on Sustainable Development require an integrated approach to diverse human
and planetary health challenges. This paper contemplates these efforts and then looks to one of the
SDGs considered the least interconnected in SDG analyses: that of ‘life below water’. It examines
the Oceans Goal as part of the SDGs and considers in more detail the process of nexus thinking, in
particular as it relates to the ocean-climate nexus. This highlights that there are risks in relying on
SDG interaction analysis due to skewed results or a failure to accommodate rapid transformation or
knowledge gain in certain fields. We suggest that greater recognition of planetary boundary tipping
points will enhance the inclusion of oceans in climate considerations, and improve the likelihood of
achieving both SDGs 13 and 14.

Keywords: ocean-climate nexus; SDGs; systems thinking; SDG14 life below water; transformational
change; oceans governance; marine policy; international law

1. Introduction

Both the goals of systems thinking, and the SDGs represent a move toward recognition
of the deeply connected world we live in and encourage a move away from a ‘siloed’
approach to policy. Systems thinking is variously defined, but commonalities highlight
interconnectivities and its utility as a tool to understand the role of different elements in
relation to the behaviour and outputs of the system [1]. In its preambular language the UN
General Assembly describes the 17 SDG goals as ‘integrated and indivisible’. It is logical
then that the technique of systems thinking be applied to the question of how to holistically
consider the SDGs.

The oceans goal is repeatedly considered to be one of the least interconnected of the
SDGs. This may not however be an accurate representation of the oceans’ relatedness
to other goals, and the reasons for this provide useful lessons in considering future SDG
interaction analysis. The process of nexus thinking or contemplation of specific linkages
between 2 or more SDGs is related. Life under Water, SDG14, in nexus language is most
commonly associated with the climate goal. To be sure, the ocean and the climate are
fundamentally and inextricably intertwined, both in terms of how they function and their
future. The question now is how to engage systems thinking to recognise the danger posed
by failing to embrace the ocean-climate nexus.

2. Oceans and SDG 14

The ocean is the main support system for human and planetary wellbeing, and it is
increasingly recognised as being in crisis, with a diminishing window of opportunity for
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action. It is often reported that the ocean occupies 71% of the surface of the planet, however
if considered in terms of liveable space in both breadth and depth then the ocean actually
occupies more than 97 per cent [2]. Climate change is the preeminent issue driving change
in the oceans, and overall, its effects have been global and manifested rapidly and at larger
scales [3]. Oceanic warming, acidification and deoxygenation issues are of critical concern,
resulting in major impacts on ecosystem structure, function and service provision as well
as being of high regulatory complexity and with large socio-economic impact [4–7]. These
alterations in the ocean system are cumulative and often occur at an exponential scale, that
is changes in ocean chemistry may not be reversible, especially in terms of gross ecological
and ocean processes [2,8–11].

The oceans are contemplated in SDG14 Life Below Water, the goal of which is to
‘conserve and sustainably use the oceans, seas and marine resources for sustainable de-
velopment’. Ocean targets comprise ecological and socioeconomic concerns, including
reducing marine pollution (SDG 14.1); restoring marine habitat (SDG 14.2); reducing im-
pacts of ocean acidification (SDG 14.3); eliminate overfishing as well as illegal, unreported
and unregulated fishing (SDG 14.4); conserve marine areas (SDG 14.5); eliminate harmful
fishing subsidies (SDG 14.6); and increase economic benefits to Small Island Developing
States (SIDS) and least developed countries (LDCs) (SDG 14.7).

It is only in recent years that the ocean has been broadly recognised as exhaustible,
with previous policy positions equating the immensity of the ocean to inviolability [2].
This is a significant paradigm shift in that it requires an entirely new mindset approach
to the management of oceanic resources and conservation approaches. The shift from
inexhaustible resource to shared responsibility has been a slow one, due inter alia to the
common property character of the maritime area, the longstanding nature of extractive
interests, the siloed sectoral management systems and complex multilateral governance
regime. To be sure, only transformational change will allow for the scale of action needed
to keep pace with the escalating impact of humans upon the ocean.

3. Systems and Transformational Change

There is still time left to achieve the sustainable development goals, but it will re-
quire an unprecedented global effort and transformational change across all sectors of
the economy. Such transformation will also need to go beyond a siloed policy approach
and affirmative remedies to symptoms, to address the root cause of our unsustainable
socioeconomic structures and political and environmental issues, while enhancing human
rights and gender equity [12,13]. To achieve the 2030 Agenda for Sustainable Development,
it will also have to go beyond integrating the 169 development indicators into national
strategies, and venture into a global context.

Whilst the term ‘transformational change’ is now being widely used in international
sustainability discourse [12,13], and despite many attempts to define it, there is no one com-
monly agreed definition. A range of general attributes of the processes of transformational
change can however be extracted from the wide range of examples in literature:

- Is a highly non-linear process.
- Involves a multi-actor, multi-level approach.
- Explicitly changes the structure or fundamental attributes of a system.
- Large scale system-wide alterations that are sustained over a long period of time.
- Does not imply normativity; moreover, is defined by a transformational goal [14].

Transformational change can be understood as going beyond other types of change,
such as incremental change or integrated policy and institutional reform and innova-
tion, however these changes can create the enabling environment for transformational
change [13,14]. Efforts to disrupt old path dependencies and forge new paradigms, how-
ever, do not inherently lead to positive transformational outcomes towards sustainable
development. Similarly, change can be unpredictable, with chains of causal processes often
hard to identify.
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To help decision-makers target policy interventions and actions that achieve transfor-
mational change and avoid unintended consequences, the entire systemic context must
be considered [14] and progressive pathways identified [13]. To ensure a better state is
achieved from the transformational change, long-term transformational goals should be
set, and designed to harmonise planning across climate and sustainable development. In
setting such goals for major structural transformations, concepts of planetary boundaries
can aid in defining a safe operating space to support natural systems, societal well-being
and growth [15].

3.1. Thresholds and Tipping Points

There are various concepts used to describe the constraints of our earth’s finite natural
resource base, such as ‘tipping points’, ‘sustainable production and consumption’ and
‘carrying capacity’ [15]. The planetary boundaries framework outlines the key limits to
seven of earth’s life support systems: climate change; biodiversity loss; nitrogen and phos-
phorus cycles; freshwater use; land system change; ocean acidification; stratospheric ozone
depletion; chemical pollution and aerosol loading, can aid in describing such constraints
from a necessary global perspective. The interconnected nature of complex systems means
that taking this global view will illuminate interactions and overlap of subsystems beyond
that of an approach at the local or national level.

Systems planning and understanding of SDG interaction is particularly relevant
where action to achieve one SDG may generate a tipping point or system transition that
could dramatically affect the ability to achieve another goal [16]. Thresholds and tipping
points however remain a central knowledge gap. What is known is that reaching such
limits catalyses abrupt change and transition to novel states [17]. There are a number
of high-probability high-impact tipping points in the ocean’s systems such as warming,
acidification and deoxygenation. Low-probability high-impact tipping points include ice
sheet instability and circulation changes, which would cause dramatic sea level rise and
changes in earth’s heat budget respectively [18]. It is critical to monitor and prevent not
only abrupt systems change from singular catastrophic events, such as those typically
associated with climate-induced tipping points, but also gradual change which can be
cumulative, as well as tipping points cascading from other tipping points. Such climate
and GHG-induced ocean changes would have a profound impact not only on the marine
environment, but on the ecosystem services it provides and as well as society [18].

In order to avoid ocean tipping points, mitigation metrics need to include not only
CO2 concentrations and global mean surface temperatures, but also socio economic targets
and confounding ecosystem stressors such as overfishing, pollution and plastic contami-
nation [18]. In this regard SDG modelling needs to identify interactions that are likely to
catalyse movement towards tipping points so as to allow policy priority for those thresh-
olds that are most likely to result in irreversible or exponential change, and where the
risks of passing a tipping point are catastrophic. Transformational change is needed to
prevent systems that are nearing tipping points exceeding their limits and priority must be
given to these in any assessment of SDGs. Improved knowledge of thresholds and tipping
points would inform understanding of interactions between SDGs and would be crucial to
SDG achievement [19]. Interactions of SDGs with extended understanding of planetary
boundaries may be a useful way to include otherwise omitted elements from the Agenda
2030 SDG inter relational analysis.

3.2. Obstacles to Transformational Change

There are a range of obstacles to achieving transformational change, with outcomes
often hindered by not having a deeper understanding of the impacts of power dynamics—
risking further marginalisation of vulnerable groups; policy incoherence; conservative
gender norms; inability to sustain change; special interests that reinforce business as
usual (BAU) and weakened state capacity including fiscal capacity [12,13]. Furthermore,
transformational change must be translated beyond academic concepts and applied into
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practice, which will require attention towards not just transformational outcomes, but also
related to institutional structures and implementation processes [12]. This shift remains
ambiguous [12]. Perhaps the most critical overarching barrier is that the field remains
somewhat nascent, with a limited body of research and ongoing questions around what
constitutes transformational change, leaving the concept open to potential manipulation
and justification of the status quo [12]. Effecting transformational change remains however
perhaps the most effective hope we have of correcting systems that are nearing or past
tipping points. As such attention needs to be given to understanding the systems and the
elements necessary to facilitate transformational shifts.

4. SDGs and Nexus Thinking

The United Nations’ 2030 Agenda on Sustainable Development describes the 17 goals
and the 169 targets as forming an ‘indivisible whole’ [20]. They are intended to accelerate an
integrated approach to the consideration of diverse human and planetary health challenges.
This alignment of the SDGs challenges current sectoral interests, processes and structures.
In stating that countries should implement the agenda as a whole, the UN recognises
that actions to advance any one SDG will likely affect the achievement of the others and,
moreover, that substantial economic, social and environmental benefits will accrue from
actions that capitalise on synergies between multiple SDGs [16,21]. Reflecting this, calls
have been made for approaches and tools to support increased understanding of the nature
and strength of interactions between SDGs, in particular trade-offs, co-benefits and perverse
outcomes [22,23]. This is intended to lead to the design of implementation strategies to
optimise the effectiveness of actions.

This thinking has led to the development of systems thinking methodologies for how
SDGs interact. From this has arisen the nexus language typically applied to the interrelation
of two or more SDGs, specifying interactions, and discussing synergies and trade-offs
from the perspective of that issue area [24]. Broader attempts at whole of SDG analysis
has, by and large, been restricted in application to country specific scenarios. Indeed
and notwithstanding the UN emphasis on priority, there have been relatively limited
practical advances in methods to understand and prioritise interrelated and systemic
approaches to the entire suite of goals, and the properties of the system as a whole are
poorly understood [21,25].

There is, to be sure, a high level of complexity in modelling the interactions between
such a large number of goals, targets and supporting actions. Early mapping exercises have
demonstrated the important interconnections between achieving goals, but experience
suggests that government departments and international agencies do not always have the
mandate or skills to apply whole of systems thinking or realistically address what might at
first appear to be inconvenient and politically contentious trade-offs and unintended conse-
quences. Unfortunately, very little attention has been paid to the institutional structures
required to achieve the goals and interactions [26].

A broader concern that has been given very limited attention is the question of the
appropriateness of relying upon a series of ultimately politically determined goals to dictate
the priorities of human and planetary boundaries into the future. To be sure, although the
SDGs were a bold inclusion of environmental imperatives into the precursor Millennium
Development Goals and based on scientific premise, the creation of SDGs was an essentially
political process [27], the product of which had to be both palatable to governments and
achievable within a politically appropriate timeframe. Acknowledging that selection bias
exists in SDGs and that they are neither entirely comprehensive nor based on purely
scientific needs assessments, allows recognizing that prioritising actions based on these
goals alone may lead to non-optimal outcomes. Although intended to be interactive, the
use of these targets to prioritise and drive global action in this manner risks additional
perverse outcomes through the omission of other equally important factors and actions
that were not included in the goals.
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As a series of goals and targets, the SDGs do not purport to be prioritised or even
inclusive of all identified planetary health needs. Indeed, SDG13 climate is recognised as of
preeminent importance [2] but in no way is this reflected in the goals themselves. Adding
to this is a recognition of the age of the goals. Several years in the negotiating, and now over
five years old, a mechanism for the inclusion of new information, priorities and concerns
in areas of rapidly developing understanding such as oceans, is absent. In a time of rapid
change, the goals on which we base planetary health decisions need to be adaptive to the
inclusion of new knowledge and priorities. Emphasis is placed on the need for ‘up-to-date
empirical knowledge’ on how the goals and interventions of one sector affect another [21].
Though not suggesting a constantly moving framework which would lead to confusion
and inaction, such empirical assessment necessarily includes consideration of emerging or
escalating issues within the goals. It is important to recall that if a matrix of interactions
is not valid then the derived and prioritised actions will be equally invalid [25]. Steps to
ameliorate this problem include the integration of planetary boundary measures in Agenda
2030 analyses.

Methodology of SDG Interaction Analysis

Considerable focus has been paid to the identification of synergies or trade-offs among
SDGs and the context in which they may occur [21,28,29]. A recognised range of elements
are fundamental to any such analysis including that of directionality, strength and necessity,
as well as context dependency. To illustrate this one author describes relationships in terms
of trade-offs, co-benefits, optionality and context dependence or independence [30]. To
date studies that have developed frameworks to examine the interactions among the SDGs,
we have applied a range of different classification schemes [21,23–25], although progress
has been made in the categorisation of relationships through a widely accepted seven step
system [21,23]. Notable in its absence in assessment methodology are the more nuanced
aspects of goals and targets such as the level of uncertainty, the irreversibility, temporal
and physical scale and the emergence of new knowledge.

Analyses vary in scale: some at the level of goal and others at the level of target.
Those done at goal level are broader and more amenable to interpretation. At the target
level, much greater specificity occurs and as such substantive interactions are more easily
discerned [28]. As such although targets include more detail, they also have the negative
element of possibly limiting the analysis to the sphere of the particular targets, whereas goal
level analysis may allow for broader interpretation and as such a wider range of linkages
to be recognised.

Generally, studies have applied a global forward-looking model-based analysis, with
most papers focused on a holistic analysis of the 17 SDGs relying on some form of data
mining or expert survey [24,25]. One early exception was a study that applied a textual
analysis, which although instructive in the language is unable to contemplate nuanced or
implicit linkages in the targets. As such goals that use unique technical language are likely
to receive reduced correlations as compared to those with similar descriptors [31]. For
example, target 14.3 ‘Minimise and address the impacts of ocean acidification, including
through enhanced scientific cooperation at all levels’ shares no textual overlap with SDG
13 relating to climate change. Predictably, model-based studies have revealed additional
linkages between goals and targets to that of textual analysis, and confirm that scientifically
relevant connections go beyond the targets that are explicitly reflected in the SDGs [31].

The viability of a globally applicable methodology is uncertain. Assessments on SDG
interactions, synergies and trade-offs vary widely in their conclusions [16]. Significant
issues arise from existing studies where information is derived primarily from systematic
literature reviews and expert opinion, including that of data source and participant bias.
Methodologies employed means that the quality of the analysis depends on human interpre-
tation and assessment and consequently interactions may be missed, and the true nature of
the relationships misunderstood. For example, the scoring of interactions in a cross-impact
matrix will reflect the knowledge areas and biases in judgment-based assessors [25]. That
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is to acknowledge that scientists too are influenced by worldviews and beliefs [32]. Future
assessments would benefit from robust review of data inputs, carefully designed systematic
expert selection and use of consensus methodologies such as the Delphi method [16,33,34].
Similarly, reliance on data mining and systematic literature reviews is also susceptible to
biases, including those similar to that of direct SDG textual analysis in that some SDGs may
have a comparatively low range of cross-disciplinary terminology than occurs between
other SDGs. In addition, results will be influenced by the breadth of scholarship in an area
and the substantive content produced, and as such the size of a body of work within a
discipline may influence how interrelational it appears. To be sure, priorities derived from
interaction analysis may reflect biases similar to those that were present in the political
process from which the SDGs emerged. This is not to criticise or undermine the validity of
such methods but suggest that these methods will be more reliable and robust if enhanced
by a systematically comprehensive knowledge and epistemological base.

5. Systems Change in the Ocean-Climate Nexus
5.1. The Interrelationship between the Ocean Other SDGs

In the majority of assessments SDG14 is among the least interconnected of the SDGs [30].
The ocean is immense in size, of fluid nature, with high biological and physical variability.
Topic based analysis from extensive multidecadal literature analysis however reveals many
more linkages, a result that is supported by expert-based analysis when oceans expertise
is engaged in this process [30]. This is in part due to the physical, jurisdictional, logistical
and financial difficulties inherent in researching the ocean, which translates to a reduced
number of publications and resultant lower occurrence of SDG14 interactions. The need for
greater oceans research is recognised in the declaration of the UN Decade of Ocean Science
for Sustainable Development (2021–2030). As a research field, the ocean is relatively young,
all of which result in an unusually high number of scientific unknowns, and often complex
and qualified results. This lack of recognition of connectivity is part of the reason that
SDG14 has the least identified progress, and has received the third lowest philanthropic
funding of all SDGs [30].

For example, it is seldom recognised in analyses that there are strong co-beneficial
linkages between SDG7 ‘affordable and clean energy’ and the oceans goal. These include
Target 14.6, wherein successful negotiation of an agreement under the auspices of the World
Trade Organisation to eliminate harmful fisheries subsidies, including fossil fuel subsidies,
will pave the way for possible broader consideration of the removal of environmentally
deleterious fossil fuel subsidies. Similarly offshore wind has emerged as a major source
of energy with the potential to power the world’s current energy needs 18 times over,
and hence there is a strong correlation between oceans and the goal of achieving clean
and affordable energy [35]. Additionally emerging wave and tide technologies are one
of the few renewable energy sources that are not limited in their continuity of provision.
These are rarely represented in SDG matrix assessments. Similarly, SDG14.1 relates to
marine plastics pollution which is heavily linked to SDG12 of Responsible Consumption
and Production, but also has impacts on phytoplankton’s ability to process CO2 (Climate
Action); as well as marine ecosystem health, sustainable fisheries and hence SDG2 on
hunger and food security.

Of additional concern in SDG analysis, and highlighted by SDG14, is the limited
consideration of the temporal scale beyond its contemplation in terms of deadlines for
SDG targets [20,24]. Implicit consideration may occur in the assessment of interactions as
the assigned strength of relationship depends heavily on timeframes for change, ranging
from real time to those substantial time lags. The problem with only implicitly considering
the temporal scale is that we fail to plan for the fact that the longer we pursue unsuitable
actions the less likely it is that there is an available pathway to recovery, and the closer
we move towards ecological disaster. Herein the reversibility of change is of critical
importance. For example, the introduction of plastics or the overharvesting of the ocean
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may not have an immediate impact but will create irreversible issues for future poverty
and hunger alleviation.

Moreover, also of influence are the governing institutions and frameworks which is the
topic of SDG16. Negative impacts are more likely to occur, or be larger, when institutions
and rights are weak [28]. This is a form of governance-dependency wherein a negative
relationship occurs as the result of poor governance, rather than an intrinsic trade-off itself.
For example, fisheries have been associated with ecosystem destruction, however this is a
non-genuine trade-off, since the trade-off is not intrinsic to fish extraction but comes from
the manner in which it is managed.

5.2. Ocean-Climate Nexus Thinking

Nexus thinking has recently expanded to include ocean-climate interactions. The
physical relationship between the climate and ocean is well known, with the ocean having
absorbed 93% of anthropogenically generated heat and almost one-third of the CO2 [36].
Similarly, oceans are heavily linked to climate impact and along with coastal areas are
a significant part of adaptation and resilience action. Ocean based industries also offer
significant opportunities for emission mitigation and have a substantial role in options for
the removal of legacy emission [37]. To be sure the ocean-climate nexus is complex and as
with other nexus fields there is a lack of clarity in its meaning, with little explanation beyond
highly scientific data or fundamentally superficial definitions. The highest priorities and
greatest number of linkages identified in the SDGs relate to climate change and the limiting
of temperature rise to 1.5 degree [2]. As related to the marine environment, research
paints a dire picture of accelerated ocean heating, reaching depths much greater than
previously realised [6,8,9]. Additionally, the ocean as a slow changing environment is
particularly prone to difficult to reverse impacts such as changed states of eutrophication
and consequential acidification. By the time we address these measures the time for
known remedies may have passed. Whilst the ocean-climate nexus has been considered in
terms of various needs and opportunities little progress has been made in its organisation
and prioritisation.

Emphasis on the need to consider the ocean-climate nexus has come primarily from
oceans practitioners across the range of fields. Resistance to this recognition and engage-
ment has been seen from climate practitioners and institutions, and is likely due to a
multitude of reasons. It can primarily be explained in systems language as mistaking path
dependency with the need to pursue multiple pathways. That is path dependency implies
that several equally plausible solutions are possible, and the solution depends on the path
that is followed. However, this is not a path dependency scenario and there are not multiple
equally plausible solutions. Instead, all possible actions need to occur in order to achieve
the desired result of keeping temperatures within the 1.5 degree limit. Climate action
requires the simultaneous pursuit of emissions mitigation across sectors and environments,
application of nature based solutions, and innovations to capture and store legacy carbon.

This reluctance to engage in ocean-climate nexus issues can be seen within the UN-
FCCC framework [37]. The climate area is a challenging and complex one, adding to
this the additional difficulty of conceptualising oceans, with the multifaceted problems of
ocean-atmosphere heat and gas exchange, ocean-atmosphere biological feedback loops,
emissions beyond national jurisdiction, a multifaceted and disparate governance system
and high comparative level of scientific uncertainty. The reluctance of the UNFCCC to
engage in oceans is reflected in the fact that the decision in 2016 to draft the IPCC Special
Report on the Ocean and Cryosphere in a Changing Climate (SROCC) came not from the
UNFCCC but from the IPCC itself. That is, it was the scientific intergovernmental body, not
the governance entity, that recognised the need for engagement with the ocean-climate nexus.

The question is what happens when only one SDG wants to consider an interaction
and what are the impacts of reluctance in engagement? Applying a terrestrial lens to
climate minimisation in relation to food production (SDG2) and presuming the ocean as a
panacea as has been done in the past through assumptions of inexhaustibility will lead to
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perverse outcomes and threaten the achievement of multiple SDGs. Whilst acknowledging
SDG13 as a priority area with greatest linkages to other SDGs does not however justify a
siloed approach. The omission of ocean-based climate action in favour of existing climate
priorities will amount to only one result—system failure. That is, ‘if the Paris Agreement
is to be successful then the ocean must be fully integrated into the climate regime . . . so
ocean–climate interactions and consequences are properly recognised and managed’ [2].

5.3. Tragedy of the Oceans Commons

One particular challenge that faces systems thinking in relation to SDG14 is the
common property nature of oceans and their resources. The ‘tragedy of the commons’ is a
phase applied in the 1960s to the situation of a shared resource that is overexploited due to
individuals acting to their own advantage, or failing to realise or choosing to disregard that
the net disbenefit would result in the depletion and exhaustion of the resource for all [38].
Tragedy can be applied not only to the over extraction of a resource but also to its overuse
as a sink, and thus is relevant also in terms of climate goals.

The concept behind State territorial boundaries is that clarity in legal obligation
based on jurisdiction will limit the potential for conflicts over sovereign authority: it is a
mechanism designed to maintain peaceful world order. In the maritime context the Law of
the Sea Convention prescribes a series of zones of differing jurisdiction. For the purpose of
our discussion the most important of these is the 200 nm Exclusive Economic Zone wherein
states have the right to exploit the natural resources contained therein with a concomitant
responsibility to protect the environment. Beyond this zone is a shared area of ownership
referred to as the Area Beyond National Jurisdiction (ABNJ), and covering almost two-
thirds of the oceans. Problems arise with respect to such areas precisely because no clear
jurisdiction exists [39]. Though long recognised as an issue in oceans management, little
has been done to redress the problem and different uses are managed in a siloed piecemeal
fashion. Even current negotiations relating to ABNJ are oriented on a sectoral basis, through
fisheries, deep seabed mining or biodiversity forums. Transformational change is needed
in the approach taken to managing economic activities in ABNJ [2], wherein biodiversity
and ecosystem resilience must be at the forefront, and a cross-sectoral approach to policy,
planning and management is developed. Without an integrated functional governance
through which a common resource can be managed the system as a whole is vulnerable
to perverse outcomes. Such an absence, moreover, creates a substantial disincentive and
barrier for other regimes to interact in a mutually beneficial manner.

Other issues with the common resources relate to disparity from those that are causing
the impact and those that are facing the consequences. In relation to the ocean-climate nexus,
it is the SIDS that are likely to face the greatest negative consequences from ocean-climate
impacts [40]. This environmental vulnerability means that sustainable ocean development
is a priority to these States, however economic vulnerability makes them dependent upon
‘international partnerships to address global issues over which it has little control’ [26]. Blue
economy activities that have negative impacts need to be taxed sufficiently to fully remedy
the cost to the global commons [2]. Historically SIDS lacked political power or financial
resources, however as one of the most affected regions by climate change SIDS have become
a vocal group in the movement to have oceans included in climate change discussions.
Indeed, in the context of SDG interactions, the relative lack of links between SDG14 and
other goals may be more problematic to SIDS than appears at the global level [31]. With
mind to this, more attention should be paid to their calls for ocean-climate action.

5.4. Complexity and System Boundaries

Barriers to the consideration of issues with a high level of uncertainty and complexity
have been contemplated above. In terms of systems thinking, the extent to which complex
issues are integrated into a system varies greatly, but, as a generalisation, as the number
and complexity of interactions increases, so do impediments to the application of systems
thinking. Issues of marine sustainable use tend to be complex, and the surrounding
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policy process reflects these complexities. The marine environment has a high level of
variability in influencing factors and it is often difficult to distinguish between causal
relations and correlations.

Although on the surface there is an attraction in understanding the interaction of all
17 SDGs, the validity and utility of this process must be continually reassessed. The earth’s
functions have no ultimate boundaries, yet to ensure interactions are at a conceptually
and functionally manageable level systems thinking requires the creation of boundaries.
The goal of understanding whole-of-system interactions may result in information that
is so complex that it obscures the outputs [1]. Such complexity may be used nefariously
to camouflage inaction when the pursuit of political goals in the national interest are
prioritised over globally agreed targets. Translating complex information into effective
policy planning and implementation remains an elusive goal [26].

It is essential to remember that system boundaries are however a human construct [1].
The extent to which evidence and logic impact upon a final policy is tempered by political
and systematic constraints. Complexity and uncertainty has the effect, in polarised settings,
of allowing science to simultaneously validate several opposing arguments. It can be used
as both a key lever as well as a barrier to paralyse policy decisions, and cause the premature
closure or exclusion of an issue. The extent of scientific influence is highly dependent upon
the ‘organisation of the relationship between science and politics’ [41]. This relates to the
malfunctioning of the communications process between policy makers and the scientific
community, as well as the determinative influence of the structure and role of the particular
institutions involved. Even where ideal conditions exist for the successful translation of
scientific advice into a policy position, the ultimate solution for human society is political
and expressed as policy [42].

5.5. The Barrier of Uncoordinated or Disparate Governance

International regimes vary considerably according to their scope and form, the level
of adherence and the instruments through which they are given effect, as well as their
administrative arrangements, budgets and resources. Whilst SDG linkage analysis can
assist in structuring a plan for realising the goals [43] without transformational change this
necessarily sits within existing frameworks of operation, and both national and intergovern-
mental responses will be impacted by both competing priorities and limited budgets [25].
The importance of institutions and regulatory frameworks is recognised in Goals 16 and
17 though are predominantly at the national level, with inadequate contemplation at the
global scale.

A governance system may be fit for purpose for managing a single sector and yet
overly complex when needing to interact with other SDG sectors. As such ‘an emerging
major research theme in sustainability science is determining appropriate and intercon-
nected governance structures to achieve such multi-attribute goals within very complex
systems’ [26]. Although often discussed in the national context [26] this applies equally to
the UN system of international governance which lacks any mechanism by which those
universally consistent co-benefits and trade-offs among the SDGs can be contemplated
or negotiated.

Indeed, the global ocean governance framework is highly fragmented. As such
attention to the ocean-climate nexus has primarily been directed through the UNFCCC
process as this offers a single coordination point. Consequently, oceans have had to justify
their inclusion in the process, which has to date met with limited success [44]. Unlike the
Executive of the UNFCCC, the UN Special Envoy for the Oceans does not have access to
the breadth of institutional support afforded their climate counterpart. In addition, ocean
literacy remains poor and enhanced capacity building and awareness raising are needed
to support the implementation of SDG14 at all levels [28]. It is for this combination of
reasons that, although inextricably linked, climate has both public and political priority
over oceans warming.
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6. Conclusions

Systems thinking is a range of things including a basis for a science-policy dialogue,
a tool for policy coherence and a means by which to prioritise for efficient and effective
action. Systems thinking, however, is only as good as the systems definition and there are
risks if we get this wrong. Research that disentangles interaction amongst the SDGs can
provide for better policy decisions, less unintended consequences, higher probability of
goal realisation.

Whilst intended to benefit SDG implementation, assessments of SDG interaction and
assignment of priority based on this measure must be approached cautiously. Recognising
that existing methodologies and metrics may skew results away from demonstrating
need, additional considerations such as irreversibility ought to be included in assessments.
Additionally, there is a danger in accepting an analysis as fixed, especially in quickly
transforming fields (such as climate innovation) and those with rapid knowledge gain
(such as oceans).

Whilst agreeing that international collaboration must give primacy to action on cli-
mate change, the impact of such action is diminished when it does not include all the
key elements. That is, failure to consider the oceans prevents the realisation of SDG13.
Remedying this could take several forms, including alignment within the climate regime
of the universally accepted approach to countries boundaries to include maritime areas
as contained under the ocean regime [44]; acknowledgement of the complexity, cultiva-
tion of greater ocean literacy and acceptance of the scientific communities emphasis on
ocean-atmosphere interactions in climate talks; and improved ease of cross communication
between ocean and climate through the assurance of a single oceans focal point within both
national and international systems.

Going forward a means of ensuring that interdependencies among sectors are taken
into consideration may be achieved through the inclusion of planetary boundary thinking.
This could accelerate transformative change and lead to the prioritization of issues and
nexus areas based on their proximity to reaching planetary tipping points. The need
to urgently prioritise action within the ocean-climate nexus would necessarily emerge
from such a process. The reality is that irrespective of whether oceans are accepted as a
mainstream part of the climate dialogue, a failure to adequately and expeditiously consider
the oceans will result in a systemic failure to achieve the 1.5 degree goal.

Author Contributions: Conceptualisation, S.J.B.; methodology, formal analysis and writing S.J.B.
and A.R. 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.

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

References
1. Meadows, D. Thinking in Systems: A Primer; Chelsea Green Publishing: White River Junction, VT, USA; Earthscan: London, UK, 2008.
2. Laffoley, D.; John, M.B.; Diva, J.A.; Duncan, E.J.; Currie, C.A.; Downs, J.M.; Hall-Spencer, H.H.-D.; Page, R.; Reid, C.P.;

Roberts, C.M.; et al. Eight urgent, fundamental and simultaneous steps needed to restore ocean health, and the consequences for
humanity and the planet of inaction or delay. Aquat. Conserv. Mar. Freshw. Ecosyst. 2020, 30, 194–208. [CrossRef]

3. Beaugrand, G.; Conversi, A.; Atkinson, A.; Cloern, J.; Chiba, S.; Fonda-Umani, S.; Kirby, R.R.; Greene, C.H.; Goberville, E.;
Otto, S.A.; et al. Prediction of unprecedented biological shifts in the global ocean. Nat. Clim. Chang. 2019, 9, 237–243. [CrossRef]

4. Gattuso, J.-P.; Magnan, A.; Billé, R.; Cheung, W.W.L.; Howes, E.L.; Joos, F.; Allemand, D.; Bopp, L.; Cooley, S.R.; Eakin, C.M.; et al.
Contrasting futures for ocean and society from different CO2 emissions scenarios. Science 2015, 349, 6243. [CrossRef] [PubMed]

5. Lam, V.W.L.; Cheung, W.W.L.; Reygondeau, G.; Sumaila, U.R. Projected change in global fisheries revenues under climate change.
Sci. Rep. 2016, 6, 32607. [CrossRef] [PubMed]

6. Cheng, L.; Abraham, J.; Hausfather, Z.; Trenberth, K.E. How fast are the oceans warming? Science 2018, 363, 128–129. [CrossRef]
7. Sumaila, U.R.; Tai, T.C.; Lam, V.W.; Cheung, W.W.; Bailey, M.; Cisneros-Montemayor, A.M.; Gulati, S.S. Benefits of the Paris

Agreement to ocean life, economies, and people. Sci. Adv. 2019, 5, eaau3855. [CrossRef]

http://doi.org/10.1002/aqc.3182
http://doi.org/10.1038/s41558-019-0420-1
http://doi.org/10.1126/science.aac4722
http://www.ncbi.nlm.nih.gov/pubmed/26138982
http://doi.org/10.1038/srep32607
http://www.ncbi.nlm.nih.gov/pubmed/27600330
http://doi.org/10.1126/science.aav7619
http://doi.org/10.1126/sciadv.aau3855


Environ. Sci. Proc. 2022, 15, 17 11 of 12

8. Breitburg, D.; Levin, L.A.; Oschlies, A.; Grégoire, M.; Chavez, F.P.; Conley, D.J.; Garçon, V.; Gilbert, D.; Gutiérrez, D.;
Isensee, K.; et al. Declining oxygen in the global ocean and coastal waters. Science 2018, 359, eaam7240. [CrossRef]

9. Oschlies, A.; Brandt, P.; Stramma, L.; Schmidtko, S. Drivers and mechanisms of ocean deoxygenation. Nat. Geosci. 2018, 11, 467–473.
[CrossRef]

10. Cattano, C.; Claudet, J.; Domenici, P.; Milazzo, M. Living in a high CO2 world: A global meta-analysis shows multiple trait-
mediated fish responses to ocean acidification. Ecol. Monogr. 2018, 88, 320–335. [CrossRef]

11. Wijffels, S.; Roemmich, D.; Monselesan, D.; Church, J.; Gilson, J. Ocean temperatures chronicle the ongoing warming of Earth.
Nat. Clim. Chang. 2016, 6, 116–118. [CrossRef]

12. Blythe, J.; Silver, J.; Evans, L.; Armitage, D.; Bennett, N.J.; Moore, M.L.; Morrison, T.H.; Brown, K. The Dark Side of Transformation:
Latent Risks in Contemporary Sustainability Discourse. Antipode 2018, 50, 1206–1223. [CrossRef]

13. United Nation Research Institute for Social Development (UNRISD). Policy Innovations for Transformative Change: Implementing the
2030 Agenda for Sustainable Development; UNRISD: Geneva, Switzerland, 2016.

14. Initiative for Climate Action Transparency (ICAT). Transformational Change Methodology: Assessing the Transformational Impacts
of Policies and Actions; Version; Olsen, K.H., Singh, N., Eds.; ICAT, UNEP DTU Partnership and World Resources Institute:
Copenhagen, Denmark; Washington, DC, USA, 2019; Available online: https://climateactiontransparency.org/icat-guidance/
transformational-change/ (accessed on 26 July 2021).

15. Rockström, J.; Sachs, J.D.; Öhman, M.C.; Schmidt-Traub, G. Sustainable Development and Planetary Boundaries; Sustainable
Development Solutions Network: New York, NY, USA, 2013.

16. Scharlemann, J.P.; Brock, R.C.; Balfour, N.; Brown, C.; Burgess, N.D.; Guth, M.K.; Ingram, D.J.; Lane, R.; Martin, J.G.;
Wicander, S.; et al. Towards understanding interactions between Sustainable Development Goals: The role of environment–
human linkages. Sustain. Sci. 2020, 15, 1573–1584. [CrossRef]

17. Scheffer, M. Critical Transitions in Nature and Society; Princeton University Press: Princeton, NJ, USA, 2009.
18. Heinze, C.; Blenckner, T.; Martins, H.; Rusiecka, D.; Döscher, R.; Gehlen, M.; Gruber, N.; Holland, E.; Hov, Ø.; Joos, F.; et al. The

quiet crossing of ocean tipping points. Proc. Natl. Acad. Sci. USA 2021, 118, e2008478118. [CrossRef] [PubMed]
19. Lapola, D.M.; Pinho, P.; Quesada, C.A.; Strassburg, B.B.N.; Rammig, A.; Kruijt, B.; Brown, F.; Ometto, J.P.H.B.; Premebida, A.;

Marengo, J.A.; et al. Limiting the high impacts of Amazon forest dieback with no-regrets science and policy action. Proc. Natl.
Acad. Sci. USA 2018, 115, 11671–11679. [CrossRef] [PubMed]

20. United Nations. Transforming Our World: The 2030 Agenda for Sustainable Development; United Nations General Assembly: New
York, NY, USA, 2015; Available online: http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E (accessed
on 3 August 2021).

21. Nilsson, M.; Griggs, D.; Visbeck, M. Policy: Map the interactions between Sustainable Development Goals. Nature 2016,
534, 320–322. [CrossRef]

22. United Nations. Synthesis of Voluntary National Reviews; UN Department of Economic and Social Affairs: New York, NY, USA, 2016.
23. Visbeck, M.; Ringler, C. A Draft Framework for Understanding SDG Interactions; International Council for Science (ICSU): Paris,

France, 2016.
24. van Soest, H.L.; van Vuuren, D.P.; Hilaire, J.; Minx, J.C.; Harmsen, M.J.H.M.; Krey, V.; Popp, A.; Riahi, K.; Luderer, G. Analysing

interactions among sustainable development goals with integrated assessment models. Glob. Transit. 2019, 1, 210–225. [CrossRef]
25. Weitz, N.; Carlsen, H.; Nilsson, M.; Skånberg, K. Towards systemic and contextual priority setting for implementing the 2030

Agenda. Sustain. Sci. 2018, 13, 531–548. [CrossRef]
26. Singh, G.G.; Oduber, M.; Cisneros-Montemayor, A.M.; Ridderstaat, J. Aiding ocean development planning with SDG relationships

in Small Island Developing States. Nat. Sustain. 2021, 4, 573–582. [CrossRef]
27. McGowan, P.J.; Stewart, G.B.; Long, G.; Grainger, M.J. An imperfect vision of indivisibility in the Sustainable Development Goals.

Nat. Sustain. 2019, 2, 43–45. [CrossRef]
28. Griggs, D.J.; Nilsson, M.; Stevance, A.; McCollum, D. A Guide to SDG Interactions: From Science to Implementation; International

Council for Science: Paris, France, 2017.
29. Morton, S.; Pencheon, D.; Squires, N. Sustainable Development Goals (SDGs), and their implementation: A national global

framework for health, development and equity needs a systems approach at every level. Br. Med. Bull. 2017, 124, 81–90.
30. Singh, G.G.; Cisneros-Montemayor, A.M.; Swartz, W.; Cheung, W.; Guy, J.A.; Kenny, T.A.; McOwen, C.J.; Asch, R.; Geffert, J.L.;

Wabnitz, C.C.; et al. A rapid assessment of co-benefits and trade-offs among Sustainable Development Goals. Mar. Policy 2018,
93, 223–231. [CrossRef]

31. Le Blanc, D. Towards integration at last? The sustainable development goals as a network of targets. Sustain. Dev. 2015,
23, 176–187. [CrossRef]

32. Wynne, B. Uncertainty and environmental learning: Reconceiving science and policy in the preventive paradigm. Glob. Environ.
Chang. 1992, 2, 111–127. [CrossRef]

33. Blas, E.; Roebbel, N.; Rajan, D.; Valentine, N. Intersectoral Planning for Health and Health Equity in Strategizing National Health in the
21st Century: A Handbook; World Health Organization: Geneva, Switzerland, 2016.

34. Cole, A.; Allen, W.; Kilvington, M.; Fenemor, A.; Bowden, B. Participatory modelling with an influence matrix and the calculation
of whole-of-system sustainability values. Int. J. Sustain. Dev. 2007, 10, 382–401. [CrossRef]

35. IEA. Offshore Wind Outlook 2019, World Energy Outlook Special Report; International Energy Agency: Paris, France, 2019.

http://doi.org/10.1126/science.aam7240
http://doi.org/10.1038/s41561-018-0152-2
http://doi.org/10.1002/ecm.1297
http://doi.org/10.1038/nclimate2924
http://doi.org/10.1111/anti.12405
https://climateactiontransparency.org/icat-guidance/transformational-change/
https://climateactiontransparency.org/icat-guidance/transformational-change/
http://doi.org/10.1007/s11625-020-00799-6
http://doi.org/10.1073/pnas.2008478118
http://www.ncbi.nlm.nih.gov/pubmed/33619085
http://doi.org/10.1073/pnas.1721770115
http://www.ncbi.nlm.nih.gov/pubmed/30397144
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
http://doi.org/10.1038/534320a
http://doi.org/10.1016/j.glt.2019.10.004
http://doi.org/10.1007/s11625-017-0470-0
http://doi.org/10.1038/s41893-021-00698-3
http://doi.org/10.1038/s41893-018-0190-1
http://doi.org/10.1016/j.marpol.2017.05.030
http://doi.org/10.1002/sd.1582
http://doi.org/10.1016/0959-3780(92)90017-2
http://doi.org/10.1504/IJSD.2007.017911


Environ. Sci. Proc. 2022, 15, 17 12 of 12

36. IPCC. IPCC Special Report on the Ocean and Cryosphere in a Changing Climate; Pörtner, H.-O., Roberts, D.C., Masson-Delmotte, V.,
Zhai, P., Tignor, M., Poloczanska, E., Mintenbeck, K., Alegría, A., Nicolai, M., Okem, A., et al., Eds.; 2019; Available online:
https://www.ipcc.ch/srocc/home (accessed on 3 August 2021).

37. Open letter from Peter Thompson UN Special Envoy for the Oceans to Patricia Espinosa Executive Secretary of the UNFCCC.
In COP26 and the Ocean-Climate Nexus; 28 April 2021; Available online: https://ocean.economist.com/governance/articles/cop2
6-and-the-ocean-climate-nexus (accessed on 3 August 2021).

38. Hardin, G. The Tragedy of the Commons. Science 1968, 162, 1243–1248. [CrossRef] [PubMed]
39. O’Connell, D. International Law, 2nd ed.; Stevens and Sons: London, UK, 1970.
40. Blasiak, R.; Spijkers, J.; Tokunaga, K.; Pittman, J.; Yagi, N.; Österblom, H. Climate change and marine fisheries: Least developed

countries top global index of vulnerability. PLoS ONE 2017, 12, e0179632. [CrossRef] [PubMed]
41. Andresen, S.; Ostreng, W. Introduction. In International Resource Management: The Role of Science and Politics; Andresen, S.,

Ostreng, W., Eds.; Belhaven Press: London, UK, 1989; pp. 1–6.
42. Caldwell, L. Analysis-Assessment-Decision: The Anatomy of Rational Policymaking. Impact Assess. Bull. 1991, 9, 81–92.

[CrossRef]
43. Singh, G.G. Determining a path to a destination: Pairing strategic frameworks with the Sustainable Development Goals to

promote research and policy. Evol. Inst. Econ. Rev. 2020, 17, 521–539. [CrossRef]
44. Bache, S. Recognising the Ocean-Climate Nexus: A Global and Regional Imperative. In Bradford et al. Towards Maritime Cooperation

in the Indo Pacific. In Memorial of Sam Bateman; Routledge: London, UK, 2022.

https://www.ipcc.ch/srocc/home
https://ocean.economist.com/governance/articles/cop26-and-the-ocean-climate-nexus
https://ocean.economist.com/governance/articles/cop26-and-the-ocean-climate-nexus
http://doi.org/10.1126/science.162.3859.1243
http://www.ncbi.nlm.nih.gov/pubmed/17756331
http://doi.org/10.1371/journal.pone.0179632
http://www.ncbi.nlm.nih.gov/pubmed/28632781
http://doi.org/10.1080/07349165.1991.9726069
http://doi.org/10.1007/s40844-020-00162-5

	Introduction 
	Oceans and SDG 14 
	Systems and Transformational Change 
	Thresholds and Tipping Points 
	Obstacles to Transformational Change 

	SDGs and Nexus Thinking 
	Systems Change in the Ocean-Climate Nexus 
	The Interrelationship between the Ocean Other SDGs 
	Ocean-Climate Nexus Thinking 
	Tragedy of the Oceans Commons 
	Complexity and System Boundaries 
	The Barrier of Uncoordinated or Disparate Governance 

	Conclusions 
	References

