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 Abstract

1.  Of all the interconnected threats facing the planet the top two are the climate and biodiversity 
crises. Neither will be solved if we ignore the ocean. To turn the tide in favour of humanity and a 
habitable planet we need to recognize and better value the fundamental role that the ocean plays in 

the earth system, and prioritize urgent action needed to heal and protect it at the ‘Earthscape ’level 

– the planetary scale at which processes to support life operate. 

2. The countries gathering at COP26 have unparalleled political capacity and leadership to make this 
happen. COP26 could be the turning point, but there needs to be commitments to united action for 
the ocean but also plans to meet those commitments based on science-led solutions that address 
the interconnectivity between the ocean, climate, and biodiversity. 

3. Some of the key ways in which the ocean contributes to and has acted as the major buffer of 
climate change are summarised, focusing on temperature although not forgetting its role in storing 

carbon dioxide. It is noted with ‘high confidence ’that the ocean has stored 91% of the excess heat 

from global warming with land, melting ice and the atmosphere only taking up approximately 5%, 
3% and 1% respectively. 

4. We also highlight the impact of the recent large release of heat from the ocean to the atmosphere 
during the 2015/16 El Niño. We then present six science-based policy actions that form a recovery-
stimulus package for people, climate, nature, and the planet. Our proposals highlight what is needed 
to view, value, and treat the planet, including the ocean, for the benefit and future of all life.

1.  Introduction

In November 2021, the world will gather in Glasgow, Scotland, for the Conference of Parties to the 

United Nations Convention on Climate Change (COP26), a meeting many believe to be the world’s 
best and last chance to get runaway climate change under control. Hosted by the UK and Italy, this 

meeting comes after three decades of United Nations ’action on climate, bringing together almost 
every country on Earth in climate summits, and transforming climate change from a fringe issue into 
an urgent global priority. Despite these summits, the rate of climate change is still accelerating, 

(“widespread, rapid and intensifying”, IPCC, 2021) largely linked to changes in the ocean, causing a 
continuing decline in nature, and disruption at the planetary scale to the environment, people, and 
all our futures (Holbrook et al., 2019; Perkins-Kirkpatrick & Lewis, 2020; Cheng et al., 2021; 

Hugonnet et al., 2021; O’Hara et al., 2021; Veng & Andersen, 2021). As the world slowly starts to 
reopen from the COVID pandemic, governments are signalling a determination to build forward 
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better, greener, and more equitably, with an increased recognition of the need to work together, 
especially on major global issues such as climate change (e.g. European Commission, 2019). Building 
forward better must include urgent ocean actions.

To make a difference, it is imperative that we start to stabilize climate and ocean change and 
prevent further loss of nature. Repackaging what happened before the COVID pandemic is not 
building forward better. Climate change was a threat to planetary wellbeing prior to the pandemic 
(Steffen et al., 2015), but COVID has since shown the danger of not taking the biodiversity crisis 
seriously, especially as human expansion and increased exploitation have forced much closer 
interactions with living organisms (Petrovan et al., 2021), including those living in the ocean. Thus, a 
more thoughtful and far-sighted science-led approach must be taken to changing the attitudes that 

have locked us all into a spiral of decline in the functioning of Earth’s systems. 

COP26 will be a critical moment in the fight against climate change that needs to recognize the key 
role that the ocean plays. The summit also provides a golden opportunity to stimulate global ocean 
protection and recovery that will help tackle climate disruption, reverse biodiversity loss, support 
human wellbeing, and enable the world to embark on a successful recovery from the COVID 19 
pandemic (Claudet, 2021). It is regrettable that governments across the decades have persistently 
failed to meet the targets that they have agreed; for example, none of the 20 Aichi biodiversity 
targets set in 2010 were met in full in 2020 (https://www.cbd.int/gbo5). A significant shift in 
approaches to implementation will be required, learning from successful examples, such as the 

recovery of the stratosphere’s ozone layer and climate change co-benefits achieved through the 
Montreal Protocol (Young et al., 2021). Against this positive outcome, however, some countries have 
continued to manufacture and emit CFCs and other halogens in contravention of the Montreal 
Protocol (Solomon et al., 2020) and the first appearance of ozone mini holes occurred in the Arctic in 
the winter of 2019/20 with the largest hole over the UK and western Europe in December 2019 
(Kuttippurath, 2021). Furthermore, the record ozone hole over Antarctica in the 2020 southern 
winter is currently (28 September) even bigger; larger than the whole of Antarctica, although with a 
slightly higher ozone minimum (https://ozonewatch.gsfc.nasa.gov/ accessed 01 Oct 2021).

Pictured from space the Earth truly is a blue planet, and whilst the challenges before all of us relate 
to land, fresh water, atmosphere, and ocean, up to now the ocean has been largely forgotten or 
ignored in forming solutions for climate change and the future, hence the focus of this paper. Here 
we first highlight the need for a much greater understanding of the essential role that the ocean has 
played in buffering climate change, focusing on temperature, including jumps in global surface 
temperature when the ocean releases heat back into the atmosphere. Six science-based policy 
actions are presented that form a recovery-stimulus package for people, climate, nature, and the 
planet formulated by scientists of the International Programme on the State of the Ocean (IPSO). 
These proposals highlight what is needed to view, value, and treat the planet, including the ocean, 
for the benefit and future of all life.

2.  Why it is critical to fully recognize the key role that the ocean has played in mitigating the 
consequences of climate change

The ocean covers over 71 % of the surface of the Earth but many people are unaware that it is also 
one of the predominant controlling factors in the rate of climate change, absorbing over 90% of the 
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excess heat produced (Trenberth, 2020), as well as approximately 38% of the CO2 generated by 
human activities (Friedlingstein et al., 2020; Gloege et al.,2021). Whereas land covers some 29% of 

the planet’s surface, but only absorbs about 3 % of the heat from global warming, and the 

atmosphere even less (Trenberth, 2020). The ocean is taking the brunt of the extra burden of 

regulating the planet’s increasing temperature resulting from anthropogenic greenhouse gas 

emissions, alongside its role as a carbon sink, thus ensuring that the Earth continues to be habitable. 
An accelerating increase in both Ocean Heat Content (OHC) and Sea Surface Temperature (SST) due 
to global warming is contributing to a range of increasing impacts at the Earthscape level. Ocean 
heat is supercharging tropical cyclones and hurricanes, intensifying the hydrological cycle leading to 
greater and more intense precipitation events, stronger wind speeds, an increase in the size of 
storms, and possibly a reduction in their tracking speed (see Supp. Info. in Laffoley et al., 2020). 
Consequently, the number of natural disasters, their intensity and financial cost, and stress to 
people, governments, and insurers has grown (https://ourworldindata.org/natural-disasters).

Ocean stratification is intensifying, primarily due to higher temperatures, but with a contribution 
from increased rainfall, which reduces salinity of the upper layers. Evidence from many parts of the 
world indicates a shoaling (shallowing) of the upper wind mixed layer (Li et al., 2020), which is 
thought to be a precursor and possible trigger of El Niño (Hasson et al., 2018). Shallow stratification 
is a feature of the warmest part of the ocean where SSTs are >29°C, the Western Pacific Warm Pool, 
an effect that has been enhanced by intense precipitation (Qu, 2013). In the contrasting colder 
waters of the Southern Ocean, shoaling of Upper Circumpolar Deep Water is increasing at up to 
three to 10 times faster than previously estimated with major potential consequences for melting of 
ice shelves and the scale of sea-level rise (SLR) (Auger et al., 2020). Greater water stability also 
contributes to the increasing occurrence of marine heat waves (Holbrook et al., 2019) that can have 
particularly pronounced impacts on ecosystems, for example, as now observed at the Great Barrier 
Reef (Dietzel et al., 2020). More stable waters also mean that less CO2 can be taken up by the ocean 
due to increased stratification (Le Quéré & Metzl, 2004) and is a prime cause of increasing areas of 
low oxygen levels in many parts of the ocean, exacerbating the already present and growing threat 
from deoxygenation associated with nutrient run-off from land in more coastal regions (Laffoley & 
Baxter, 2019). Warming has also induced an acceleration in ocean circulation with substantial 
intensified warming in major western boundary currents and an extension towards the poles of 
ocean gyres reinforcing melting of polar ice (Yang et al., 2016; Hu, 2020; Yang et al., 2020).

Thermal expansion of sea water due to increased heat content is a major contributor to SLR with 
Cheng et al. (2021) estimating that the total depth warming since 1960 corresponds to an increase 
of ~47 mm in global sea level (thermosteric sea level). Further thermal and other heat-driven 
increases in sea level, resulting from melting ice (Grinsted & Christensen, 2021) and reduced storage 
of water on land (Kuo et al., 2021) are clearly on the horizon and require an urgent adaptation 
response from coastal communities.

The ocean moderates heating on land in areas adjacent to the sea through evaporation. Further 
afield in the centre of continents, low water content in the soil and air means that cooling from 
evaporation is limited. As a result, land temperature is amplified compared to the ocean (Tyrrell et 
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al., 2015) and the land is warming one and a half times as fast as the ocean (Byrne & O’Gorman, 

2018) (1.4 to 1.7 times, IPCC, 2021). The proximity of anomalously warm SST in the Northeast Pacific 
(a mini warm blob) coincided with the extreme air temperatures and forest fires in the Pacific 
Northwest of America in June/July/August 2021 as one consequence of high global temperature. In 
addition, an extreme heat wave of over 50°C occurred in June in several countries in the Middle 
East, and in Siberia and eastern Europe (but with lower relative temperatures). Reducing the 

warming of the ocean is crucial for the future of both marine and terrestrial ecosystems (O’Hara et 

al., 2021; Beaugrand et al., 2019; Trisos et al., 2020) as well as the survival of humans, animals and 
plants in the warmer summer months of continental and tropical regions (Mora et al., 2017).

In El Niño years, the ocean releases large amounts of heat in the tropics high into the troposphere 
with resulting pronounced effects on weather, which in some extreme events causes a sharp 
increase in regional/global temperatures (Tyrell et al., 2015; Yin et al., 2017). Pronounced step-like 
increases in sea surface and atmospheric temperature occurred around 1986/87, 1997/8 and 
2015/16 with knock-on effects. In 1987, it affected all earth systems (Reid et al., 2016) and such 
episodic effects continue to occur with the latest temperature event being particularly pronounced 
(Yin et al., 2017; Beaugrand et al., 2019; Jones & Rickets, 2021; Kuo et al., 2021). The mean jump in 
global surface temperature over the three years 2014 to 2016 was almost a quarter of a degree C 
(0.24°C, Yin et al., 2018) with temperature remaining at a high level since this event and global mean 
sea level 2.5 times higher than in a previous extreme 1997–1998 El Niño, in part due to drought and 
low terrestrial water storage (Kuo et al., 2021). The temperature increases and associated changes 
led to extreme weather events, reduced carbon uptake, increased fire area and outbreaks of 
disease, plus major ecological consequences on land and in the ocean, including the largest and 
most extensive bleaching of coral reefs ever recorded (Bastos et al., 2018; Claar et al., 2018; 
Anyamba et al., 2019; Burton et al., 2020). Given how much heat the ocean has already absorbed, 
any further increased output from or reduced input to the ocean would have a large impact on the 
rise of atmospheric temperature. At present, we do not fully know the causative factors behind the 
scale and frequency of major heat release events by El Niño to the atmosphere, but such events are 
projected to increase in frequency, magnitude, duration, and impact in the future with global 
warming (Yin et al., 2017).

The world appears to be warming and sea level rising at a much faster rate than anticipated 
(Grinstead & Christensen, 2021; Loeb et al., 2021). The only caveat is that it is not clear if this 
pattern will continue. The increased pace of change is in part a consequence of increased water 
content in the atmosphere reinforcing the global warming caused by higher levels of greenhouse 

gases (GHGs) plus marked reductions in sea-ice and cloud cover so that less of the sun’s energy is 

reflected into space. It is unclear at present whether the buffering/mitigation of global surface 
temperature and the uptake of atmospheric CO2 by the ocean will continue at the same rate into the 
future, although the indications are that both will decline as cumulative CO2 emissions increase 
(IPCC, 2021). Therefore, a key lesson is that reducing GHGs to stabilize global temperature is not the 
only factor that has to be considered and that their reduction alone will not reduce global ocean 
heat content or solve global warming.
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2.1. Scale up solutions to an ‘Earthscape level ’- ambition must match the challenge. 

Climate change impacts are not equal across the planet, with the countries contributing less to 
greenhouse gas emissions often being the most vulnerable (Thiault et al., 2019), thus increasing 
global economic inequality (Diffenbaugh & Burke, 2019). Immediate implementation of agreed 
ambitious cuts in greenhouse gas emissions are needed but are insufficient alone to resolve the true 
scale of the problems we face.

The ‘Earthscape approach ’as referred to in this paper recognizes that there is a need to 

simultaneously address climate change impacts and reduce all cumulative direct and indirect 
stressors on marine ecosystems, achieved through evidence-based, integrated policy making at the 
supra-national level. This will need enhanced multilateralism, as well as better connected 
governance, public funding for adaptation, resilience, biodiversity protection and to address equity 
issues, and innovative finance to support the recovery of nature on land, in fresh water, and the 
ocean, including marine areas beyond national jurisdiction (ABNJ) which make up 40% of the surface 
of the planet.

There is a growing global ambition to address the challenges of climate change but nothing that 
embeds the protection of the ocean within that ambition. That will require implementation of the 
current asks of leaders for at least 30% effective ocean protection with the remainder sustainably 
managed, including via an international treaty to protect marine biodiversity in ABNJ (including the 
high seas and international sea bed).  We can no longer afford to allow the few organizations and 
States benefiting from the status quo to delay the necessary actions to safeguard the common good. 
This must be addressed through ambitious Earth-scale approaches and solutions that stimulate 
multi-level action in a measurable, transparent, and accountable fashion. 

2.2. Accelerate and integrate the efficacy of climate/biodiversity actions to achieve greater impact 
and effect. 

Good progress has been achieved in recognizing issues that hinder nature and climate recovery with 
many associated policies and targets. However, the policies are often poorly implemented as they 
hit economic or social barriers, with siloed thinking that separates biodiversity and climate policy 
also hampering action and delivery (Pettorelli et al., 2021; Portner et al., 2021; Shin et al., submitted 
GCB). 

As of 2021, less than 3% of the global ocean has sufficient protection within Marine Protected Areas 
(MPAs) to deliver strong conservation benefits (Grorud-Kolvert et al., 2021), despite an agreed 
global target of 10% coverage by 2020. This is in sharp contrast to the at least 30% of the ocean in 
highly or fully protected MPAs called for by the scientific community (World Parks Congress, 2014). 
Since the target proposal for at least 30% high or full protection was first discussed in 2003 (Gell & 
Roberts, 2003), the scientific case in support has strengthened but ocean damage has continued. 
Given the continued losses in biodiversity and ecosystem services (Diaz et al. ,2019), some experts 

such as E.O. Wilson now argue that at least 50% ‘half Earth ’protection is needed as a new minimum 
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target ( https://www.half-earthproject.org/; Dinerstein et al., 2017). To avoid creating ‘islands of 

hope in a sea of despair’, there is an urgent need for the delivery of effective management of 

activities across the whole ocean outside of MPAs to achieve true sustainability. There is broad 
consensus in the scientific community (Grorud-Kolvert et al., 2021) and growing political 
understanding (The Blue Leaders) that by 2030 at least 30% of the global ocean should be within 
fully or highly protected areas with the remaining 70% sustainably managed and with an ambition to 
achieve 50% overall protection in the following decades.

The carbon cycle links biodiversity and climate. Blue carbon coastal wetlands (i.e. saltmarshes, 
mangroves, and seagrasses) have high carbon storage rates while sustaining diversity. However, 
huge amounts of carbon are also stored naturally in the open ocean and deep sea, and there is 
unrealized potential to use MPAs to maintain carbon stocks, support the Paris Agreement, 

contribute to efforts to reduce maritime nations ’emissions, and mitigate the impacts of climate 

change (Hilmi et al., 2021). A new way of thinking and acting is needed where MPAs are 
implemented both for biodiversity values but also to retain carbon sequestered in natural systems 
(Roberts et al., 2017).

Solutions for the future lie in a better linkage between policy and action across the land, freshwater, 
and ocean divide, and in ensuring we think in terms of an ecologically coherent, interconnected 
network of sites that are established and managed in ways that promote ecological and climate-
change resilience, with corridors between sites established across latitudinal ranges that can 
accommodate species that will need to shift their ranges due to climate effects such as a warming 
ocean. Thus, stationary protected areas must be complemented by wider measures to protect 
migratory marine life within its current and projected future range (Maxwell et al., 2020; Ortuno 
Crespo et al., 2020). New thinking, governance, and management systems will be needed to protect 

ecological space in the ocean both within and outside the current MPAs as species ’distributions and 

environmental quality changes in response to climatic disruption.

Integrating MPA designation and management with the objective of carbon storage is a simple step 
that many nations could take now by improving communication between government ministries and 
broadening thinking from single (e.g. biodiversity protection) to multi-objective management 
measures. Coordinating the implementation of MPA management plans as a core element of climate 
adaptation and mitigation (as Chile has done in their recent Nationally Determined Contribution:  
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Chile%20First/Chile%27s_NDC_202

0_english.pdf) would improve the way environmental policy is applied, increasing ‘value for money ’
and transparency (Roberts et al., 2020).

2.3. Stop support for activities that damage the ocean - redirect incentives to positive outcomes 
for the planet. 

One of the most obvious things that can be done to ‘build forward better ’is to stop financially 

supporting human activities that are clearly highly damaging to the ocean (Sumaila et al., 2010; 
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Lubchenco et al., 2016). The burden of cost should be reversed so that payments are made for 
activities that damage ocean ecosystems.  The costs of those payments should be set at levels that 
help to prohibit damaging actions being introduced in the future. It is ironic that humanity knows 
the many ways to respond to the climate and biodiversity crises but continues to pursue more 
extractive pressures and harmful actions year-after-year. At the same time governments and 
insurers bemoan the costs of recovery measures from damage but procrastinate and provide 
inadequate support for delivering recovery, whilst still subsidising more damage to occur (e.g. 
perverse fishery subsidies).

Science has, for example, already extensively documented the damage that fishing with bottom 
trawls and dredges causes to marine ecosystems (e.g. Kaiser, 1998; Watling & Norse, 1998). Ocean 
life is fragile and should not be sacrificed to maximize short-term profits for a small number of 
companies and countries. As one descends deeper into the ocean, species become increasingly long-
lived (e.g. some deep-water coral colonies are over 4,200 years old) (Roark et al., 2009) and are 
therefore highly vulnerable to the impacts of activities such as deep-sea fisheries (Hall-Spencer et al., 
2002; Norse et al., 2012). The first pass of a net causes the most damage, removing the largest and 
oldest creatures. This removal is often forever, as recovery is rare or non-existent on human 
timescales. What science has yet to do is assess the full cost of this damage, in terms of carbon 
release, loss of future carbon sequestration, and loss of potential medical treatments (e.g. 
antibiotics) and genetic resources (but see Sala et al., 2021). 

To prevent further deterioration, restraint is necessary: all fishery subsidies that contribute to 
overfishing and illegal, unreported, and unregulated fishing should be stopped (Sumaila et al., 2019). 

Commercial trawl and dredge fisheries should be banned in all MPAs and on ‘vulnerable marine 

ecosystems ’(VMEs), as described by UNGA (2007) and UNGA (2009) worldwide.

Future sources of massive seabed disruption, such as deep-seabed mining, should be prohibited 
(Niner et al., 2018; Levin et al., 2020). Deep-seabed mining is too great a risk in an already stressed 
ocean (Washburn et al., 2019). As with deep-sea bottom trawl fishing, mining threatens highly 
vulnerable and ancient forms of marine life. Furthermore, seabed mining could harm human life by 
introducing toxins into seafood through discharges of mineral laden plumes into the water column, 
thereby undermining the transition to a Sustainable Blue Economy (Drazen et al., 2020; Levin et al., 
2020).

Given that transitioning away from fossil-fuel use is essential to help solve the climate crisis, there 
should also be an immediate ban on the granting of new offshore oil and gas exploration and 
production licences, and a rapid phasing out of current offshore oil and gas extraction. Financial 
regulators can play an important role here by integrating climate-related risk analysis into financial 
stability monitoring (Bolton et al., 2020), through implementation of a compulsory sustainable 
finance taxonomy such as the one put in place by the European Union Taxonomy Climate Delegated 
Act (EU, 2021) as well as through their own funding processes.

2.4. Drive ocean recovery and restoration through enhanced global cooperation and momentum 
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The latest IPCC report (IPCC, 2021) states that it is unequivocal that human influence has warmed 
the ocean, resulting in widespread and rapid changes, with further increases in global surface 
temperature until at least the mid-century under all emissions scenarios. Due to past and future 
GHG emissions, such changes are irreversible for centuries to millennia, particularly in relation to the 
ocean, ice sheets, and global sea level (IPCC, 2021). However, there are still limitations in our 
understanding on how extreme climatic events affect biological processes, ecosystem functioning, 
and capacity for adaptation (Ummenhofer & Meehl, 2017; Pettorelli et al., 2021) and some climate 
intervention measures, including some nature-based solutions, might even threaten biodiversity 
(Seddon et al., 2020). 

Many carbon-sequestering marine habitats have been decimated by human activity, increasingly 
exacerbated by extreme weather events. Up to 30% of mangroves have been lost through 
degradation and deforestation over the last 50 years (Polidoro et al., 2010), with land use change to 
aquaculture and agriculture being the major driver (Goldberg et al., 2020). Losses have slowed to an 
average of 0.13% per year, but with high regional variation (Goldberg et al., 2020). The disturbance 
and loss of seagrass habitats is much higher (7% per year) which can result in increased carbon 
emissions (Salinas et al., 2020). Active restoration of marine habitats provides a mechanism to 
recover marine life that could be achieved over one to three decades (Duarte et al., 2020) for the 
benefit of people and nature and to achieve global goals. Mangrove restoration, including the 
reversion of aquaculture ponds, can restore ecosystem services (Duncan et al., 2016) and meet 
climate change, biodiversity conservation, and sustainable development objectives (Su et al., 2021). 
Seagrass restoration is still relatively new, but with an increasing number of successful case studies 
this has the potential to be scaled-up in significant ways (Tan et al., 2020). The lack of a global 
inventory of total restored area is a current knowledge gap (Duarte et al., 2020) that could hamper 
progress in understanding the impact of overall restoration efforts and setting meaningful recovery 
targets to mitigate climate change.

Initiatives to drive the required ecosystem recovery and restoration need enhanced global 
cooperation and momentum, a key driver of the UN Decade on Ecosystem Restoration (2021 - 
2030). The COVID-19 pandemic has highlighted our broken relationship with nature (Petrovan et al., 
2021) but brought together governments, scientists, and industry into new and stronger 
collaborations. There are important lessons that can be applied from the COVID-19 pandemic to the 
global climate crisis, including the costs of delay, biases of human judgement, value judgements at 
the science-policy interface, and the multiple forms of international cooperation required (Klenert et 
al., 2020). It is increasingly apparent that as global inequality rises due to climate change and 
consequences are felt disproportionately, tackling this effectively and fairly will require better 
understanding of social and behavioural drivers such as morals (Lau et al., 2021), ethics, and justice 

(Byskov et al., 2019). For example, the ‘polluter pays principle ’recognizes environmental and social 

injustices (Roberts & Parks, 2006), yet must itself be implemented fairly (Zahar, 2020).

Recovery, restoration, mitigation, and intervention policies and actions must have clearly identified 
objectives and a means to assess both their efficacy and effectiveness. Bold decisions need to be 
taken now so that present and future generations can benefit progressively. It is urgent as year on 
year the likelihood of a successful outcome, where climate change is halted and ultimately reversed 
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and the balance of nature is restored, is reduced as greater disruption from climate change and the 
loss of nature and the services it provides intensifies.

2.5. Highlight the connection between nature and global economics – value the ocean’s natural 

capital to invest in all our futures

The recent Dasgupta report for the UK Government (Dasgupta, 2021) demonstrated the need to put 

nature front and centre in global economics. The ocean’s natural capital is vast and deep and ocean 

services are often taken for granted, used for free, with their damage unrecognized and 
uncompensated (Baker et al., 2020). The ocean urgently needs comprehensive natural capital 
accounting (Bertram et al., 2021) and imaginative and effective funding and financing mechanisms 
to support ocean biodiversity and climate action by all nations (Thiele & Gerber, 2017; Sumaila et al., 
2020). Crucially, in an age of global connectivity (Arvis & Shepherd, 2013), everyone must work 
together to ensure that a sustainable blue economy based on the Sustainable Blue Economy Finance 
Principles (UNEP-FI, 2020) not only prevents any further damage and destruction of ecosystems and 
underlying services, but also restores and improves ocean health locally and globally. Nature-based 
solutions require new integrated, equitable, and just finance and insurance mechanisms that 
support the biosphere including people (Miller et al., 2016; Deutz et al., 2020).

A greater awareness of the importance of a healthy ocean to human welfare is needed to help 
support the financing of ocean action (Fleming et al., 2020). Since only an estimated 1% of the 
contribution of economic impact are devoted to protecting the ocean currently (Sumaila et al., 
2021), there is an urgent need to increase public funding of adaptation, resilience, and biodiversity 
targets as well as overall support for the uptake of nature-based solutions in infrastructure finance 
(Thiele et al., 2020). The present funding gap is not only a result of a lack of understanding of the 
ecosystem service values of the ocean (Austen et al., 2019) or the poor financing of ocean services 
themselves (Sumaila et al., 2021), but there is also need to improve understanding and appreciation 
of values and benefits other than in strictly monetary terms when considering priorities and 
weighing tradeoffs (Allison et al., 2020). The reward for action should not simply be measured in 
terms of financial benefit but also in less tangible and more important services such as global 
resilience, human well-being, and sustainability.

The emerging regulatory architecture for financing a more sustainable world includes the net zero 
investment framework (IIGCC, 2021) and the broader green, climate, and transition finance 
approach (EU, 2020). This now needs to be urgently supplemented with a nature-based risk 
assessment process that ensures net biodiversity positive outcomes and fully includes marine 
ecosystems and effective protection and management of the ocean. The Taskforce for Nature-
related Disclosures (TFND, 2021) provides an important opportunity to deliver a framework for 
mandatory disclosures and should include marine ecosystem impacts from the start. 

Facilitating private-sector engagement, and innovative finance for conservation, ocean risk 
management, and blue natural capital will be key to addressing the global-scale biodiversity 
investment challenge. The Finance in Common Declaration (2020) of the leading public development 
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banks rightly commits them to ocean funding and post-2020 CBD alignment. These ambitions need 
to be translated into quantifiable goals and action to be fully implemented in this decade. COP 26 is 
a major opportunity to make this happen. 

2.6. Deliver the science we need for a healthy, productive, and resilient ocean that  benefit people 
and inspires humankind as a whole 

Underpinning the previous five imperatives is the need to continually improve the science on which 
decisions are made and to broaden engagement within the global community to contribute to both 
knowledge creation and how such knowledge is applied to management (Claudet et al., 2020; 
Bennett et al., 2021). This science needs to proceed in a transdisciplinary way (e.g. Syndall et al., 
2021) and target actions that are effective and fair. Most importantly, we must better understand 
the needs and priorities of ocean-dependent peoples and evaluate potential solutions for them 
(Singh et al., 2021). This includes recognizing the need to integrate climate, fisheries and food 
policies to those most vulnerable to food and nutrition security (Maire et al., 2021). At the same 
time, we need to better communicate the diversity of knowledge we already have (e.g. indigenous, 
scientific, traditional), show what the problems are and the transformative paths needed to address 
them today to safeguard our future. 

To keep pace with accelerating ocean change and cumulative effects of stressors, we must 
constantly improve our understanding of ocean processes and rapidly translate these findings and 
other forms of knowledge into informed decision-making, based both on precautionary and 
proactive initiatives. We also need to ensure that these efforts are inclusive, open, just, and foster 
partnerships, capacity, and connections at all scales.

The United Nations Decade of Ocean Science for Sustainable Development, or ‘UN Ocean Decade ’
(UN Ocean Decade https://oceandecade.org) provides a vital opportunity for all the nations of the 
world to join forces to better understand ocean change, its implications for humanity and ocean life, 
and to foster informed decision making and action around the globe. Together nations have a great 
capacity and, with it, the responsibility to champion this global effort.

The UN Ocean Decade provides a broad platform to bolster scientific research and innovative 
technologies to ensure science responds to the needs of society focused around seven outcomes 
(Ryabinin et al., 2019):

● A clean ocean where sources of pollution are identified and removed.
● A healthy and resilient ocean where marine ecosystems are mapped and protected.
● A predictable ocean where society has the capacity to understand current and future ocean 

conditions.
● A safe ocean where people are protected from ocean hazards.
● A sustainably harvested ocean that ensures the provision of food supply.
● A transparent ocean with open access to data, information, and technologies.
● An inspiring and engaging ocean where society understands and values the ocean.
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Core natural and social science needed to help inform policy makers on successfully integrating 
initiatives that address both the consequences of climate change and biodiversity loss can be 
defined and implemented as part of the UN Ocean Decade. Far greater efforts and support is 
required to understand ocean ecosystems and climate impacts in poorly understood realms such as 
the open ocean, midwater column, and deep-sea floor, as well as coastal habitats and communities. 

The UN Ocean Decade is a tremendous opportunity to advance the knowledge and management 
needed for a healthy, productive, and resilient ocean, yet far greater governmental and private 
investment and support are crucial if it is to achieve its outcomes for the benefit of all. Now is the 
time to engage in and support the Ocean Decade if we are to meet the constantly evolving needs of 
ocean and coastal zone communities, decision-makers, and managers in the face of a rapid change 
and accelerating pressures now and into the future. 

As the world builds forward better with a greater interest than ever before in nature’s recovery, 

better mechanisms are needed to track and understand progress (Adams et al., 2021). Educationally 
we need to support and boost public understanding of the value of the natural world and its links to 
human wellbeing (Kelly et al., 2021). A more inclusive, equitable and transparent narrative is 
required to explain why and how the ocean is important to life on earth (Bennett, 2018) and this 
should be grounded in the needs and perspectives of local communities and Indigenous Peoples 
who depend on the ocean (Bennett et al., 2021). Indigenous Peoples and local communities act as 
managers in many diversity hotspots (IPBES, 2019) and possess knowledge that recognizes the value 
of the ocean (Eckert et al., 2018). As many are reliant on the same ocean that has traditionally been 

designated for protection a ‘shared ocean approach ’could provide a legitimate framework for 

locally relative but globally applicable action (Obura et al., 2021).  

3. Conclusion

Vast changes are needed to improve how success is measured and reported, and who participates in 
this assessment (Woodcock et al., 2016) and at what spatial scale. This will make it easier to see and 
celebrate successes, to identify where more action or support is needed, and to effectively develop 
the initiatives that are most appropriate for a specific context. Sadly, in 2021 there is still much to be 
done to implement a single transparent system to track conservation (protective and management 
practices) and stress-inducing activities (resources extraction) on the global ocean. If we are serious 
about navigating toward a sustainable ocean, then more expansive education opportunities, 
inclusive narrative and equitable decision-making, and improved reporting systems on how we are 
acting to protect our natural world are desperately needed.

By committing to targets of protection and restoration, and the resources to meet these globally, 
nations at COP26 can start to develop the immediate action that is required to reverse the decline in 
ocean services that have resulted from the consequences of climate change and actions that have 
caused biodiversity loss. COP26 is well placed to support this as the UNFCCC has 197 parties, more 
than the UN Convention on Law of the Sea with 168 parties, or most other international 
instruments.  The challenge of climate change is a whole world challenge, affecting all services 
provided by the ocean - from temperature regulation and food provisioning to the provision of 
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water and carbon cycles, and national security. Everyone, including those from landlocked countries, 
has a vested interest in the health of the ocean and its ability to continue to provide the services 
that make this planet habitable. 

Under the auspices of the Paris Agreement, states can build holistic climate- and biodiversity-
friendly ocean protections into their Nationally Determined Contributions, National Adaptation 
Plans, the Article 6 rulebook, and into accelerated climate ambition. The Global Stocktake can 
include metrics that link the health of the ocean to the health of the planet. The UNFCCC Ocean and 
Climate Change Dialogue, endorsed at COP25 and initiated in 2020, identified the need for 
transdisciplinary international dialogue on the ocean and climate change in the realms of 
collaborative science, finance, and policy (SBSTA, 2020; Dobush et al., in review). The BBNJ treaty, 
with sufficient leadership and ambition during these final stages of its negotiation, can provide the 
framework for ensuring complimentary action in ABNJ to build ocean and institutional resilience 
(Yadav & Gjerde, 2020).  To maintain momentum, the COP26 negotiators should endorse and 
sustain an ongoing Ocean Dialogue and adopt an Ocean Agenda item to prioritize ocean action. 
Underpinning all of this must be the stepping up of inclusive, collaborative, and equitable research 
and monitoring in ocean science for the future that addresses the climate and biodiversity 
challenges together. 

There is already sufficient evidence to know that we must act now, and experience shows initiatives 
will need to take the form of a suite of actions with long-term obligations. By addressing these issues 
in a moral, equitable and multidisciplinary manner, the people in regions disproportionately 
enduring the greatest impacts from climate change and biodiversity loss (e.g. tropical countries 
(Sumaila et al., 2019) can be supported by those who are yet to experience the same, who all have 

‘common but different responsibilities ’(The United Nations Framework Convention on Climate 

Change). The UN Decade of Ocean Science for Sustainable Development provides a framework for 
actions, targets, and metrics to measure success and while potential threats (e.g. deep-sea mining) 
are yet to be realized, there is a good opportunity to engage with action to support the ocean and 
the benefits derived by humans from it. As the ocean is vital to all life on earth, COP26 is the 
opportunity to commit to actions, which will provide a promise of a healthy planet for both current 
and future generations.

 

References 

Adams, V.M., Visconti, P., Graham, V. & Possingham, H.P. (2021). Indicators keep progress honest: A 
call to track both the quantity and quality of protected areas. One Earth, 4(7), 901-906. 
https://doi.org/10.1016/j.oneear.2021.06.014

Allison, E.H., Kurien, J. & Ota, Y. et al. (2020). The Human Relationship with Our Ocean Planet. 
Washington, DC: World Resources Institute. https://oceanpanel.org/blue-papers/ 
HumanRelationshipwithOurOceanPlanet

Page 14 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.1016/j.oneear.2021.06.014


For Peer Review

14

Anyamba, A., Chretien, JP., Britch, S.C., Soebiyanto, R.P., Small, J.L., Jepsen, R. et al. (2019). Global 
Disease Outbreaks Associated with the 2015–2016 El Niño Event. Scientific Reports 9, 1930 
https://doi.org/10.1038/s41598-018-38034-z

Arvis, J.-F.& Shepherd, B. (2013). Global Connectivity and Export Performance. Economic premise; 
no. 111. World Bank, Washington, DC. © World Bank. 
https://openknowledge.worldbank.org/handle/10986/17026 License: CC BY 3.0 IGO

Auger, M., Morrow, R., Kestenare, E., Sallée, J.-B. & Cowley, R. (2021). Southern Ocean in-situ 
temperature trends over 25 years emerge from interannual variability. Nature Communications, 12, 
514. https://doi.org/10.1038/s41467-020-20781-1 

Austen M.C., Anderson P., Armstrong C., Döring R., Hynes S., Levrel H. et al. (2019) Valuing Marine 
Ecosystems - Taking into account the value of ecosystem benefits in the Blue Economy. In:  J. 
Coopman, J.J. Heymans, P. Kellett, A. Muñiz Piniella, V. French, B. Alexander, B. [Eds.] Future Science 
Brief 5 of the European Marine Board, Ostend, Belgium. 32pp. ISBN: 789492043696 ISSN: 4920-
43696 DOI: 10.5281/zenodo.2602732

Baker, M, Ramirez-Llodra, E. & Tyler, P. (2020). Natural Capital and Exploitation of the Deep Ocean. 
Oxford University Press. ISBN-13: 978-0198841654

Bastos, A., Friedlingstein, P., Sitch, S., Chen, C., Mialon, A., Wigneron, J.-P. et al. (2018) Impact of the 
2015/2016 El Niño on the terrestrial carbon cycle constrained by bottom-up and top-down 
approaches. Philosophical Transactions of the Royal Society B, 373, 20170304. 
http://dx.doi.org/10.1098/rstb.2017.0304

Beaugrand, G., Conversi, A., Atkinson, A., Cloern, J., Chiba, S., Fonda-Umani, S. et al. (2019). 
Prediction of unprecedented biological shifts in the global ocean. Nature Climate Change, 9, 237–
243. https://doi.org/10.1038/s41558-019-0420-1

Bennett, N.J., (2018). Navigating a just and inclusive path towards sustainable oceans. Marine Policy, 
97(November), 139-146.  https://doi.org/10.1016/j.marpol.2018.06.001

Bennett, N. J., Katz, L., Yadao-Evans, W., Ahmadia, G.N., Atkinson, S., Ban, N. C. et al. (2021). 
Advancing Social Equity in and Through Marine Conservation. Frontiers in Marine Science, 8, 711538. 
https://doi.org/10.3389/fmars.2021.711538

https://www.frontiersin.org/articles/10.3389/fmars.2021.711538/full

Bertram, C., Quaas, M., Reusch, T.B.H., Vafeidis, A.T., Wolff, C. & Rickels, W. (2021). The blue carbon 
wealth of nations. Nature Climate Change, 11, 704-709. https://doi.org/10.1038/s41558-021-01089-
4

Bolton, P., Despres, M., Pereira da Silva, L.A., Samama, F. & Svartzman, R.  (2020).  The green swan. 
Central banking and financial stability in the age of climate change. Bank for International 
Settlements.

Page 15 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

http://dx.doi.org/10.1098/rstb.2017.0304
https://doi.org/10.1038/s41558-021-01089-4
https://doi.org/10.1038/s41558-021-01089-4


For Peer Review

15

Burton, C., Betts, R.A., Jones, C.D., Feldpausch, T.R., Cardoso, M., Anderson, L.O. et al. (2020). El Niño 
Driven Changes in Global Fire 2015/16. Frontiers in Earth Science, 8, 199 
https://www.frontiersin.org/article/10.3389/feart.2020.00199

Byrne, M.P. &  O’Gorman, P. A. (2018). Trends in continental temperature and humidity directly 

linked to ocean warming. Proceedings of the National Academy of Sciences of the United States of 
America, 115 (19), 4863-4868. https://doi.org/10.1073/pnas.1722312115

Byskov, M.F., Hyams, K., Satyal, P.,  Anguelovski, I., Benjamin, L., Blackburn, S. et al. (2021) An 
agenda for ethics and justice in adaptation to climate change. Climate and Development, 13 (1), 1-9. 
https://doi.org/10.1080/17565529.2019.1700774

Cheng, L., Abraham, J., Trenberth, K.E., Fasullo, J., Boyer, T., Locarnini, R. et al. (2021). Upper Ocean 
Temperatures Hit Record High in 2020. Advances in Atmospheric Sciences, 38, 523–530. 
https://doi.org/10.1007/s00376-021-0447-x

Claar, D.C., Szostek, L., McDevitt-Irwin, J.M., Schanze, J.J. & Baum J.K. (2018) Global patterns and 
impacts of El Niño events on coral reefs: A meta-analysis. PLoS ONE 13(2). e0190957. 
https://doi.org/10.1371/journal.pone.0190957

Claudet, J. (2021). The seven domains of action for a sustainable Ocean. Cell 184: 1426-1429. 
https://doi.org/10.1016/j.cell.2021.01.055

Claudet, J., Bopp, L., Cheung, W.L.W., Devillers, R., Escobar-Briones, E., Haugan, P. et al. (2020). A 
Roadmap for using the UN Decade of Ocean Science for Sustainable Development in Support of 
Science, Policy, and Action. One Earth, 2, 34-42. https://doi.org/10.1016/j.oneear.2019.10.012

Dasgupta, P. (2021). The Economics of Biodiversity: The Dasgupta Review. (London: HM Treasury)

Deutz, A., Heal, G. M., Niu, R., Swanson, E., Townshend, T., Zhu, L. et al. (2020). Financing Nature: 
Closing the global biodiversity financing gap. The Paulson Institute, The Nature Conservancy, and the 
Cornell Atkinson Center for Sustainability.

Díaz, S., Settele, J., Brondízio, E.S., Ngo, N.T., Guèze, M.,  Agard, J. et al. (2019.). Summary for 
policymakers of the global assessment report on biodiversity and ecosystem services of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. IPBES 
secretariat, Bonn, Germany. 56 pages. https://doi.org/10.5281/zenodo.3553579

Dietzel, A., Bode, M., Connolly, S.R. & Hughes, T.P. (2020) Long-term shifts in the colony size 
structure of coral populations along the Great Barrier Reef. Proceedings of the Royal Society B: 
Biological Sciences, 287, 20201432. http://dx.doi.org/10.1098/rspb.2020.1432 

Page 16 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://www.frontiersin.org/article/10.3389/feart.2020.00199
https://doi.org/10.1080/17565529.2019.1700774
https://doi.org/10.1007/s00376-021-0447-x
https://doi.org/10.1016/j.oneear.2019.10.012
https://eur03.safelinks.protection.outlook.com/?url=https://doi.org/10.5281/zenodo.3553579&data=02%257C01%257Cbenedict.aboki.omare@ipbes.net%257C9fdf54aed7444f5b227108d77a69b741%257Cb3e5db5e2944483799f57488ace54319%257C0%257C0%257C637112466769067533&sdata=qYy+RC+X+H83ayZLgMBGaiFAI0Wqt5kYdrIzv36IYd8=&reserved=0
http://dx.doi.org/10.1098/rspb.2020.1432


For Peer Review

16

Diffenbaugh, N.S. & Burke, M. (2019). Global warming has increased global economic inequality. 
Proceedings of the National Academy of Sciences of the United States of America,  116, 9808-9813 
https://doi.org/10.1073/pnas.1816020116

Dinerstein,E., Olson, D., Joshi, A., Vynne, C., Burgess, N.D. Wikramanayake, E. et al. (2017). An 
ecoregion-based approach to protecting half the terrestrial realm. BioScience, 67 (6), 534-545. 
https://doi.org/10.1093/biosci/bix014

Dobush, B.-J., Gallo, N.D., Guerra, M., Guilloux, B., Holland, E., Seabrook, S. et al. (2021). A New Way 
Forward for Ocean Climate Policy as Reflected in the UNFCCC Ocean and Climate Change Dialogue 
Submissions (In revision) Climate Policy.

Drazen, J.C., Smith, C.R., Gjerde, K.M.,  Haddock, S.H.D., Carter, G.S., Choy, C.A. et al. (2020). 
Opinion: Midwater ecosystems must be considered when evaluating environmental risks of deep-
sea mining. Proceedings of the National Academy of Sciences of the United States of America, 117 
(30) 17455-17460. https//doi.org/10.1073/pnas.2011914117

Duarte, C.M., Agusti, S., Barbier, E., Britten, G.L.,  Castilla, J.C., Gattuso, J.-P. et al. (2020). Rebuilding 
marine life. Nature 580, 39–51 (2020). https://doi.org/10.1038/s41586-020-2146-7

Duncan, C., Pettorelli, N., Koldewey, H.J., Thompson, J.R. & Primavera, J.H.P. (2016). Multiple 
ecosystem services delivery in rehabilitated mangroves: a case study on the relative benefits of 
abandoned pond reversion from Panay Island, Philippines. Marine Pollution Bulletin, 109 (2), 772-
782. https://doi.org/10.1016/j.marpolbul.2016.05.049

Eckert, L., Ban, N., Tallio, S. & Turner, N. (2018). Linking marine conservation and Indigenous cultural 
revitalization: First Nations free themselves from externally imposed social-ecological traps. Ecology 
and Society, 23(4). https://www.jstor.org/stable/26796892

European Commission. (2019). The European Green Deal. COM/2019/640final. 24pp.

European Commission, EU. (2020). The European Green Deal Investment Plan and Just Transition 
Mechanism explained. https://ec.europa.eu/commission/presscorner/detail/en/ip_20_17

European Union, EU. (2021).  EU Taxonomy Climate Delegated Act 
https://ec.europa.eu/info/publications/210421-sustainable-finance-communication_en

Finance in Common, 2020. JOINT DECLARATION OF ALL PUBLIC DEVELOPMENT BANKS IN THE 
WORLD. https://financeincommon.org/sites/default/files/2021-06/FiCs%20-
%20Joint%20declaration%20of%20Public%20Development%20Banks.pdf

Fleming L.E., Depledge, M., Bouley T., Britton, E., Dupont, S., Eatock, C. et al. (2021.) The ocean 
decade—opportunities for oceans and human health programs to contribute to public health. 
American Journal of Public Health, 111(5), 808–811.  DOI: 
https://doi.org/10.2105/AJPH.2021.306229

Page 17 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.1073/pnas.1816020116
https://doi.org/10.1093/biosci/bix014
https://doi.org/10.1038/s41586-020-2146-7
https://www.jstor.org/stable/26796892
https://ec.europa.eu/commission/presscorner/detail/en/ip_20_17


For Peer Review

17

Friedlingstein, P., Jones, M.W., O'Sullivan, M., Andrew, M.R., Hauck, J., Peters, G.P. et al. (2019). 
Global Carbon Budget 2019. Earth System Science Data, 11(4), 1783-1838. 
https://doi.org/10.5194/essd-11-1783-2019

Gell, F.R. & Roberts, C.M. (2003). Benefits beyond boundaries: the fishery effects of marine reserves 
and fishery closures. Trends in Ecology & Evolution,18(9), 448-455. https://doi.org/10.1016/S0169-
5347(03)00189-7

Gloege, L., McKinley, G. A., Landschützer, P., Fay, A. R., Frölicher, T. L., Fyfe, J. C., et al. (2021). 
Quantifying errors in observationally based estimates of ocean carbon sink variability. Global 
Biogeochemical Cycles, 35, e2020GB006788. https://doi. org/10.1029/2020GB006788

Goldberg, L., Lagomasino, D., Thomas, N. & Fatoyinbo, T. (2020). Global declines in human-driven 
mangrove loss. Global Change Biology, 26(10), 5844-5855. https://doi.org/10.1111/gcb.15275

Grinsted, A., & Christensen, J. H. (2021). The transient sensitivity of sea level rise. Ocean Science, 17, 
181–186. https://doi.org/10.5194/os-17-181-2021

Grorud-Colvert, K., Sullivan-Stack, J., Roberts, C., Constant, V., Horta e Costa, B., Pike, E.P.  et al. 
(2021). The MPA Guide: A Framework to Achieve Global Goals for the Ocean. Science, 373. 
https://doi.org/10.1126/science.abf0861 

Hall-Spencer, J., Allain, V. & Fossa, J.H. (2002). Trawling damage to Northeast Atlantic ancient coral 
reefs.  Proceedings of the Royal Society, 269, 507-511. https://doi.org/10.1098/rspb.2001.1910

Hasson, A., Puy, M., Boutin, J., Guilyardi, E., & Morrow, R. (2018). Northward pathway across the 
tropical North Pacific Ocean revealed by surface salinity: How do El Niño anomalies reach Hawaii? 
Journal of Geophysical Research: Oceans, 123, 2697–2715. https://doi.org/10.1002/2017JC013423

Hilmi, N., Chami, R., Sutherland, M. D., Hall-Spencer, J. M., Lebleu, L., Benitez, M. B. et al. (2021).
The Role of Blue Carbon in Climate Change Mitigation and Carbon Stock Conservation. Frontiers in 
Climate, 3, 710546. https://doi.org/10.3389/fclim.2021.710546

 
Holbrook, N.J., Scannell, H.A., Sen Gupta, A., Benthuysen, J.A., Feng, M., Oliver, E.C.J. et al. (2019). A 
global assessment of marine heatwaves and their drivers. Nature Communications, 10, 2624. 
https://doi.org/10.1038/s41467-019-10206-z 

Hu, S., Sprintall, J., Guan, C., McPhaden, M.J., Wang, F., Hu, D. et al. (2020). Deep-reaching 
acceleration of global mean ocean circulation over the past two decades. Science Advances, 6(6), 
eaax7727. https://doi.org/10.1126/sciadv.aax7727

Hugonnet, R., McNabb, R., Berthier, E., Menounos, M., Nuth, C. et al. (2021). Accelerated global 
glacier mass loss in the early twenty-first century. Nature 592, 726–731. 
https://doi.org/10.1038/s41586-021-03436-z 

IPCC. (2021). Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group 1 to the Sixth Assessment Report of the Intergovernmental Panel on 

Page 18 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.5194/essd-11-1783-2019
https://doi/
https://doi.org/10.1111/gcb.15275
https://doi.org/10.1002/2017JC013423
https://doi.org/10.1038/s41467-019-10206-z
https://doi.org/10.1038/s41467-019-10206-z
https://doi.org/10.1126/sciadv.aax7727


For Peer Review

18

Climate Change. H.-O. Pörtner, D.C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, 
et al. (Eds.).

Jones, R. N. & Ricketts, J. H. (2021). The Pacific Ocean heat engine. Earth System Dynamics: 
Discussions. [preprint], https://doi.org/10.5194/esd-2021-61, in review.

Kaiser, M. (1998). Significance of Bottom-Fishing disturbance. Conservation Biology, 12(6), 1230-
1235. https://doi.org/10.1046/j.1523-1739.1998.0120061230.x

Kelly, R., Evans, K., Alexander, K., Bettiol, S., Corney, S., Cullen-Knox, C. et al. (2021). Connecting to 
the oceans: supporting ocean literacy and public engagement. Reviews in Fish Biology and Fisheries, 
https://doi.org/10.1007/s11160-020-09625-9

Klenert, D., Funke, F., Mattauch, L. & O’Callaghan, B. (2020). Five Lessons from COVID-19 for 

Advancing Climate Change Mitigation. Environmental and Resource Economics, 76, 751–778. 
https://doi.org/10.1007/s10640-020-00453-w

Kuo, Y.-N., Lo, M.-H., Liang, Y.-C., Tseng, Y.-H. & Hsu, C.-W. (2021). Terrestrial water storage 
anomalies emphasize interannual variations in global mean sea level during 1997–1998 and 2015–
2016 El Niño events. Geophysical Research Letters, 48, e2021GL094104. 
https://doi.org/10.1029/2021GL094104

Kuttippurath, J., Feng, W., Müller, R., Kumar, P., Raj, S., Gopikrishnan, G.P. et al. (2021). Exceptional 
loss in ozone in the Arctic winter/spring of 2019/2020. Atmospheric Chemistry and Physics, 21, 
14019–14037. https://doi.org/10.5194/acp-21-14019-2021

Laffoley, D. & Baxter, J.M. (2019). Ocean deoxygenation: Everyone's problem. Causes, impacts, 
consequences, and solutions. Gland, Switzerland: IUCN. 

Laffoley, D., Baxter, J. M., Amon, D. J., Claudet J., Hall-Spencer, J. M., Grorud-Colvert, K. et al. (2020). 
Evolving the narrative for protecting a rapidly changing ocean, post COVID-19. Aquatic Conservation: 
Marine and Freshwater Ecosystems, 31(6), 1512-1534. https://doi.org/10.1002/aqc.3512 

Lau, J.D., Song, A.M., Morrison, T., Fabinyi, M., Brown, K., Blythe, J. et al. (2021). Morals and climate 
decision-making: insights from social and behavioural sciences. Current Opinion in Environmental 
Sustainability, 52(October), 27-35. https://doi.org/10.1016/j.cosust.2021.06.005

Levin, L. A., Amon, D.J. & .Lily, H.  (2020). Challenges to the sustainability of deep-seabed mining. 
Nature Sustainability, 3(10):,784-794.  https://doi.org/

Le Quéré, C. & Metzl, N. (2004) Natural processes regulating the oceanic uptake of CO2. In: C.B. Field, 
M.R. Raupach (Eds) The Global Carbon Cycle: Integrating Humans, Climate, and the Natural World. 
Scope 62, Island Press, Washington, DC, pp. 243–255.
 

Page 19 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.1007/s11160-020-09625-9
https://doi.org/10.1007/s10640-020-00453-w
https://doi.org/10.1007/s10640-020-00453-w
https://doi.org/10.1029/2021GL094104
https://doi.org/10.1002/aqc.3512
https://doi.org/10.1016/j.cosust.2021.06.005


For Peer Review

19

Li, G., Cheng, L., Zhu, J., Trenberth, K.E., Mann, M.E.,& Abraham, J.P. (2020).  Increasing ocean 
stratification over the past half-century. Nature Climate Change, 10, 1116–1123. 
https://doi.org/10.1038/s41558-020-00918-2
 

Loeb, N. G., Johnson, G. C., Thorsen, T. J., Lyman, J. M., Rose, F. G. & Kato, S. (2021). Satellite and 

ocean data reveal marked increase in Earth’s heating rate. Geophysical Research Letters, 48, 

e2021GL093047. https://doi.org/10.1029/2021GL093047

Lubchenco, J., Cerny-Chipman, E. B., Reimer, J. N. & Levin, S. A. (2016). The right incentives enable 
ocean sustainability successes and provide hope for the future. Proceedings of the National 
Academy of Sciences of the United States of America, 113, 14507-14514. 
https://doi.org/10.1073/pnas.1604982113

Maher, B. & Van Noorden, R. (2021). How the COVID pandemic is changing global science 
collaborations. Nature, 594, 316-319. https://doi.org/10.1038/d41586-021-01570-2

Maire, E., Graham, N.A.J., MacNeil, M.A., Lam, V.W.Y., Robinson, J.P.W.,Cheung, W.W.L. et al. 
(2021). Micronutrient supply from global marine fisheries under climate change and overfishing. 
Current Biology, 31(18), 4132-4138. https://doi.org/10.1016/j.cub.2021.06.067

Maxwell, S.M., Gjerde, K.M., Conners, M.G. & Crowder, L.B. (2020). Mobile protected areas for 
biodiversity on the high seas. Science,367 (6475), 252-254.https://doi.org/10.1126/science.aaz9327

Miller, D.D., Sumaila, U.R., Copeland, D., Zeller, D., Soyer, B., Nikaki, T. et al. (2016). Cutting a lifeline 
to maritime crime: marine insurance and IUU fishing. Frontiers in Ecology and the Environment, 14 
(7), 357-362.https://doi.org/10.1002/fee.1293

Mora, C., Dousset, B., Caldwell, I.R., Powell, F.E., Geronimo, R.C., Bielecki, C.R. et al. (2017). Global 
risk of deadly heat. Nature Climate Change, 7, 501–506. https://doi.org/10.1038/nclimate3322 

Niner, H. J., Ardron, J.A., Escobar, E.G., Gianni, M., Jaeckel, A., Jones, D.O.B. et al. (2018). Deep-Sea 
Mining With No Net Loss of Biodiversity—An Impossible Aim. Frontiers in Marine Science, 5, 53. 
https://doi.org/10.3389/fmars.2018.00053

Obura, D.O., Katerere, Y., Mayet, M., Kaelo, D., Msweli, S., Mather, K. et al. (2021). Integrate 
biodiversity targets from local to global levels. Science ,373, 746-748 https://doi.org/ 
10.1126/science.abh2234

O’Hara, C.C., Frazier, M. & Halpern, B.S. (2021). At-risk marine biodiversity faces extensive, 
expanding, and intensifying human impacts. Science, 372 (6537), 84–87. 
https://doi.org/10.1126/science.abe6731

Page 20 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.1038/s41558-020-00918-2
https://doi.org/10.1038/s41558-020-00918-2
https://doi.org/10.1029/2021GL093047
https://doi.org/10.1073/pnas.1604982113
https://doi.org/10.1038/d41586-021-01570-2
https://doi.org/10.3389/fmars.2018.00053


For Peer Review

20

Ortuño Crespo, G., Mossop, J., Dunn, D., Gjerde, K., Hazen, E., Reygondeau, G. et al. (2020). Beyond 
static spatial management: scientific and legal considerations for dynamic management in the high 
seas. Marine Policy,  122(Dec), 104102. https://doi.org/10.1016/j.marpol.2020.104102

Perkins-Kirkpatrick, S.E. & Lewis, S.C. (2020). Increasing trends in regional heatwaves. Nature 
Communications 11, 3357. https://doi.org/10.1038/s41467-020-16970-7

Petrovan, S.O., Aldridge, D.C., Bartlett, H., Bladon, A.J., Booth, H., Broad, S. et al. (2021). Post COVID-
19: a solution scan of options for preventing future zoonotic epidemics. Biological Reviews, 
https://doi.org/10.1111/brv.12774

Pettorelli, N., Graham, N., Seddon, N., Bustamante, M., Lowton, M., Sutherland, W. et al. (2021). 
Time to integrate global climate change and biodiversity science-policy agendas. Journal of Applied 
Ecology, https://doi.org/10.1111/1365-2664.13985

Polidoro, B.A., Carpenter, K.E., Collins, L., Duke, N.C., Ellison, A.M., Ellison, J.C. et al. (2010). The Loss 
of Species: Mangrove Extinction Risk and Geographic Areas of Global Concern. PLoS ONE, 5(4), 
e10095. https://doi.org/10.1371/journal.pone.0010095

Portner, H.O., Scholes, R.J., Agard, J., Archer, E., Arneth, A., Bai, X. et al. (2021). IPBES-IPCC co-
sponsored workshop report on biodiversity and climate change.  IPBES and IPCC., Bonn, Germany 28 
pp. https://doi.org/10.5281/zenodo.4782538

Qu, T., Song, Y. T. & Maes, C. (2014). Sea surface salinity and barrier layer variability in the equatorial 
Pacific as seen from Aquarius and Argo. Journal of Geophysical Research: Oceans, 119, 15-29. 
https://doi.org/10.1002/2013JC009375

Reid, P. C., Hari, R.E., Beaugrand, G., Livingstone, D.M., Marty, C., Straile, D. et al. (2015). Global 
impacts of the 1980s regime shift. Global Change Biology, 22 (2), 682-703.
https://doi.org/10.1111/gcb.13106. 

Roark, B.E., Guilderson, T.P., Dunbar, R.B., Fallon, S.J. & Mucciarone , D.A. (2009). Extreme longevity 
in proteinaceous deep-sea corals. Proceedings of the National Academy of Sciences of the United 
States of America, 106(13), 5204-5208. https://doi.org/10.1073/pnas.0810875106

Roberts, J. T., & Parks, B. (2006). A climate of injustice: Global inequality, north-south politics, and 
climate policy. MIT press.

Roberts, C.M., O’Leary, B.C., McCauley, D.M., Cury, P.M., Duarte, C.M., Lubchenco, J. et al. (2017). 
Marine reserves can mitigate and promote adaptation to climate change. Proceedings of the 
National Academy of Sciences of the United States of America, 114(24), 6167-6175. 
https://doi.org/10.1073/pnas.1701262114

Roberts, C.M., O’Leary, B.C. & Hawkins , J.P. (2020). Climate change mitigation and nature 
conservation both require higher protected area targets. Philosophical Transactions of the Royal 
Society B – Biological Sciences, 375,20190121. https://doi.org/10.1098/rstb.2019.0121

Page 21 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.1016/j.marpol.2020.104102
https://doi.org/10.1111/brv.12774
https://doi.org/10.1111/1365-2664.13985
https://doi.org/10.1002/2013JC009375


For Peer Review

21

Ryabinin, V., Barbière, J., Haugan, P., Kullenberg, G., Smith, N., McLean, C,. et al. (2019). The UN 
Decade of Ocean Science for Sustainable Development. Frontiers in Marine Science, 6, 470. 
https://doi.org/10.3389/fmars.2019.00470

Sala, E., Mayorga, J., Bradley, D., Cabral, R.B., Atwood, T.B., Auber, A. et al. (2021). Protecting the 
global ocean for biodiversity, food and climate. Nature,  592 (7854), 397-402.  
https://doi.org/10.1038/s41586-021003371-z

Salinas, C., Duarte, C.M., Lavery, P.S., Masque, P., Arias-Ortiz, A., Leon, J.X. et al. (2020). Seagrass 
losses since mid-20th century fuelled CO2 emissions from soil carbon stocks. Global Change Biology, 
26 (9), 4772–4784. https://doi.org/10.1111/gcb.15204

Subsidiary Body for Scientific and Technological Advice. (2021). Ocean and climate change dialogue 
to consider how to strengthen adaptation and mitigation action. Informal summary report by the 
chair. 
https://www.unfccc.int/sites/default/files/resource/SBSTA_Ocean_Dialogue_SummaryReport.pdf

Seddon N., Chausson A., Berry P., Girardin C.A.J., Smith A. & Turner B. (2020) Understanding the 
value and limits of nature-based solutions to climate change and other global challenges. 
Philosophical Transactions of the Royal Society B – Biological Sciences, 375 (1794), 20190120. 
https://doi.org/10.1098/rstb.2019.0120

Shin, Y. J., Midgley, G. F., Archer, E., Arneth, A., Barnes, D. K., Chan, L. et al. (Submitted). Actions to 
halt biodiversity loss generally benefit the climate.  Global Change Biology

Gerald G. Singh, Harriet Harden-Davies, Edward H. Allison, Andrés M. Cisneros-Montemayor, Wilf 

Swartz, Katherine M. Crosman, Yoshitaka Ota. Opinion: Will understanding the ocean lead to “the 
ocean we want”? Proceedings of the National Academy of Sciences Feb 2021, 118 (5) e2100205118; 
DOI: 10.1073/pnas.2100205118

Solomon, S., Alcamo, J. & Ravishankara, A.R. (2020). Unfinished business after five decades of ozone-
layer science and policy. Nature Communications, 11, 4272. https://doi.org/10.1038/s41467-020-
18052-0

Steffen, W., Richardson, K., Rockström,J., Cornell, S.E., Fetzer, I., Bennett, E.M. et al. (2015). 
Planetary boundaries: Guiding human development on a changing planet. Science, 347 (6223). DOI: 
10.1126/SCIENCE.1259855

Su, J., Friess, D.A. & Gasparatos, A. (2021). A meta-analysis of the ecological and economic outcomes 
of mangrove restoration. Nature Communications, 12, 5050. https://doi.org/10.1038/s41467-021-
25349-1

Sumaila, U.R., Villasante, S. & Le Manach, F. (2019). Fisheries subsidies wreck ecosystems, don't 
bring them back. Nature, 571(7763), 36-37. https://doi.org/10.1038/d41586-019-02054-0

Sumaila, U.R., Tai, T.C., Lam, V.W., Cheung, W.W., Bailey, M., Cisneros-Montemayor, A.M. et al. 
(2019). Benefits of the Paris Agreement to ocean life, economies, and people. Science Advances, 
5(2), https://doi.org/10.1126/sciadv.aau3855.

Page 22 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.1111/gcb.15204
https://doi.org/10.1098/rstb.2019.0120
https://doi.org/10.1038/s41467-021-25349-1
https://doi.org/10.1038/s41467-021-25349-1
https://doi.org/10.1038/d41586-019-02054-0


For Peer Review

22

Sumaila, U. R., Khan, A.S., Dyck, A.J., Watson, R., Munro, G., Tydemers, P. et al. (2010). A bottom-up 
re-estimation of global fisheries subsidies. Journal of Bioeconomics, 12 (3) 201-225. 
https://doi.org/10.1007/s10818-010-9091-8

Sumaila, U. R., Walsh, M., Hoareau, K., Cox, A., Abdallah, P., Akpalu, W. et al. (2020).Ocean finance: 
Financing the transition to a sustainable ocean economy. World Resources Institute: Washington, 
DC, USA (2020).

Sumaila, U.R., Walsh, M., Hoareau, K., Cox, A., Teh, L. Abdallah, P. Zhang, J. (2021). Financing a 
sustainable ocean economy. Nature Communications.12, 3259 | https://doi.org/10.1038/s41467-
021-23168-

Syddall, V., Thrush, S. & Fisher, K. (2021). Transdisciplinary analysis of Pacific tuna fisheries: A 
research framework for understanding and governing oceans as social-ecological systems. Marine 
Policy, 134 (December), 104783. https://doi.org/10.1016/j.marpol.2021.104783

Tan, Y.M., Dalby, O., Kendrick, G. A., Statton, J., Sinclair, E. A., Fraser, M.W. et al. (2020). Seagrass 
Restoration Is Possible: Insights and Lessons from Australia and New Zealand. Frontiers in Marine 
Science, 7, 617. https://doi.org/10.3389/fmars.2020.00617     

TNFD. (2021). Nature in Scope.  Taskforce on Nature-related Financial Disclosures. 
https://tnfd.info/wp-content/uploads/2021/07/TNFD-Nature-in-Scope-2.pdf

The Blue Leaders. https://www.health.belgium.be/en/blue-leaders-30x30-highly-and-fully-protected

The Institutional Investors Group on Climate Change, IIGCC. (2021). 
https://www.parisalignedinvestment.org/media/2021/03/PAII-Net-Zero-Investment-
Framework_Implementation-Guide.pdf

Thiault, L., Mora, C., Cinner, J.E., Cheung, W.W.L., Graham, N.A.J., Januchowski-Hartley, F.A. et al. 
(2019). Escaping the perfect storm of simultaneous climate change impacts on agriculture and 
marine fisheries. Science Advances, 5(11), eaaw9976. https://doi.org/10.1126/sciadv.aaw9976

Thiele, T. & Gerber, L.R. (2017).   Innovative financing for the high seas. Aquatic Conservation: 
Marine and Freshwater Ecosystems,  27(S1), 89-99. https://doi.org/10.1002/aqc.2794

Thiele, T., Alleng, G., Biermann, A., Corwin, E., Crooks, S., Fieldhouse, P. et al. (2020). Blue 
Infrastructure Finance: A new approach, integrating Nature-based Solutions for coastal resilience. 
IUCN, Gland, Switzerland.

Trenberth, K. E. (2020) Understanding climate change through Earth’s energy flows. Journal of the 

Royal Society of New Zealand, 50(2), 331-347,.https://doi.org/10.1080/03036758.2020.1741404

Trisos, C. H., Merow, C. & Pigot, A. L. (2020). The projected timing of abrupt ecological disruption 
from climate change. Nature 580(7804), 496-501. https://doi.org/10.1038/s41586-020-2189-9 

Page 23 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.1038/s41467-021-23168-y
https://doi.org/10.1038/s41467-021-23168-y
https://tnfd.info/wp-content/uploads/2021/07/TNFD-Nature-in-Scope-2.pdf
https://www.health.belgium.be/en/blue-leaders-30x30-highly-and-fully-protected
https://doi.org/10.1002/aqc.2794
https://doi.org/10.1080/03036758.2020.1741404
https://doi.org/10.1038/s41586-020-2189-9


For Peer Review

23

 
Tyrrell, N.L., Dommenget, D., Frauen, C., Wales, S. & Rezny, M. (2015). The influence of global sea 
surface temperature variability on the large-scale land surface temperature. Climate Dynamics, 44, 
2159–2176. https://doi.org/10.1007/s00382-014-2332-0 

Ummenhofer, C.C. & Meehl, G.A. (2017). Extreme weather and climate events with ecological 
relevance: A review. Philosophical Transactions of the Royal Society B - Biological Sciences, 
372(1723), 20160135. https://doi.org/10.1098/rstb.2016.0135

UNEP-FI. (2020). The Sustainable Blue Economy Finance Principles https://www.unepfi.org/blue-
finance/the-principles/

UNGA .(2007). Resolution 61/105 Sustainable fisheries, including through the 1995 Agreement for 
the Implementation of the Provisions of the United Nations Convention on the Law of the Sea of 10 
December 1982 relating to the Conservation and Management of Straddling Fish Stocks and Highly 
Migratory Fish Stocks, and related instruments: 21.

UNGA.(2009). Resolution 64/72 Sustainable fisheries, including through the 1995 Agreement for the 
Implementation of the Provisions of the United Nations Convention on the Law of the Sea of 10 
December 1982 relating to the Conservation and Management of Straddling Fish Stocks and Highly 
Migratory Fish Stocks, and related instruments: 27.

Veng, T. & Andersen, O.B. (2021). Consolidating sea level acceleration estimates from satellite 
altimetry. Advances in Space Research, 68(2), 496-503. https://doi.org/10.1016/j.asr.2020.01.016.

Washburn, T.W., Turner, P.J., Durden, J.M., Jones, D.O.B., Weaver, P. & Van Dover, C.L. (2019). 
Ecological risk assessment for deep-sea mining. Ocean & Coastal Management, 176, 24-39.
https://doi.org/10.1016/j.ocecoaman.2019.04.014

Watling, L., & Norse, E. (1998). Disturbance of the Seabed by Mobile Fishing Gear: A Comparison to 
Forest Clearcutting. Conservation Biology, 12(6), 1180-1197. https://www.jstor.org/stable/2989836

Woodcock, P., O'Leary, B.C., Kaiser, M.J. & Pullin, A.S. (2017), Your evidence or mine? Systematic 
evaluation of reviews of marine protected area effectiveness. Fish and Fisheries, 18:,668-681. 
https://doi.org/10.1111/faf.12196

World Parks Congress. (2014). A strategy of innovative approaches and recommendations to 
enhance implementation of marine conservation in the next decade. Available at: 
http://worldparkscongress.org/downloads/approaches/ThemeM.pdf.

Yadav, S.S. &  Gjerde, K.M. (2020). The ocean, climate change and resilience: Making ocean areas 
beyond national jurisdiction more resilient to climate change and other anthropogenic activities. 
Marine Policy, 122, 104184.  https://doi.org/10.1016/j.marpol.2020.104184

Page 24 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.1007/s00382-014-2332-0
https://www.unepfi.org/blue-finance/the-principles/
https://www.unepfi.org/blue-finance/the-principles/
https://www.jstor.org/stable/2989836
https://doi.org/10.1111/faf.12196
http://worldparkscongress.org/downloads/approaches/ThemeM.pdf
https://doi.org/10.1016/j.marpol.2020.104184


For Peer Review

24

Yang, H., Lohmann, G., Wei, W., Dima, M., Ionita , M. & Liu,  J. (2016). Intensification and poleward 
shift of subtropical western boundary currents in a warming climate. Journal of Geophysical 
Research: Oceans, 121(7), 4928-4945.  https://doi.org/10.1002/2015JC011513

Yang, H., Lohmann, G., Krebs-Kanzow, U., Ionita, M., Shi, X., Sidorenko, D., et al. (2020). Poleward 
shift of the major ocean gyres detected in a warming climate. Geophysical Research Letters, 47, 
2019GL085868. https://doi.org/10.1029/2019GL085868

Yin, J., Overpeck, J., Peyser, C. & Stouffer,R. (2018). Big jump of record warm global mean surface 
temperature in 2014–2016 related to unusually large oceanic heat releases. Geophysical Research 
Letters, 45, 1069-1078. https://doi.org/10.1002/2017GL076500 

Young, P.J., Harper, A.B., Huntingford, C., Paul, N.D., Morgenstern, O., Newman, P.A. et al. (2021). 
The Montreal Protocol protects the terrestrial carbon sink. Nature, 596, 384-388. 
https://doi.org/10.1038/s41586-021-03737-3

Zahar, A. (2020). The Polluter Pays Principle and its Ascendancy in Climate Change Law. National 
Taipei University Law Review, 114, 129-180. http://dx.doi.org/10.2139/ssrn.3479845

Page 25 of 24

http://mc.manuscriptcentral.com/aqc

Aquatic Conservation: Marine and Freshwater Ecosystems

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://doi.org/10.1029/2019GL085868
https://doi.org/10.1002/2017GL076500
https://doi.org/10.1038/s41586-021-03737-3
https://dx.doi.org/10.2139/ssrn.3479845

