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Pathways to a blue economy

Susan Gourvenec 2, Wassim Dbouk '°, Fraser Sturt”* and

Damon A.H. Teagle'”

Charting a path to a blue economy is imperative to avoid major
climate change and irreversible damage to marine ecosystems,
the wider environment and society. The blue-ness of the future
ocean economy and the associated health of the oceans and
our planet will be determined by the pathways chosen, the
strategies developed and decisions made now. Here, through
bibliometric analysis, multidisciplinary literature review and data
synthesis, we present prospective pathways that define
different future ocean economies. The intention is to provoke
interdisciplinary debate, exchange of ideas, further research
and action towards shifting the ocean economy from grey to
blue. We show that a business-as-usual pathway that sustains
the current grey ocean economy will lead to accelerated
violation of planetary boundaries and ultimately destruction of
the natural capital on which the ocean economy and humanity
depend; that a probable pathway, based on optimistic trends,
which attempt to meet the conflicting increasing demand of
populations globally and need to curb carbon emissions, is
insufficient to meet decarbonisation and broader sustainability
targets; and that a pathway to transition to a blue economy
requires ambitious proactive strategies and immediate
decisions, based on principles that aspire to the collaborative,
fair and sustainable use of the ocean.
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Introduction

The ‘blue economy’ and ‘ocean economy’ are often used
interchangeably to describe economic activities in the
oceans, along coastlines and on land supporting ocean-
based activities. Although there is no internationally
agreed definition of the ‘blue economy’ [1], its origin can
be traced to the United Nations Rio+20 outcome
document “T'he Future We Want’ [2], in which member
states pledged to ‘protect and restore the health, productivity
and resilience of oceans and marine ecosystems, to maintain
their biodiversity, enabling their conservation and sustainable
use for present and future generations’. The United Nations’
2030 Agenda for Sustainable Development and the
Sustainable Development Goals have further embedded
concepts of a just transition into the framework of sus-
tainability underpinning the blue economy. Here, we
define the ocean economy as all economic activities
connected to the ocean, whereas the blue economy is a
social construct and nascent subset of the ocean
economy embracing aspirations for sustainable use of the
ocean in line with the Rio+20 vision.

"The ocean, and economic activities supported by the ocean,
provide populations worldwide (coastal and inland) with
food, energy, water and other resources. It enables global
trade and transport, creates markets for marine and maritime
manufacturing, technology and service industries, supports
tourism, protects coastlines, hosts recreation and leisure ac-
tivities, and enables the projection of power by both friendly
and hostile nations and other actors. Throughout human
history, the ocean has enabled waves of pioneering settle-
ment and forced human migration, such that the ocean and
coasts are culturally significant for communities worldwide.
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Coastal populations are increasing at accelerating rates, with
more than one billion people living along the coast and
nearly three billion living within 100 km of the coast [3]; 8 of
the world’s 10 largest cities are coastal, and half a billion
people live on fragile deltas [4]. The ocean economy con-
tributes 2.5% of global GDP and provides formal direct
employment to an estimated 1.5% of the global workforce
[5]. If the global ocean economy were a national economy, it
would be the seventh largest in the world, and the ocean as
an economic entity would be a member of the G7 [6].

Aside from its economic, social and cultural importance,
oceans have essential moderating influences on Earth’s
climate and biogeochemical systems that sustain life. The
ocean produces ~50% of atmospheric oxygen and has
absorbed ~30% of anthropogenic carbon dioxide (CO,)
emissions and heat, partially mitigating the impacts of
global warming. It must play a central role in climate
action as a provider of zero-carbon energy, fuels, food,
resources, and as a critical means for carbon sequestration
and waste management, including CO, disposal. Over
20% of the necessary greenhouse gas reductions by 2050
are predicted to come from ocean-based solutions, in-
cluding renewable energy, transport, ecosystems, fish-
eries and carbon storage [7]. Concurrently, the natural
capital’ of the ocean must be protected and current pro-
tections strengthened [8]. The “Outcome of the first
global stocktake” decision adopted during COP28 [9]
explicitly recognised the important role of the ocean and
coastal ecosystems for mitigation action, adaptation and
resilience, whilst noting the intersection between climate
and biodiversity action and the importance of climate
justice when addressing climate change. By focusing on
the need for a fair and equitable shift toward sustainable
economic activities that protect both people and the en-
vironment, the Just Transitions Work Programme [9]
operationalised during the same COP offers a vehicle to
drive ocean-based industries to evolve in a way that is
inclusive, sustainable, and socially responsible.

In this review paper, we explore prospective pathways
that will define future ocean economies and what is
needed to transition from a grey to blue ocean economy.
Firstly, we present a bibliometric analysis and literature
review on the ocean and blue economy to underpin the
proposal of different ocean futures and the different
pathways that will lead there: the business-as-usual
pathway, probable pathway and blue pathway. The
pathways are intended as counterfactuals, supported by
the current literature, and actionable frameworks that are
or can be taken, which will lead us to perpetuate a grey
economy or to transition to a blue economy.

! Natural capital is considered as the stock of renewable and non-
renewable resources (e.g. plants, animals, air, water, soils, minerals)
that combine to yield a flow of benefits to people

Materials and methods

T'o better understand the development of the concept of
the ‘blue’ and ‘ocean’ economy, bibliometric analysis and
literature review were carried out. Following best practice
[10], this utilised Web of Science (WOS) as a primary
database with Python and NVIVO used for Latent Di-
richlet Allocation (LDA) analysis and additional visuali-
sation. Within WOS; searches were carried out via ‘topic’,
ensuring the selected terms were searched for across title,
keywords and abstract fields. The search for ‘blue
economy’ revealed 1587 publications between 2011 and
2025, with a rapid increase in activity from 2020 onwards
(Figure 1a). A search for ‘ocean economy’ gave 247 re-
sults, with the first use of the term arising in 2004. The
overall shape of the curve mirrors that given in Figure 1a,
reflecting the increasing rate, but at a lower order of
magnitude. Most publications come from environmental
sciences (763) and incorporate a mix of foci. Analysis of
author-selected keywords reflects this mix of foci, giving a
view of a heterogeneous corpus of works. In order to
enable comparisons, this varied body of literature LDA
analysis was undertaken to determine principal thematic
areas of research by five-year windows from 2011 on-
wards. LDA is an unsupervised machine learning topic
modelling algorithm. It was used to look across both au-
thor-selected keywords and within abstracts to identify
predominant topics. These topics are shown in Figure 1b
(by frequency) and in Figure Ic, normalised against the
total of publications within each five-year window. What
emerges from this is the centrality of sustainability, sus-
tainable development and blue growth in discourse on
the blue economy, and the increasing importance of
fisheries and aquaculture, as well as renewable energy.

Although WOS is an invaluable resource, incorporating
over 50 000 000 articles across 250 categories, it should
be noted that it favours English language publications
and in some subject areas can be seen to be Eurocentric
in focus [11]. Consequently, our view of the ‘blue
economy’ may be similarly skewed, with 1564 of the
1587 of the source articles being in English.

While the bibliometric analysis provided a view of broad
trends within the literature, it also pointed to a shifting
focus on particular sectors and a trend towards general-
ising accounts. T'o move beyond this, and to incorporate
a broader spectrum of ocean economic activity, we have
identified and subdivided the activity into 25 sectors
(Figure 2), each placed on a spectrum from established
to emerging and by whether the activities take place in
the ocean, along the coastal zone or on land. The es-
tablished-emerging categorisation is not binary but a
continuum, recognising that sectors emerging in one
region may be established in others, or can be con-
sidered emerging by offering significant potential for
economic growth, sustainability transition, as well as job
creation [12].
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Bibliometric analysis: (a) number of publications for ‘blue economy’ 2011-2025, (b) LDA thematic analysis over five-year periods, and (c) LDA themes
normalised by number of publications within a five-year window.

www.sciencedirect.com

Current Opinion in Environmental Sustainability 2025, 77:101570



4 Decade of Sustainability Action

Figure 2

| OCEAN-BASED

Oil & gas exploration and production

o\ Seafood: Wild capture fishery
& aquaculture

Marine transport: Shipping

Cruise tourism

SNORCXO,

@

llegal economies, e.g. unlawful fishing,
piracy, misuse of MPEs

@ Submarine cables (comms & power)

®

Offshore renewable energy: wind,
wave, tidal, floating solar

Hydrogen production

6 Mining for metals, minerals & genetics
lgg)

®° @B

Bioeconomy and biotech

, m (macro & micro algae, bacteria,
O

fungi and invertebrates)
Defence, security & surveillance

MPEs & conservation

Ocean exploration

COASTAL-BASED

Coastal tourism & recreation
Port activities
Ship building & repair

Fish processing & transport

Coastal Protection

Human-made islands & floating

@O amenities (e.g. ports, airports)

Desalination

Salt production

Energy (incl. batteries) | Food

Trade Medicine . Industrial applications @ Recreation

Knowledge &
knowledge exchage

Hi-tech (marine robotics,
autonomy, Al)

Science, research, innovation

Training & education (for marine
& maritime related jobs) *noting all
other sectors provide jobs

PRIMARY APPLICATIONS

(noting many support human wellbeing
as a secondary application)

Communications

Human wellbeing Planetary wellbeing

Current Opinion in Environmental Sustainability

Established and emerging components of the ocean economy and their applications.

Much greater use of the ocean is inevitable by the mid-
century if we are to meet the demands of a 9+ billion
global population with increasing per capita consump-
tion of energy and resources. Future ocean use must be
underpinned by recognition of the limits of ocean re-
sources and the vulnerability of its ecosystems to human
activities, to avoid replication in the ocean of practices
evolved from industrialised energy extraction, agri-
culture, mining, manufacturing and urbanisation, and
further violation of planetary boundaries [13,14].

Ocean futures

Strategies for the future ocean economy must weigh the
tensions of protecting the ocean against the needs and
demands of an increasing global population, as well as the
drive for growth from corporations and governments. The
resolution of these tensions underpins the concept of the
blue economy: that through the responsible use and

stewardship of the ocean, society can enjoy economic
prosperity whilst reducing inequalities and poverty, and
supporting a sustainable ocean environment. Here we
postulate alternative ocean economy outlooks arrived at
through different pathways: business-as-usual, prob-
able and blue (Figure 3). There are of course infinite
outcomes for the ocean economy across the spectrum from
grey to blue, and numerous routes through each pathway,
depending on decisions made now and actions taken. The
decisions that will take us down each of these pathways are
developed in the following sections.

Business-as-usual pathway

The greatest uses of the ocean are for food, energy and
seaborne transport [12,15], and, as such, these sectors
currently contribute the greatest damage to the ocean
and the ocean’s natural capital, providing the basis for
the business-as-usual future elaborated on here. We also
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Prospective pathways to alternative ocean futures.

touch on a range of emerging ocean sectors that have the
potential to cause significant environmental harm, as
well as land-based activities that impact ocean health.

Food

Illegal, unreported and unregulated fishing is one of the
most damaging anthropogenic impacts on ocean €cosys-
tems [16]; even licenced activity such as bottom-trawling
alters seabed habitats, damaging or killing a range of
seabed fauna [17] and releasing significant carbon stores
from the seabed [18]. Abandoned, lost and discarded
fishing gear (ALDFG) threatens marine species [19], and
entanglement or ingestion of macro-plastics (including but
not limited to ALDFG) by marine life is widespread [20].
Escapes from aquaculture introduce invasive species and
disease, while other threats include pharmaceuticals, or-
ganic waste, chemical discharges and marine littering [19].
A third of the loss of mangroves in Southeast Asia between
2000 and 2012 has been traced to aquaculture [21], re-
moving important marine habitats and ecosystem services,
natural carbon capture and critical coastal protection,
which, in turn, causes detrimental effects to land-based
environments and communities, including destruction of
crops, dwellings and climate-induced migration.

Energy

The greatest environmental threat from the ocean-based
oil and gas sector is global warming from burning hydro-
carbons. Oil spills during exploration, production and

transport also pose threats to marine environments [19].
Offshore renewable energy can benefit the natural en-
vironment by reducing greenhouse gas emissions from
burning fossil fuels and minimising pollution to the air,
water or seabed. However, the construction, installation
and decommissioning of marine renewables structures
pose potential threats to the natural environment given
their lower areal energy yield compared to oil and gas
installations [22] and the ensuing greater number of such
structures required. These impacts may be direct, such as
noise pollution or indirect, including embedded carbon in
the offshore renewable infrastructure, and disposing of the
infrastructure at the end of the design life [23]. None-
theless, life-cycle analysis indicates that the environmental
effects of renewable energy developments are con-
siderably lower and more manageable than those of global
warming from burning fossil fuels (e.g. [24]).

Transport

Shipping enables the global economy but produces al-
most 3% of global carbon emissions [25], comparable to
the emissions of Japan or Germany with additional im-
pacts from methane, nitrogen and sulfur oxides, parti-
culate matter and black carbon. Environmental threats
from shipping also include noise, biofouling, ballast and
operational water discharges contaminated with chemi-
cals and invasive species, and impacts of shipping routes
on marine mammals [19]. Significant risk to the ocean-,

www.sciencedirect.com
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coast- and land-based environment is also posed by the
widespread ship recycling practice of beaching [26].

Emerging ocean sectors

Some emerging ocean industries have potential to cause
significant damage to the ocean environment, with
mining and dredging for scabed resources attracting
controversy [27]. There is currently uncertainty regarding
both the potential damage to the ocean from secabed
mining activities [28] and the effectiveness of interna-
tional regulations and restrictions governing these prac-
tices. These include access to mineral resources by state
and non-state actors, the distribution of benefits, and
raising technological capacities in developed states [28].

Land-based activities

The ocean, and the ecosystem that the ocean economy
depends on, is further threatened by a range of land-
based activities separate from the ocean economy.
Onshore anthropogenic CO, emissions, causing global
warming, also lead to ocean acidification. Excess fertiliser
and other run-offs from land agriculture eventually drain

Figure 4

into the ocean, causing cutrophication and increased
turbidity that damage important ecosystems, particularly
coral reefs [29]. Nine to 23 million tonnes of plastic enter
the ocean every year, mostly derived from the land [30].

Damage to the ocean, irrespective of source, will nega-
tively impact marine biodiversity and the health of the
ocean ecosystems. A healthy ocean is essential to sup-
port the transition to a resilient and sustainable blue
ocean economy and maintain the ocean’s moderation of
global warming and damaging climate change.

While the health of the ocean is inextricably linked to
human activities both in and beyond the ocean, here we
focus on those with the power to influence the ocean
economy, with a view to addressing the pathways to
achieving a blue economy. The largest industry by rev-
enue in the ocean economy is offshore oil and gas, with 9
of the top 10 largest companies in the ocean, followed by
marine equipment and construction (principally sup-
porting the oil and gas sector amongst others), and then
seafood (Figure 4a). The 100 largest corporations
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Distribution of revenue (a) across eight core ocean economy sectors, and (b) by country of Ocean 100 Headquarters (HQ).

Created from data compiled for the year 2018 from Ref. [15].

Current Opinion in Environmental Sustainability 2025, 77:101570

www.sciencedirect.com



operating in the ocean economy, coined the ‘Ocean 100
[15], are transnational corporations that operate world-
wide, although the concentration of headquarters (HQ)
indicates geographical power hotspots and domestic
economies that benefit most from the ocean economy
(Figure 4b). The governments of these countries play
influential roles, either by facilitating the ocean economy
through state ownership of corporations (60 of the Ocean
100 are publicly listed, though several are majority state-
owned and 21 are wholly state-owned), via subsidies, or as
recipients of tax revenue. Large transnational corporations
operate across extended supply chains and exercise con-
siderable capacity to capitalise on and monopolise mar-
kets [31], affording both threats and opportunities for
achieving a sustainable and just future blue economy.

Governments, government agencies, intergovernmental
organisations, environmental actors, think tanks and
charities have demonstrated ability to raise awareness
and mobilise support or collaboration, even between
actors with conflicting priorities. This includes trans-
parency initiatives to increase corporate accountability in
global supply chains [32].

Notably lacking global influence on the ocean economy, and
often politically marginalised, are the traditional users of the
ocean. For example, loss of access for small-scale fisheries,
by far the ocean’s largest employers, threatens human rights
and exacerbates inequalities [33].

The extrapolated business-as-usual pathway will lead to an
ocean economy that continues to be dominated by hy-
drocarbon exploitation, over-fishing, unsustainable aqua-
culture practices, terrestrial waste and polluting shipping.
"This future will be catastrophic for the environment and
will continue to impose inequality and injustice. A busi-
ness-as-usual future ocean economy continues to be based
on unsustainable and extractive philosophies and practices
adopted from industrialised land agriculture, mining,
manufacturing and urbanisation, driven by a preoccupation
with  growth and  ever-increasing  consumption.
Environmental and social injustices in the ocean and global
economy will persist, while current practices risk cata-
strophic climate change, depleting the natural capital es-
sential to both the ocean economy and humanity. The
business-as-usual approach accelerates the violation of
planetary boundaries, leading to a tragic future.

Probable pathway

Probable pathways are shaped by optimistic trends, with
growth in established industries, the emergence of new
sectors and fledgling industries striving to meet global
demand while curbing emissions [34].

Future trajectories of different ocean economy industries
vary markedly, with strong growth forecast in offshore
wind, marine aquaculture, fish processing, cruise and

Pathways to a blue economy Gourvenec et al. 7

coastal tourism [12], whereas capture fisheries [35] and
ship building show limited potential for growth. Other
sectors, such as oil and gas production [36] and related
commodity shipments [19] must, and are forecast to, de-
cline to 2050 and beyond. However, given the dominance
of oil and gas in the ocean economy, this declining sector
will retain an influential role. By contrast, strong growth,
even multiple-fold increases, in emerging ocean economy
sectors results in only minor proportional changes in the
makeup of the ocean economy.

Significant shifts in investment are forecast by the mid-
century, particularly in renewable ocean energy and food
[19], visualised in Figure 5. The proportion of ocean capital
expenditure (capex) in the oil and gas industry falls from
80% to 25% by 2050, compared to an increase in offshore
wind from <3% to 50%, with similar shifts in forecast op-
erating expenditure (opex). Despite this, these trends are
insufficient to reach the Paris Agreement targets or net zero
by 2050, leading to unsafe levels of global warming [37].

Marine seafood production is forecast to grow by 25% by
2050, principally driven by aquaculture, as capture fisheries
are expected to experience downturns driven by effects of
climate change and the impact on fish stocks of successive
generations of overfishing, However, forecast catch sizes still
exceed the maximum sustainable yield for capture fisheries
[38], reinforcing the need for stronger fisheries management
to avoid whole food chain collapse.

Significant increase in desalination is notable, driven by
growing prosperous coastal populations and by rising
water stress, much of which is linked to climate change
[19]; capacity and capex is forecast to almost triple by
2050, although still making up a relatively small part of
the ocean economy. Seabed mining for minerals and
marine genetic resources are much smaller and less
mature markets than even the smallest of the sectors
illustrated in Figure 4. Nonetheless, these industries
have the potential to escalate rapidly should technology
and regulation permit, and market needs grow.

Following a probable pathway, based on current opti-
mistic forecasts, offshore energy will continue to dom-
inate the ocean economy. Despite investment shifting
from hydrocarbons to offshore wind, oil and gas are ex-
pected to still provide over 70% of offshore energy by
2050 in the absence of more ambitious proactive inter-
vention [19]. Despite growth in offshore wind, the Global
Wind Energy Council has warned that current rates and
forecasts are insufficient to reach the Paris Agreement
targets or net-zero by 2050 [37]. Marine seafood produc-
tion will grow, driven by aquaculture, as wild capture
reduces due to the effects of climate change and over-
fishing. However, forecast catch sizes will still exceed the
maximum sustainable yield for capture fisheries [38].
Emission reduction targets set by the IMO aim to reduce

www.sciencedirect.com
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Figure 5
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Distribution of (a) global capex and opex in the ocean economy by industry 2018 and 2050, and (b) % change in capex and opex over the period.

Created from data in Ref. [19].

the contribution of global shipping to climate change [39]
but remain challenging due to slow technological progress
and adoption, insufficient green fuel supply chains and
concerns of climate (in)justice [40,41]. Evidence indicates
that probable pathways will see some shifts in the
dominant ocean sectors; however, the pace of change will
be insufficient to meet decarbonisation and broader sus-
tainability targets by mid-century. In a world where oil
and gas remain the dominant energy source, we breach all
reasonable climate targets [13].

Blue pathway

Here, we define the blue pathway as one which leads to
an ocean economy that ensures both a healthy ocean and
a fair, inclusive global society, transitioning from the
current ‘grey’ ocean economy to a truly sustainable and
equitable blue economy. This requires decisions based
on what should happen, not just what could happen.
Although short-term priorities may differ among actors,
the long-term vision is clear: a blue economy grounded
in principles of the fair, collaborative and sustainable use

of the ocean. Achieving this vision requires balancing
ocean interventions for energy, food, shipping and more,
with environmental protection, restoring marine eco-
systems, and empowering communities to take on their
role as stewards of the future ocean through enforceable
and inclusive ocean policies.

Effective transitions towards this vision require both
targeted, context-specific interventions and structural
reform across ocean governance regimes. Evidence from
diverse pilot projects, including those presented at the
2023 and 2024 UNFCCC Ocean and Climate Change
Dialogues [42,43] shows that successful case studies are
often grounded in participatory design, locally tailored
implementation, ecosystem regeneration and co-benefits

% Unlike previous years, the 2025 Ocean Dialogue did not include
formal case-study presentations but rather informal ‘good practice’
discussions in breakout groups, and those contributions have not been
analysed in this paper.
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for climate, biodiversity and equity. At the same time,
long-term structural changes need to embed principles
of justice, decolonisation and sustainability at the heart
of global ocean governance and economic policy [44,45].
These dynamics are captured in Table 1, which outlines
selected examples of short- and long-term interventions,
policies, technologies and financing instruments across
key ocean sectors. Table 2 synthesises the cross-cutting
patterns, enablers and justice dimensions that emerge
from these case studies, offering a concise lens on the
common success factors and persistent gaps in blue
economy transitions.

A substantial expansion of ocean-based economic activ-
ities is required, which must be achieved responsibly
and sustainably to avoid irreversible and irreparable da-
mage to the ecosystem that ultimately sustains us [8,91].
As such, investors and governments need to urgently
direct capital away from damaging activities such as
overfishing and hydrocarbon extraction — $869 Bn on
fossil fuel financing alone in 2024 [92], and into low-
carbon food and energy solutions, nature-based solutions
and marine conservation [93]. Notably, many of the case
studies in Table 1 have been financed by the Green
Climate Fund (GCF) and the Global Environment Fa-
cility (GEF), underscoring its catalytic role in advancing
blue economy initiatives [84]. Evidence indicates that
investing across offshore wind, sustainable ocean-based
food production, decarbonising international ship-
ping and conserving and restoring mangroves would
generate benefits more than five times the costs by 2050
[94]. Emerging technologies and governance have key
roles to play in enabling progression along the blue
pathway.

Technology has been central to human intervention in
the ocean, which has enabled an ‘ocean economy’ to
exist. Innovations in advanced materials, subsea en-
gineering and technology, sensors and imaging, satellite
technologies, optimisation, big data analytics, autono-
mous systems, biotechnology and nanotechnology will
potentially affect every sector of the ocean economy.
History shows that past interventions have positive and
negative consequences on the ocean by providing food,
clean energy, efficient transport and more, whilst sup-
porting livelihoods worldwide, but simultaneously
causing damage to the ocean environment through
overfishing, oil spills, pollution and greenhouse gas
emissions (as evidenced in the business-as-usual and
probable pathways). The UN Global Compact identified
five essential activities to ensure healthy and productive
oceans [95], each of which is grounded in technology
developments: fully traceable sustainable seafood, zero
emission shipping, harnessing ocean electricity, mapping
the ocean and ending waste entering the ocean.

Pathways to a blue economy Gourvenec et al. 9

Scientific and technological advances are crucial for the
development of ocean-based economic activities and
addressing ocean-related environmental challenges [12].
Such advances will necessitate substantial research, de-
velopment and investment, and require responsive reg-
ulatory frameworks to be developed to enable the rapid
advancements they will drive.

Thirty-five years on from the World Commission on
Environment and Development’s early recognition of
the ‘fundamental unity’ of our ocean and the inter-
connectedness of its resources and their uses [96], recent
literature continues to stress the urgent need for gov-
ernance reform to address ongoing and emerging chal-
lenges. The dichotomy remains between the current
Law of the Sea framework, which distinguishes between
areas that fall under state jurisdiction and areas beyond
national jurisdiction (ABN]) and proposals that treat the
ocean as a global commons [97]. Strengthening scientific
understanding and recognising the complex interplay of
actors in ocean governance is crucial to ensure wide-
spread commitment to ocean protection and stewardship
[66]. There is a pressing need for greater accountability,
transparency and participation that enable fair, equitable
and efficacious responses to the global challenges facing
our ocean [89].

As activities in the ocean diversify and scale up, so too
does the potential for unrecognised cumulative im-
pacts on ocean health, and thus human health and
wellbeing. The interconnected nature of ocean eco-
systems creates challenges for the accurate prediction
of large upscaling of human activity. Overfishing of
Western Baltic cod remains one of the best examples of
this [98]. While the gradual impact was realised, the
impact of crossing the tipping point was not well un-
derstood until the threshold had been crossed. Fol-
lowing this resource breakdown, routes to recovery
were also not well understood. It is essential that we
develop our abilities to identify ecological and en-
vironmental thresholds, such as the collapse of critical
fish stocks or the terminal bleaching of coral reefs, and
act with sufficient speed and coordination to mitigate
them [99].

The pathway to a blue economy is challenging, but it
will prevent the destruction of the natural capital vital
for the ocean economy and for humanity. Scientific
evidence is plentiful to develop strategies and decisions
needed to realise a blue economy — one that is eco-
nomically viable, environmentally sustainable, culturally
appropriate and focused on social equity and well-being.
It is equally clear that strategies and decisions made now
will determine the pathway of the actual realised future
in the mid-century and beyond.
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Table 2

Pathways to a blue economy Gourvenec et al. 11

Cross-cutting patterns, gaps and enablers in blue economy transitions.

Dimension Shared characteristics

Approach Ecosystem-based, community-led, tech-enabled

Scale Short-term pilots embedded in long-term plans

Finance Mix of grants, loans, blended finance, and carbon markets
Institutions Move toward integrated, cross-sectoral ocean governance

Equity lens Local rights, gender/youth/indigenous inclusion, Global South access

Justice gaps identified
economy sectors

Power asymmetries, neocolonial governance structures, exclusion or marginalisation of primary end users of ocean

Concluding remarks

A healthy ocean is essential for the transition to a sus-
tainable, just blue economy and for moderating global
warming and climate change. Evidence indicates that
investing in a blue economy will generate benefits far
outweighing the costs, yet investors and governments
continue to direct investment towards damaging activ-
ities, including overfishing and hydrocarbon extraction.

Shifting our current and forecast grey ocean economy to
a sustainable and just blue economy requires ambitious
proactive strategies and decisions now, which will ulti-
mately protect the health of the oceans on which the
ocean economy and humanity depend. Sustainable le-
vels of wild capture fishing, careful planning of aqua-
culture expansion, rapid increase in renewable energy,
coupled with rapid decline in hydrocarbon production,
decreased consumption in the developed world and
decreased waste from land-based agriculture and coastal
cities are all vital.

Realisation of such strategies will depend on a coalition of
actors, including the major nations and companies in the
ocean economy, to articulate a common vision and enforce
required best practice through collective action, innovative
legal measures, and financial tools to monitor and protect
the global ocean and prosecute rogue actors. Global trends
and cooperation can change rapidly due to geopolitical
circumstances, requiring monitoring and transparency to
chart these shifts, evaluate their impact and keep course to
shift the ocean economy from grey to blue.
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