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Executive summary

Introduction

A multitude of agreements and policies form the international ocean governance framework,
many of which have been in place for several years. However, there are strong indications that
the state of the oceans is further deteriorating. In line with international commitments, notably
under the UN 2030 Agenda for Sustainable Development, and in particular its Goal 14, there is
a need to significantly scale-up efforts for conserving the ocean and its ecosystems in a holistic
way and urgently implement responses that can lead to transformative - and not only
incremental - changes. Those responses come at a cost while at the same time they have
potential to reap great benefits. However, this is linked to some challenges:

e The costs of such responses are usually easier to grasp and assess than the benefits which
are often of an indirect nature;

e The benefits only manifest in the future while costs are to be borne upfront;

¢ The benefits may manifest outside the geographic scope of the intervention, i.e. those who
pay are not necessarily the ones that benefit.

It is therefore challenging to convince decision makers, the private sector and other
stakeholders to increase efforts in protecting the oceans; and hard for decision makers to
convince their constituency of the benefits of such efforts.

This study
Against this backdrop, this study has three overall objectives:

¢ To describe and quantify the economic costs and benefits of scaling up international efforts
on ocean governance;

e To estimate the economic costs in case of a no-change scenario for the oceans, i.e. pressures
remain and/or increase while the ocean-related 2030 Agenda, in particular SDG 14, targets
remain unfulfilled; and

e To propose actions (responses) to maximise the benefits, minimise the costs and enable the
transformative changes needed to conserve and sustainably use the oceans by 2030.

Following the objectives of the study, two scenarios up to 2050 and a baseline have been
defined for the project:

e A business as usual scenario (BAU): the current policy framework (policies, projects,
partnerships etc.), the ambition forinternational ocean governance and also relevant policies
for land-based activities continue in their current form;

e A scaled up efforts scenario (SUE): sufficient and, where needed, transformative efforts are
made and lead to a reversal of negative trends.

e A baseline: for each pressure on the oceans, it is the point of comparison between the
“business as usual” scenario and the “scaled up efforts” scenario. The study uses 2020 as
the reference year. Where no data for 2020 is available, the latest available data is used.

The project uses the widely-used Driver-Pressure-State-Impact-Response (DPSIR) framework
to describe links between human activities, their impacts on environment and how this is
expected to change through policy interventions. This methodological framework has been
adapted to meet specific challenges entailed by the topic and scope of the study.
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Pressures on the oceans

Using the DPSIR framework, the study identifies relevant pressures exerted on the oceans, i.e.,
the mechanisms that result from one or more human activities and impact the oceans in one

way or another. The aim was to structure and map the issues the oceans face. Pressures were
identified and categorised as follows:

o Biological pressures

e Physical pressures

e Pressures linked to pollution

o Changes in water properties due to climate change.

For several pressures, the main causes are land-based. Albeit those are not directly within the
policy scope of international ocean governance, they were taken into consideration in the study
as only a holistic approach could trigger the much-needed transformative changes.

Key pressures identified in the study are listed in the Figure below.

Figure 0.1 Overview of identified key pressures
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A global ranking of the most urgent and relevant pressures has not been possible. However,
some pressures seem more relevant than others and are discussed more widely in the literature
or are identified as key pressures in sea-basin reports. This includes for example marine litter,
the introduction of substances leading to eutrophication and the extraction of fish species.

The fact that some pressures are more widely discussed than others could help prioritise actions
and investments under ocean governance, with the caveat, however, that fewer references in
literature do not automatically mean less importance of the issue. Indeed, plastic litter has
attracted much attention over the last decades and much literature has been produced. Other
issues are less debated, for instance the introduction of harmful substances. However, this does
not mean that their impacts are minor but might have other reasons, for example that those
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substances are harder to spot and detect than litter and that they thus are less present in the
public mind.

In addition, there are often strong interactions between different pressures, some of which are
yet poorly understood. An improved ocean governance should put additional emphasis on
identifying and understanding those interactions in order to develop a more efficient, but also
more cost-effective policy.

Where do these pressures come from
Pressures on the oceans are caused by human activities, both sea-based and land-based.

Some pressures are caused by a multitude of activities. For instance, the discharge of (not-
sufficiently treated) wastewater, as well as a range of household and transport-related activities
all lead to the release of microplastics into the oceans. Certain activities also contribute to
causing many pressures, while others cause a specific single pressure. For instance, shipping
can cause the introduction of alien invasive species and microbial pathogens, death and injury
of wild species by collision, air and noise pollutions. While the introduction of radionuclides is
currently mainly provoked by nuclear reprocessing and power generation (in the absence of
nuclear accidents).

Some activities are concentrated in specific locations, while others have a rather global scope.
For instance, activities such as oil extraction and exploration, or nuclear reprocessing and power
production are taking place in rather specific places. Other activities, such as release of
wastewater take place all around the globe. The pressures they cause include pollution, marine
litter and introduction of microplastics, which can be found everywhere in the oceans by now.
In addition to the ubiquitous introduction of those pollutants, some are also very mobile, can
be transported far and cause negative impacts from their original source.

This makes it challenging to assess the sources of pressures in a local or even regional context
while at the same time this is indispensable for addressing them. Also, this demonstrates the
role that the local context and scope plays when monetising the cost of action / inaction.
However, in general the study found that in many cases it is most cost-efficient to stop
pressures at source (e.g. in case of point-source emissions) instead of trying to mitigate their
impacts.

Business case for improved international ocean governance

The study presents an estimation of the current economic value of the oceans in relation to
ecosystem services, abiotic flows and spatial functions they provide and support. It then
compares the costs and benefits of implementing different measures under the business as
usual (BAU) and scaled up efforts (SUE) scenarios. The study also estimates the minimum cost
of inaction that results from comparing SUE and BAU scenarios, with a focus on ecosystem
services. The findings are subject to a number of assumptions made under the System of
Environmental-Economic Accounting - Ecosystem Accounting (SEEA EA) framework.

The text below provides a short summary of a series of specific economic assessments
undertaken at different geographical scales and covering a wide scope of ecosystem services in
the study. The summary does not include the findings for spatial functions that are considered
to be less robust. It has not been possible to provide an aggregated figure for all services,
flows and functions considered.
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However, the findings of the study demonstrate a clear business case for an improved
international ocean governance as shown by the high possible gains in case actions are
scaled up (SUE scenario).

Wild fish provisioning services, i.e. services associated with commercial fisheries of
specific species

Inaction and highly likely failure to achieve the maximum sustainable yield (MSY) ratio for tuna
and sardine fish stocks by 2050 could result in a cost of €13.4 billion and €3.3 billion in 2050
respectively. A SUE scenario would see the MSY ratio achieved and sustained for all fish stocks
by 2050, resulting in an estimated economic value of tuna and sardine fish stocks of €14.7
billion and €6.5 billion respectively in 2050. In case of a BAU scenario, it is estimated that the
economic value of tuna and sardine fish stocks could reduce to €1.3 billion and €3.2 billion
respectively in 2050.

Aquaculture provisioning

Under a SUE, the average consumption of seafood from mariculture in Europe could
gradually replace the consumption of meat and increase to 26.03 kg / inhabitant in 2050
and have an associated economic value of €26.9 billion. This scenario would also result
in an even further reduction of environmental costs associated with farming for meat
production, in comparison to the BAU scenario.

Regulation and maintenance services, i.e., services resulting from the ability of the
ecosystems to regulate biological processes and influence climate, hydrological and
biochemical cycles)

Considering the global carbon sequestration role performed by mangroves, salt
marshes and seagrass meadows only, inaction and failure to reverse historical trends
of marine and coastal ecosystems loss and degradation could result in a cost of €57
billion in 2050. And if coastal protection services provided by mangroves and coral
reefs worldwide are considered, the cost of inaction would add an additional €51.7
billion.

On the contrary, an increase in mangroves, salt marshes and seagrass meadows
coverage, could lead to benefits with carbon sequestration services potentially
reaching a value of €152 billion in 2050. Similarly, achieving pre-1980 mangrove
coverage globally, and maintaining the current coverage of coral reefs as a minimum,
would assist in increasing the coastal protection function that these ecosystens
perform, with theirassociated economic value estimated at €535.2 billion in 2050.

In addition, coastal and marine ecosystems provide fundamental waste remediation
services that are key to maintain a healthy ocean. Estimates indicate that the cost of
inaction, should degradation rates for mangrove and saltmarsh continue, could reach
an additional €415.7 billion in 2050. However, a SUE scenario that maintains their current
global coverage, would also maintain the current economic value of the waste remediation
services mangroves and saltmarsh provide (estimated at €3,370 billion).

Related to this, is the value biological control services can have. To illustrate its relevance, it
has been assumed that under a BAU scenario, the humber of human infections per year due to
harmful algae blooms would lead to annual average costs potentially up to €25.7 million.
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Another important role performed by coastal and marine ecosystems, and that
sustains all other services and the overall ecosystem functioning, is related to nursery
population and habitat maintenance services. The cost of inaction associated with
mangrove and saltmarsh habitats specifically has been estimated at an additional
€27.3 billion in 2050. On the contrary, a SUE scenario would maintain the current
global coverage of around 192,000 km? of mangroves and saltmarsh in 2050, and
therefore maintain their current economic value for this service (estimated at €221.4
billion).

Cultural services, i.e. experiential and intangible services related to the perceived or
actual qualities of the ecosystems that contribute to cultural benefits

The costs of inaction as regards plastic management due to coastal tourism could
reach between €1 - €7.1 billion per year. With a SUE scenario by which coastal tourism
pressures on coastal areas are alleviated, the cost of plastic management would be
reduced to a range between €9 and €23 billion in 2050.

If historical coral degradation rates continue, the non-recreational cultural services
they provide, like aesthetic information and knowledge development, the costs could
reach €0.25 billion in 2050, while under a SUE scenario, the current coverage of coral
reefs across the globe and the current value of these services estimated at €1.42 billion
would be maintained as a minimum in 2050.

The figure below provides an overview of the main findings under the SUE scenario. However,
it should be kept in mind that it only represents the value of a selected number of
ecosystem services under a SUE scenario due to methodological challenges, and which
are part of a much bigger picture that is complex to fully disentangle and monetise.
Thus, it can be expected that the actual benefits are even higher than the ones presented here.
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Figure 0.2 Economic value of ecosystem services under a SUE scenario
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What responses could be taken

The study showed that there is a clear merit to scale up efforts to reduce the pressures on the
oceans. In a business as usual scenario in which the current ambition of efforts persists, the
value of several ecosystem services will continue to decline, leading to large economic damages
and costs.

However, reversing negative trends requires decisive actions. However, current efforts for
reducing the pressures on the oceans are not sufficient. Transformative actions are required,
and they should go beyond sea-based activities, triggering large-scale changes in land-based
activities, as well as in consumer attitudes and affecting society as a whole. Prevention, even
though it may seem more costly at the onset, is often the most viable and cost-effective
response to be given.

Vi
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Introduction

State of the oceans

The oceans cover more than 70% of the surface of the planet and their ecosystems provide
significant benefits to human societies, such as climate regulation, food, coastal protection from
sea action, employment, or cultural values. However, human activities continue to exert
significant pressures that lead to the degradation of the marine realm and in particular of critical
habitats for species such as mangroves and coral reefs. This is underpinned by social,
demographic and economic developments of societies, such as population growth, the
increasing demands for goods and services from the marine environment, and many more
drivers. Even though those drivers and the resulting human activities are not uniformly
distributed, the pressures on the oceans that result from them can be observed in almost all
ocean and sea basins.

Current policy framework

In the international community, there is an FEigure 1.1 The ten SDG14 targets
increased understanding that the oceans, their
ecosystems and their resources are not “endless” 1 E.‘Smm SDG14.1 - Marine pollution
and need adequate conservation, that
pressures/threats on them continue to increase and
to have cumulative impacts, and that at the same
time the current efforts by international community
are not sufficient to ensure their sustainability. The | SDG14.3 - Ocean acidification
obligation to protect and preserve the marine
environment is a general obligation under SDG14.4 - Fisheries
international law as reflected in the UN Convention
on the Law of the Sea (UNCLOS).

SDG14.2 - Marine and coastal
ecosystems

SDG14.5 - Marine protected areas

At international level, this acknowledgment has
also resulted in the United Nations 2030 Agenda for
Sustainable Development and its Sustainable
Development Goal (SDG) 14 to “Conserve and SDG14.7 - Economic benefits from sustainable
Sustainably Use the Oceans, Seas and Marine use of marine resources to SIDS and LDCs
Resources for Sustainable Development”!. SDG 14
aims to ensure that the use of oceans, seas and | SPG14.A- Scientificknowledge, research and
. technology for ocean health

their resources are protected, conserved and used

sustainably in the long term by tackling some of
humanity’s interactions with the oceans and calling
for transformative change towards more
sustainable practices. SDG 14 consists of 10 | SDG14.C-Intemational Law of the Sea
targets (see Figure 1.1) which recognise the
environmental, economic and social benefits that clean, healthy and productive oceans and seas
provide (e.g., SDG14.7). At the same time, SDG14 recognises the human-induced pressures
that the oceans are submitted to (e.g., SDG14.1), and which need to be managed through

SDG14.6 - Fishery subsidies

SDG14.B - Small-scale fisheries

! See: https://sdgs.un.org/goals/goall4
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adequate responses (e.g., SDG14.6) so that the oceans continue to provide current and future
generations with their invaluable ecosystem services.

Reaching those targets, however, is a major challenge. The oceans, the underlying legal
governance framework and maritime policies, and the SDG14 targets themselves are highly
complex and cross-sectoral. In addition, political will for implementing and further developing
that framework is sometimes limited. At the same time, some of the most damaging impacts
on the oceans stem from pressures that are land-based and thus fall not directly within the
marine policy framework. Thus, considerable efforts are needed across almost all human
activities to ensure the cleanliness, health and productivity of our oceans.

At international level and globally, numerous instruments are in place to regulate human
activities and their impacts on the oceans. In particular, this includes the UN Convention on the
Law of the Sea (UNCLOS)?, which is recognised as the Constitution of the Oceans, and provides
the legal framework within which all activities in the oceans and seas must be carried out. Other
examplesinclude the Agreement on Port State Measuresto Prevent, Deter and Eliminate Illegal,
Unreported and Unregulated Fishing3, the International Convention for the Prevention of
Pollution from Ships (MARPOL)* and several others®. However, at a global level it is unlikely
that the SDG 14 targets can be reached by their deadlines; and those for which deadlines have
already passed, were not achieved.

The EU and its Member States acknowledged the need for protecting the oceans several years
ago and put in place an elaborate policy framework to manage the oceans in a sustainable way,
including by become party to the UNCLOS and its implementing agreements. This policy
framework generally predates the 2030 Agenda (which started in 2015) but is coherent with
the SDG14 targets. It is considered also to a large extent supportive of these targets - with the
caveat, however, that also within EU waters, several of the SDG14 targets may not be achieved
by their respective deadlines if efforts are not stepped up; and for some targets the deadline
has already passed (e.g., 14.4 on sustainable fishing/maximum sustainable yield which was
due in 2020).°

In acknowledgment that the oceans have no borders and thus that international efforts are
needed to protect them, in November 2016, the European Commission and the EU's High
Representative adopted a joint agenda on International Ocean Governance’ (I0G Agenda).
Following timely achievement of most deliverables of the I0G Agenda® the European
Commission in association with the European External Relations Service also started reflecting
upon strategic orientations and possible actions under a renewed IOG Agenda. This new agenda,

2 See: https://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_e.pdf

3 FAO (2016). The FAO Agreementon Port State M easures (PSMA) to Prevent, Deter and Eliminate Illegal, U nreported
and Unregulated Fishing. See: www.fao.org/port-state-measures/en

4 See herefor moreinformation: https://www.imo.org/en/About/Conventions/Pages/International -Convention-for-the -
P revention-of-Pollution-from-Ships-(MARPOL).aspx

> A good and comprehensive overview can for example be found here:
https://thedocs.worldbank.org/en/doc/2faa3cc2e63a83382d4ef6ca85e83fc4-0320072022/original/O cean-Governance-
Summaries-Booklet-EN-Final-Feb9.pdf

6 EC (2021). Assessmentof the existing EU policy tools in the field of Sustainable Development Goal (SDG) 14 and other
ocean-related agenda 2030targets. See: https://op.europa.eu/en/publication-detail/-/publication/1625f673-b201-
11eb-8aca-0laa75ed71al

7 JO INT COMMUNICATION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SO CIAL
COMMITTEEAND THECOMMITTEE OF THEREGIONS Intemational Ocean Govemance: an agenda for the future of our
oceans. See: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52016]C0049

8 JO INT REPORT TO THE EUROPEAN PARLIAMENT AND THE COUNCIL Improving I nternational O cean Governance — Two
years of progress. See: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=JOIN:2019:4:FIN
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titled “Setting the course for a sustainable blue planet, Joint Communication on the EU’s
International Ocean Governance agenda”® was published in 2022 and further developed the
ambitions of the EU in I0G.

Future policy outlook

It is acknowledged that the current policy framework put in place at both the international and
European levels to manage the oceans in sustainable way is insufficient to reach the SDG14
targets within the time given. For this reason, future policy developments are expected to
increase the level of efforts to better preserve marine and coastal ecosystems.

At the European level, the European Mission “Restore our ocean and waters by 2030”10 is part
of a new instrument embedded in the Horizon Europe programme that aim to address some of
the global challenges through research and innovation and with a systemic approach. It aims
specifically at achieving quantifiable targets regarding the preservation and the restoration of
marine ecosystems and biodiversity, the prevention and the elimination of pollution from the
ocean and seas, the shift of the EU blue economy toward a circular and carbon blue neutral
economy.

Along with the implementation of the European Mission, the EU is implementing the Biodiversity
strategy for 2030. This comprehensive and long-term plan is the proposal for the EU’s
contribution to the global post-2020 biodiversity framework in the upcoming international
negotiations.

The EU is also seeking to pave the way for a global agreement on plastics. Marine litter, and
notably microplastics, are one of the main pressures for marine and coastal ecosystems.
Nevertheless, no global agreementor legally binding instrument exist to deal with this threat
and responses are fragmented.

For this reason, more than one hundred countries called to take urgent action and define a
strategy under the auspices of the United Nations. In 2017, the United Nations Environment
Assembly (UNEA) set up an ad-hoc open-ended expert group on marine litter (the "AHEG") in
order to identify potential solutions. This processled in March 2022 to the adaption of resolution
5/14 “End Plastic Pollution: towards an international legally binding instrument” by the United
Nations Environment Assembly (UNEA) which set out a mandate for negotiations for an
international legally binding instrument on plastic pollution, including in the marine
environment.

At the international level, the fourth session of the Intergovernmental conference to develop an
international legally binding instrument under the United Nations Convention on the Law of the
Sea on the conservation and sustainable use of marine biological diversity of areas beyond
national jurisdiction (BBNJ]) was held at the beginning of March 2022!%. This conference
aimed!2to elaborate the text of an international legally binding instrument by addressing the
topics of marine genetic resources, including questions on the sharing of benefits, measures

® O INT COMMUNICATION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SO CIAL
COMMITTEEAND THECOMMITTEE OF THEREGIONS. Setting the course for a sustainable blue planet - Joint
Communication onthe EU’s Intemational Ocean Governance agenda {SWD(2022) 174 final}.See: https://oceans-and-
fisheries.ec.europa.eu/system/files/2022-06/j0in-2022-28 en.pdf

10 See: https://ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/funding-programmes-and-
open-calls/horizon-europe/eu-missions-horizon-europe/healthy-oceans-seas-coastal-and-inland-waters _en

1 See the event:
https://www.un.org/bbnj/content/home?Is%20Featured=0&language=en&sort_by=created&sort_order=DESC&page=1

12 See: https://www.un.org/depts/los/biodiversity/prepcom.htm
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such as area-based managementtools, including marine protected areas, environmental impact
assessments and capacity-building and the transfer of marine technology.

Lastly, international negotiations in line with SDG 14.613 regarding the prohibition of harmful
fisheries subsidies® led in June 2022 to a WTO agreement on Fisheries Subsides with the belief
that uniform and global approach would avert competition and trade distortion issues arising
from differing disciplines in this area at national level. For the Agreementto become operational,
two-thirds of members have to deposit their “instruments of acceptance” with the WTO

Is that sufficient?

Given the fact that despite the elaborate policy framework the oceans are still at peril it is
doubtful that the current ambition suffice to maintain healthy and productive oceans in the
future. It is also unclear to what extent the upcoming policies, while being highly relevant, will
lead to major trend reversals.

As the remainder of this report shows, a large part of problems that the oceans face is also not
predominantly caused by sea-based activities, but rather by land-based activities!®>. Those
activities emit pollutants and litter which are then deposited in the oceans, cause climate
change, etc. Thus, a strengthened international ocean governance alone may not be sufficient
to address the issues in a comprehensive manner, and this is why the report also takes into
account the land-based activities which lead to pressures at Sea. Even though also for almost
all of the land-based issues there are already policy responses in place at global, regional or
national levels!®, also here, a large majority of those responses are already in place for years
up to decades, but nevertheless the negative trends have in most cases not been reverted.

Thus, this “business as usual”, while being ambitious at times, seems to not suffice to reverse
the major downward trends faced by the oceans.

What more should be done?

In view of this, it seems like efforts need to be scaled up significantly — including efforts across
the whole of society, given the important role that land-based activities play in affecting the
state of the oceans. Those changes cannot be to a large extent incremental but need to be
transformative. However, implementing responses that lead to those changes - transformative
or not — comes at a cost. At the same time, they would ensure, that the benefits provided by
the oceans are maintained or even increased.

However, this is linked to some challenges:

e The costs of such responses are usually easier to grasp and assess than the benefits which
are often of an indirect nature;
e The benefits only manifest in the future while costs are to be borne upfront;

13%By 2020, prohibit certain forms of fis heries s ubsidies which contribute to overcapacity and overfishing, eliminate
subsidies that contribute to illegal, unreported and unregulated fishingand refrain fromintroducing new s uch subsidies,
recognizingthatappropriate and effective special and differential treatment for developing andleastdeveloped
countriesshouldbe an integral part of the World Trade Organization fisheries subsidies negotiation” See:
https://sdgs.un.org/goals/goall4

% Harmful fisheries s ubsidies are understood as those that stimulate overcapacity and overfishingand illegal,
unreported, or unregulated (IUU) fishing

15> The depletion of fish stocks due to overfishingis one of the exceptions to this.

6 1t shouldalso be pointed out, however, thatalsohere to datethere are still many policy gaps, conflicting priorities,
and trade-offs.
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e The benefits may manifest outside the geographic scope of the intervention, i.e., those who
pay are not necessarily the ones that benefit.

Against this backdrop it is hard to convince decision makers, the private sector, and other
stakeholders to increase efforts in protecting the oceans; and hard for decision makers to
convince their constituency of the benefits of such efforts.

This study

This study has three overall objectives:

e To describe and quantify the economic costs and benefits of scaling up international efforts
on ocean governance;

e To estimate the economic costs!” in case of a no-change scenario for the oceans, i.e.
pressures remain and/or increase while the ocean-related 2030 Agenda, in particular
SDG 14, targets remain unfulfilled; and

e To propose actions (responses) to maximise the benefits, minimise the costs and enable the
transformative changes needed to conserve and sustainably use the oceans by 2030.

Thus, in short, the objective of this projectis to provide insights into the costs and benefits of
scaling up international efforts for stopping negative effects from human activities on the
oceans. This information is aimed at decision makers, the private sector and other stakeholders
to better understand the added value of increasing efforts, and also to have the economic
arguments needed to obtain societal buy-in necessary to support the changes and the efforts
needed. To this end, the study compares this “scaled up international efforts” scenario against
a “business as usual scenario”. The objective is also to identify the most cost-effective (in a
social, economic and environmental perspective) responses that the international community
can pursue in order to achieve real and long-lasting change.

As mentioned before, for a number of pressures, the main emitters are land-based; it is
important to highlight that this study also considers responses for those even though they are
not directly falling under ocean governance. This is done since it is crucial to get the full picture
of the reasons why the oceans are deteriorating and how to tackle this; in those cases, only
focusing on sea-based emitters which fall under the direct governance of ocean policy but are
fairly small compared to land-based activities would not solve the issue and would also not
trigger the transformative change which is required.

The project uses a tailored Driver-Pressure-State-Impact-Response (DPSIR) framework to
describe links between human activities, how they affect the oceans, and how policy
interventions (responses) could be used to reduce the negative effects on the oceans, in a
structured way. This is explained in more detail in Appendix 1.

The table below summarises the main structure of the report, taking into account the different
objectives of the project and the DPSIR framework.

Table 1.1 Overview of the structure of the report

Chapter Description

2 Pressureson the ocean This chapter describes and lists the principal pressures which the
oceans face due to human activities.

3 Business case for improved This chapter describes the business case for an improved

international ocean governance international ocean governance.

7 Thosearereferred to as “foregone benefits” or "damages” in this study. See Appendix 1 for more detail.
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2.1

Chapter Description

4 Pathways towards improved This chapter describes potential responses that could be
international ocean governance envisaged towards improved international ocean governance.

5 Conclusions This chapter draws main conclusions based on the information in
the prior chapters.

Pressureson the ocean

Introduction
This chapter provides insights about the pressures which affect the oceans.

First, section 2.2 provides a short summary about how the pressures have been identified and
what they are. The methodology for identifying and mapping the pressuresis describedin more
detail in Appendix 1.

Then, section 2.3 provides more details about each of those pressures. This includes information
on what it is and how it affects the oceans, where it is most prominent in the world, future
outlook, and, finally, which human activities lead to those pressures (including information,
where available, on past trends, geographical distribution, and how different stakeholder groups
are concerned). More detailed information about each of those points can be found in Appendix
2 (Detailed description of pressures) and Appendix 3 (Detailed description of activities leading
to pressures). Appendix 2 also contains additional information on knowledge gaps per pressure.
Appendix 3 also presents for each pressure a detailed flowchart which summarises the drivers
and activities leading to the specific pressure. The Figure below is an illustration of such a
flowchart, on the example of the pressure “introduction of indigenous species”.

Figure 2.1 Example of a flowchart for the pressure “introduction of indigenous species”

Drivers
Transport need

Activities

Food need

Shipping
Transport corridors
Fishing and aquaculture

y

Pressures

Introduction of noiindigenous
species

A 4

Impacts (on welfare)

A 4

State changes

Source: Own illustration
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2.2

Identification of pressures

The study identified relevant pressures exerted on the oceans, i.e., mechanisms that change
something in the oceans and that result from one or more human activities, in orderto structure
and map the issues the oceans face. Pressures have been categorised as follows:

Biological pressures

Physical pressures

Pressures linked to pollution
Changes in water properties due to climate change

Under each of the categories, different pressures have been identified which are shown in the
Figure below.

Figure 2.2 Overview of identified pressures
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2.3

2.3.1

2.3.1.1

Mapping of pressures and main human activities leading to them

Biological pressures

Introduction of non-indigenous species

What is the pressure about and where is it found

The oceans are populated by different species of animals, plants and
Z/ I\N microorganisms that have evolved separated by natural barriers, in isolation - to
\",\ some extent. Some of these species move, or are introduced, far beyond their
natural ranges into a new biogeographical area, where they do not naturally occur.
These species are called “non-indigenous species” (NIS), “introduced species” or “alien species”.

When a species is established is a new environment, if it can tolerate the new conditions
encountered, it may not be subjected to the natural controls, such as predators, parasites or
diseases, that keep population numbers in check. As a result, the invasive species tend to
increase rapidly, sometimes to the point where they take over their new environment. Such
species can reduce biodiversity, alter community structure and function, diminish fisheries
production and may also impact human health and well-being.

Globally, about 2,000 marine NIS have been introduced to new areas through human-mediated
movements and activities'®. Non-indigenous invasive species are thus found to be a pressure
everywhere in the oceans. From our literature review it is listed as a pressure in almost all the
reports covering the different sea-basins, though some areas are particularly important as
vectors of NIS (e.g. Suez and Panama Canals). It is highlighted as a key pressure in the
assessments of European seas (Baltic Seal?, Mediterranean??, North-East Atlantic?!), Northwest
Pacific?2, Arctic Ocean?3 and Pacific Islands?4. However, the information available on NIS is
variable spatially, temporally and taxonomically.

It should be noted that this phenomenon is exacerbated by climate change, including extreme
events, and other human-induced disturbances?®

Which human activities cause this pressure

Shipping

Non-indigenous species can be transported attached on ships, boats or other
watercraft. This includes the unintentional transportation of species via fishing
vessels or their equipment (fishing gear, anchor chains, etc), as well as species travelling into

18 United Nations (2021) World Ocean Assessment, V olume II. See:
https://www.un.org/reqularprocess/sites/www.un.org.reqularprocess/files/2011859-e-woa-ii-vol-ii.pdf

1 HELCOM (2018) State of the Baltic Sea - Holistic Assessment.

20 UNEP- State ofthe Environmentand Development in the Mediterranean.

21 O SPAR (2016) OSPAR Coordinated E nvironmental Monitoring P rogramme.

22 NO WPAP (2018) Assessment of Major P ressures on Marine Biodiversity in the NOWPAP Region.
23 MARINEPROTECTEDAREAS IN A CHANGINGARCTIC, PAME- Arctic Council (2021)

24 Secretariatof the Pacific Regional E nvironment P rogramme (2020) State of Environment and Conservation in the
Pacific Islands: 2020 Regional Report.

25 0javeer et al. (2018). Historical baselines in marine bioinvasions: I mplications for policy and management. See:
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0202383&type =printable



https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files/2011859-e-woa-ii-vol-ii.pdf
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0202383&type=printable

Ramboll - “Business case” for further action on international ocean governance

2.3.1.2

the ballast water of vessels. Long distance sport fishing can also be a source of unintentional
introduction, for instance when species are transported across sea on damp angling gear?6. A
2019 study?? found that shipping accounts for 60 to 90 percent of the introduction of exotic
species into new territories, and that given the steep increase in shipping demand, “the
emerging global shipping network could yield a three-fold to 20-fold increase in global marine
invasion risk between now and 2050728, The study also suggests that the rising demand for
shipping will promote the spread of non-native pests even more than the effects of climate
change. Shipping is considered the main vector for NIS in all sea-basins?°.

Transport corridors

Non-indigenous species can be introduced into different ecosystems by travelling along
artificially created infrastructure corridors such as artificial waterways/canals connecting
previously unconnected water bodies, basins or seas. Shipping canals are in fact considered to
pose the largest threats (e.g. Suez, Panama, Ponto-Caspian etc). In the future, the opening up
of Artic transport routes, due to the reduction of sea ice, could also constitute a threat in this
field.

Fishing and aquaculture

NIS can intentionally be introduced into the marine environment, for instance alien fish and
especially shellfish can be introduced to increase local catches, culture or for conservation
purposes. Alien species can also be introduced for the purpose of fish farming, with subsequent
escape from farms, including via other animals such as cormorants. The trade in live seafood
or live fish bait, as well as the use of aquariums, can also be a cause of introduction of NIS3°,

Extraction of wild fish species

What is the pressure about and where is it found

P71\ It is widely documented that large parts of the world’s fisheries are not managed
(] )] sustainably and that fish stocks globally are under pressure, and thus that the
\",\ target calling for sustainable fisheries under SDG14 (i.e., 14.4) has not been met.
This is reflected for example in the fact that around 1/3™ of assessed global marine

fish stocks is fished at biologically unsustainable levels when looking at legal fishing 31, and that
IUU fishing continues and fuels illicit trade in seafood while weakening fisheries governance32,

26 Smith et al. (2020) Recreational angling as a pathway for invasive non-native species spread: awareness of
biosecurity andtherisk oflong distance movementinto GreatBritain. See:
https://link.springer.com/article/10.1007/s10530-019-02169-5

27 Nature (2019) Invasive s pecies to surge as ship traffic soars on the high seas. See:
https://www.nature.com/articles/d41586-019-00870-y

28 Nature (2019) Invasive s pecies to surge as ship traffic soars on the high seas. See:
https://www.nature.com/articles/d41586-019-00870-y

2% United Nations (2021) World Ocean Assessment, V olume II. See:
https://www.un.org/reqularprocess/sites/www.un.org.reqgularprocess/files/2011859-e-woa-ii-vol-ii.pdf

30 JTUCN. Marine Menace: Alieninvasive s pecies in the marine environment. See:
https://www.iucn.org/downloads/marine_menace _en_1.pdf

31 FAO (2020). T he State of World Fisheries and Aquaculture 2020. Sustainability in action.

32 sumaila, U., et al. (2020). Illicit trade in marine fish catch and its effects on ecosystems and people worldwide.
Science Advances,vol.6, p.eaaz3801. https://doi.org/10.1126/sciadv.aaz3801 .
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From our literature review, the extraction of species is identified as a pressure in almost all the
assessments reviewed and is described as the most prominent in the Black Sea, the
Mediterranean, the Baltic Sea, the Pacific and the Indian ocean.

Which human activities cause this pressure

Legal fishing

Fishing is globally an important source of food as well as an important economic

sector. Annual per capita consumption of fish is around 20kg on global average,
which accounts for around 17% of the consumed animal proteins with differences between
world regions33. Global landings of marine capture fisheries increased significantly between
1950 and 1990 but has somewhat stabilised since then around 80 million tons annually; in
contrast, inland captures have constantly grown from 1950 one but is only around 10 million
tons annually.34

Fishing is conducted in all seas and oceans worldwide. However, there are differences between
regions as shown in the Figure below which gives an overview of capture production per fishing
area. It shows that the fishing area for which the capture production is the highest, the Pacific
Northwest, fishing outputs have been relatively stable between the 2000s and now3°. The Arctic
and Antarctic Sea basins have even seen an increase of more than 100% of the production
capture between 2000 and now, i.e., it more than doubled3®. However, other sea basins have
experienced a significant reduction in fisheries pressure, such as the Pacific Southeast (-40%)
or the Pacific Southwest (-33%).

33 FAO (2021). FAO Y earbook. Fishery and Aquaculture Statistics 2 019/FAQ annuaire. Statistiques des péches et de
I'aquaculture 2019/FAQ anuario. Estadisticas de pesca y acuicultura2019. See:
https://www.fao.org/fishery/en/publications/287024

34 FAO (2020). The State of World Fisheries and Aquaculture 2020. Sustainability in action. See:
https://doi.org/10.4060/ca9229en

35 This change is shown as percentage andin the orange marks. *Now” is defined as the arithmetic average of the last
three years for which datais available,i.e. 2016 to 2018, to even outannual changes

36 See footnote 512
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Figure 2.3 Fishing areas and capture production®’
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Sustainability in action. See: https://doi.org/10.4060/ca9229en

It should be noted that in line with international agreements many fishing fleets operate globally
and that thus the distribution above thus does not represent the fishing done by fleets of
neighbouring countries to the respective fishing areas. The Figure below presents the fishing
done per country for the top 25 countries in terms of marine capture production, which together
account for 80% of global catches.

Figure 2.4 Marine capture production3®
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Those 25 countries and their marine captures in the latest year for which data is available
(2018) are shown in the map below.

37 The changesbetween the 200sand now are plotted against the secondary vertical axis (on the right). The 2000s value
is compared tothe arithmetic average of theyears 2016-2018 to even outannual changes.

38 The changesbetween the 200sand now are plotted against the secondary vertical axis (on the right). The 2000s value
is compared tothe arithmetic average of theyears 2016-2018 to even outannual changes. Not pictured is the change
for Mauretania for which the change was more than300%.
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Figure 2.5 Map of major producing countries and their capturesin 2018 (in million tons)

2018

|13

Source: Own illustration based on datain Table 2 in FAO (2020). The State of World Fis heries and Aquaculture 2020.
Sustainability in action. See: https://doi.org/10.4060/ca9229en

Globally, there are around 39 million fishers3® and several million more are employed in the
sector. It is estimated that small-scale fisheries employ more than 90% of the people involved
in capture fisheries; also, around 90% of the catches from small-scale fisheries are destined for
local human consumption, thus making a sizable contribution to food security and nutrition.
However, over the last 10 years or so there has been a growing globalisation trend in fishing,
which increases the vulnerability of small-scale fisheries to the depletion of some locally
important stocks.40

Illegal, unreported and unregulated (IUU) fishing

Illegal, unreported and unregulated (IUU) fishing is a broad term that captures a wide variety
of fishing and fishing related activities, such as fishing without a valid license, fishing in a
restricted area, or fishing in a way non-consistent with national laws or international
obligations#!. This exacerbates efforts of fishing at sustainable levels and thus can endanger
stocks and ecosystems.

While exact data on this is challenging to produce, it is estimated that in 2016, IUU fishing was
responsible for annual catches of up to 26 million tons*2; this would be more than 40% of legal
catches of the top 25 countries mentioned in the last section. No data is available on past trends
of IUU fishing, i.e., how it developed over the years and if numbers are decreasing thanks to

39 FAQ (2021). FAO Y earbook. Fishery and Aquaculture Statistics 2019/FAQO annuaire. Statistiques des péches et de
I'aquaculture 2019/FAO anuario. Estadisticas de pesca y acuicultura2019. See:
https://www.fao.org/fishery/en/publications/287024

“OUN (2021). Chapter15 Changes in capture fisheriesand harvesting of wild marine invertebrates. In: The Second
World OceanAssessment. See: https://www.un-ilibrary.org/content/books/9789216040062

“1 A comprehensive definitionof IUU fishing is provided in the FAO I nternational Plan of Action. Available at:
http://www.fao.org/3/Y3536E/y3536e04.htm

42 FAO (2016c). The FAO Agreement on Port State Measures (P SMA) to Prevent, Deter and Eliminate Illegal, U nreported
and Unregulated Fishing. See: www.fao.org/port-state-measures/en
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international and national measures being taken, such as the Agreementon Port State Measures
to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing (PSMA) which was
adopted by the FAO Conference in 2009 and entered into force in 201643,

Also, regarding current prevalence of IUU fishing across the globe only very limited data is
available. One data source is the “IUU Fishing Index”4* which rates countries globally, among
others, on prevalence of IUU fishing based on a wide range of indicators*>. Based on this data,
the map below presents the 25 worst rated countries globally in terms of prevalence of IUU
fishing.

Figure 2.6 Prevalence of IUU fishing in 2021 based on data from the IUU Fishing Index*“®

Prevalence score

419

Source: Own illustration based on data from the "IUU Fishing Index”.

Regarding higher prevalence of IUU fishing in small-scale fishing on the one hand and industrial
fishing on the other hand, very little information seems to exist. However, there seems to be
evidence that IUU fishing is more significant in industrial fishing than in small-scale fishing.4’

Death or injury of wild species by collision

What is the pressure about and where is it found

Death or injury of wild species by collision implies the impact between an object
17T present in the marine environment, both moving and stationary, with a marine
\‘y/\ species. Most of the scientific research so far focussed on the collision between

vessels and whales, in particular in the North Atlantic and North Pacific, especially

43 See herefor moreinformation: https://www.fao.org/port-state-measures/en/

44 See: https://www.iuufishingindex.net/

45 For the full methodology see here: https://www.iuufishingindex.net/methodology.pdf

46 A's all indicator frameworks, the results of this index should be treated with caution. A full disclaimer for the data can
be found on the following page: https://www.iuufishingindex.net/data-files

47 FAO (2008). Small-scale capture fisheries: A global overview with emphasis on developing countries. See:
http://pubs.iclam.net/resource centre/Big Numbers_Project Preliminary Report.pdf
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British Columbia. However, there is increasing evidence that this phenomenon affects more
species, and in fact a recent global study® informs that at least 75 other marine species are
affected by this phenomenon worldwide, including smaller whales, dolphins, porpoises,
dugongs, manatees, whale sharks, sharks, seals, sea otters, sea turtles, penguins, and fish.
Collisions with smaller species seem to be scarce, most likely because of reporting biases*®,
Besides the immediate direct consequences of the collision i.e. injury or death of the animal,
there might be more long-term consequences for individual animals. These are not well-
understood to date, but possible long-term consequences include long-term locomotive
impairments, for instance related to injuries to fins and flippers and possible reduced fitness of
the animal. For certain types of whales (e.g. North Pacific blue whales, humpback whales and
fin whales, as well as Canary Island sperm whales) comprehensive studies have shown that
ship strike rates may exceed population recruitment rates®%. The risk that collision takes place
varies and depends on factors such as the abundance and type of species, the season, site
characteristics and conditions. Evidence of collisions is scarce, and therefore a lot remains to
be revealed when it comes to the impacts and outcomes of these accidents®!.

Which human activities cause this pressure

Shipping

Shipping is the main causes of collision. Wild species might collide with vessels,

most commonly with their bow or propeller, and this causes physical trauma or
death of the animal. These events can cause serious damage to vessels, as well as people on
board when the animal is of large size. With the increase in the use of large commercial vessels,
collisions with wild species are becoming a growing concern globally °2.

Collision risk is higher in areas where high levels of marine traffic coincide with biodiversity
hotspots, as well as areas where vessel speed is high. With the receding of sea ice, it is also
likely that the Arctic will become a more common shipping and tourism route in the future, and
therefore this risk could extend to this area®3.

A global assessment of ship strikes is only available for collisions with whales, thanks to the
International Whaling Commission Ship Strike Database®*. Based on the data collected on that
database, ship strikes increased in the decade 2000-2009, but then decreased again in the past
decade.

48 Schoeman P. et al. (2020).A Global Review of V essel Collisions With M arine Animal.
See:https://www.frontiersin.org/articles/10.3389/fmars.2020.00292/full

49 Schoeman P. et al. (2020).A Global Review of V essel Collisions With M arine Animal.
See:https://www.frontiersin.org/articles/10.3389/fmars.2020.00292/full

50 Schoeman P. et al. (2020).A Global Review of V essel Collisions With M arine Animal.
See:https://www.frontiersin.org/articles/10.3389/fmars.2020.00292/full

5! United Nations (2021) World Ocean Assessment, V olume II. See:
https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files/201185 9-e-woa-ii-vol-ii.pdf

52 See: https://www.frontiersin.org/articles/10.3389/fmars.2020.00292/full
53 See footnote 51

54 Winker et al (2020) Global Numbers of Ship Strikes: An Assessmentof Collisions Between Vessels and C etaceans
UsingAvailable Data in the IWC Ship Strike D atabase. See:

https://www.researchgate.net/publication/342734400_ Global Numbers of Ship Strikes An_Assessment of Collisions
Between Vessels and Cetaceans Using Available Data in_the IWC Ship Strike Database Report to the Internati

onal Whaling Commission IWC68BSC HI
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2.3.1.4

Offshore activities

Wild species can also collide with offshore installations such as marine renewable energy
installations. For instance, fish might get caught into underwater turbines, or marine birds and
bats might collide with offshore wind farms. Wild species such as marine mammals might also
get entangled in mooring lines, cables and anchors and get injured or die as a consequence>>,
Offshore wind is projected to “play an important role in future energy systems”>®, Collision risk
with offshore installations is poorly monitored, therefore an overview at the global level is not
available. In fact, despite the potential for collisions, the frequency of occurrence of these
events and their consequences are largely unknown?>’,

Introduction of microbial pathogens

What is the pressure about and where is it found

Microbial pathogens are disease-producing agents or microorganisms®>8. They can
be both of human origin, or indigenous and autochthonous marine organism that
\‘y/\ can cause disease in humans. When these bacteria and virus are transmitted to

humans they can cause a wide variety of illnesses®?. Also, fish and shellfish can
suffer diseases because of the uptake of microbial pathogens. This issue is particularly
concerning for the aquaculture industry - as the density of species in cultivation areas offers
more opportunities for contact among animals, and therefore more opportunities for the
transfer of pathogens®°.

/1NN
|

Little is known about the many pathogens and absorption processes that occur with the myriad
of species and organisms found in natural marine ecosystems, as well as the concentration
levels of these pathogens worldwide. Also, no global database of outbreaks of ilinesses caused
by the spread of microbial pathogens exists. However, a survey of shellfish borne viral
outbreaks performed for the period 1980-2012 showed that the majority of the reported
outbreaks were located in East Asia, followed by Europe, Americas, Oceania and Africa®!.

Ocean warming is predicted to favour the spread of pathogens in the marine environment and
might therefore influence the prevalence of microbial infections. 62,

55 See footnote 51

56 TEA (2019) Offshore Wind Outlook 2019. See: https://www.iea.org/reports/offshore-wind-outlook-2019

57 Sparlinget al.(2020) . Collision Risk for Animals around Turbines. See:
https://tethys.pnnl.gov/sites/default/files/publications/O ES-Environmental-2020-State-of-the-Science-Ch-
3 final hr.pdf

8 Defoirdt T. (2013). Virulence mechanisms of bacterial aquaculture pathogens and antivirulence therapy for
aquaculture. See: https://onlinelibrary .wiley.com/doi/abs/10.1111/rag.12030

59 Gerba C.P. (2005) Survival of Viruses in the Marine Environment. See: https://link.springer.com/chapter/10.1007/0-
387-23709-7 6

60 | otz et al (2006) Aquaculture and Animal P athogens in the M arine Environment with Emphasis on M arine Shrimp
Viruses. See:

https://www.researchgate.net/publication/226742743 Aquaculture_and Animal Pathogens in_the Marine_Environme
nt_with Emphasis on_Marine_Shrimp Viruses

81 United Nations (2021) World Ocean Assessment, \V olume II. See:
https://www.un.org/reqularprocess/sites/www.un.org.regularprocess/files/2011859-e-woa-ii-vol-ii.pdf

62 United Nations (2021). World OceanAssessment, V olume II. See:
https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files/2011859-e-woa-ii-vol-ii.pdf
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The role of marine plastic as a “*means of transport” for microbial pathogens in the marine
environment is also currently being investigated as an emerging threat®3,%4. The potential of
macro and micro plastic to be a vector for microbial pathogens is currently understudied but
could pose a serious threat to both human and environment health, due to the capacity of these
materials to travel across oceans, as well as their ubiquity in the global marine environment.

Which human activities cause this pressure

Wastewater discharge

Sewage water can contain microbial pathogens e.g. because of the bacteria carried

into human faecal matter. When untreated sewage water (raw sewage) is
discharged into the marine environment, this can lead to the dispersion of microbial
pathogens®>. This can happen in areas that do not have well-functioning sewage systems; or
where the sewage system is unable to contain excess run-off in case of heavy rainfalls or
flooding, untreated wastewater can end up in the marine environment®®,

Globally, around 60% of people are connected to a sewer system. High-income countries usually
rely on centralised sewer systems, while developing countries mostly treat their wastewater
through decentralised or self-provided services. Around 44% of household wastewater is not
safely treated worldwide®’ (see map below for the geographical distribution), and over 80% of
wastewater is released into the environment without adequate treatment®8. Moreover, it
appears that incomplete disinfection of faecal waters, even in effluents from wastewater
treatment plants with tertiary treatment (the most advance form of treatment) is
“commonplace”®,

63 United Nations (2021) World Ocean Assessment, \V olume II. See:
https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files/2011859-e-woa-ii-vol-ii.pdf

54 Bowley (2021) Oceanic Hitchhikers — Assessing Pathogen Risks from Marine Microplastic. See:
https://www.researchgate.net/publication/343635803 Oceanic Hitchhikers -
Assessing Pathogen Risks from Marine Microplastic

55 United Nations (2021) World Ocean Assessment, \V olume II. See:
https://www.un.org/regularprocess/sites/www.un.org.regularprocess/files /2011 859-e-woa-ii-vol-ii.pdf

66 United Nations (2021) World Ocean Assessment, V olume II. See:
https://www.un.org/regularprocess/sites/www.un.org.reqgularprocess/files/2011859-e-woa-ii-vol-ii.pdf

7 United nations (2021) Summary Progress Update 2021: SDG 6 — water and sanitation for all. See:
https://www.unwater.org/app/uploads/2021/12/SDG-6-Summary-Progress-Update-2021 Version-July-2021a.pdf

68 WWA P (United Nations World WaterAssessment Programme) (2017) The U nited Nations Word Water D evelopment
Report2017. See: http://www.unesco.org/new/en/natural -sciences/environment/water/wwap/wwdr/201 7 -wastewater-
the-untapped-resource/

59 Beiras (2018) Chapter4 - Microbial Pollution. See:
https://www.sciencedirect.com/science/article/pii/B9780128137369000040?via%3Dihub
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Figure 2.7 Estimated proportions of household wastewater safely treated (2020)

Percentage of
safely treated
wastewater flows
from households

B 25% or less
26-50%
51-75%

Bl 76-90%

Bl >90%
Insufficient data

Bl Not applicable

Source: UN (2021)7°

Shipping

Microbial pathogens can be transferred by vessels via ballast water and hull fouling”!. They can
get onboard at ports, and then get discharged at other ports or in the high seas. Ports with high
connectivity to other ports, can be major hotspots for the transfer of these pathogens’2.While
no comprehensive monitoring of this phenomena is available, it is possible that the delivery
rate of micro-organisms associated with vessel biofouling might be growing together with the
increase in shipping.

Discharge of (micro)plastics

Macro and microplastics are emerging as a potential vector for microbial pathogens in the seas.
In particular, microplastics found in ballast water is considered as a potential vector for the
transfer of these pathogens across the globe73.

70 See: https://www.unwater.org/app/uploads/2021/09/SDG6_Indicator Report 631 Progress-on-Wastewater-
Treatment 2021 EN.pdf

7t Hull fouling refers to the way organisms can attach themselves tothe hull of a shipduring a voyage and transport
themselves long distances this way.

72 Costelloet al (2022) Assessing the potential for invasive s peciesintroductions and secondary spread using vessel
movements in maritime ports. See:
https://reader.elsevier.com/reader/sd/pii/S0025326X22001783?token=2461A0D8C95B51 5SED6BOFE7D619DF81A51660
D6082E41F922D9C84 FCAA9EC9549C7BE1F69967F172BAFF555F21 7C63B3&0originRegion=eu-west-

1 &originCreation=20220329152546

73 Naik etal (2019) Microplasticsin ballast water as an emerging source and vector for harmful chemicals, antibiotics,

metals, bacterial pathogens and HAB s pecies: A potential risk to the marine environmentand human health. See:
https://pubmed.ncbi.nlm.nih.gov/31470206/
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2.3.2

2.3.2.1

Physical pressures

Seabed abrasion

What is the pressure about and where is it found

Seabed abrasion refers to temporary or permanent changes to the seabed
7] substrate or morphology, and changes to habitat and species inhabiting it’4. When
\‘VI\ the changes are temporary and can be reverted if the activity causing the change
ceases, this is called “physical disturbance”. When the changes are permanent, this

leads to a “physical loss” of the seabed “benthic” habitat and species”’>.

Seabed abrasion can result from7® 77 78 the extraction of seafloor substrate and the production
of “extraction and dewatering plume”. It can also lead to the release of substances from
sediments: when seabed sediments are disturbed, organic contaminates, heavy metals and
other components can be released into the water column. These substances can be toxic, they
can release nutrients into water and increase turbidity of the water column. Notably, the
disturbance of the seafloor (e.g. because of trawling) has been estimated to cause the release
of 1 gigaton of CO2 every year’®.

When seabed abrasion takes place in the deep sea, this has more often “permanent” or long-
term impacts. This is because deep sea habitats and fauna are in general characterised by
slower growth and reproduction rate. Knowledge of deep-sea ecosystems and their response to
abrasion is still scarce to this day.

It is challenging to provide an overview of the geographical distribution of seabed abrasion, as
no databases on the state of the seabed are available. Some indications of where this pressure
is most prominent can however be deduced from the distribution of the activities that cause it.

Which human activities cause this pressure

Seabed mining

The demand for minerals has been growing steadily in the past century. It is
foreseen that this demand will continue to grow in the coming decades, in particular
as minerals will play a key role in the green transition. These metals are currently sourced from
land-based reserves, but this type of sourcing presents challenges. Because of this, and the

74 HELCOM State of the Baltic Sea. See: https://helcom.fi/baltic-sea-trends/holistic-assessments/state-of-the-baltic-sea-
2018/

75 1dem

76 Protecting the global ocean for biodiversity, food and climate
77 Ecorys (2014) Study to investigate state of knowledge of Deep-Sea Mining

78 Kaikkonen et al. (2018) Assessing the impacts of seabed mineral extractionin the deep seaand coastal marine
environments: Current methods and recommendations for environmental risk assessment. Available at:
https://www.researchgate.net/publication/327419232 Assessing the impacts of seabed mineral extraction in_the d
eep_sea_and _coastal _marine_environments_Current _methods _and recommendations for _environmental risk assess
ment

7% Salaetal. (2021) Protectingthe global ocean for biodiversity, foodand climate. See:
https://www.nature.com/articles/s41586-021-03371-
z.epdf?sharing_token=3uCHC BARvXR4R8PgWDCOdRgNOjAjWel9inR3ZoTvOMwiSp_dgdYRol 1ccDn9dgPW5D1xJuK8fpT
g4 KFNUwr3chDw]yG9I05W1aWFy5om4rirtP pwoPhh8lecRX4YI12D0OaZc 5Z-
0Jr9OWWYCQTIiQu TyleTEdjrY3ggi0qzIDG24Tb_x2igFGHkgV dsk0hZI3ZdBIC7 ovw49i6 WA QhA %3 D% 3D&tracking referre
r=time.com
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growing demand for metals, other avenues for their sourcing are being explored, including
seabed mining.

This includes both nearshore mining (between 0 and 200 miles from the coast), as well as
offshore mining (beyond 200 miles from the coast)8%. Deepwater seabed mining refers to mining
that takes place 200 meters below the ocean surface®!. Offshore mining can be undertaken
both within national jurisdiction and beyond. Nearshore mining is well established within the
Exclusive Economic Zones of many countries worldwide. For instance, sand and gravel mining
takes place in Western European countries, diamond mining in Namibia, tin mining in South-
East Asian countries, iron-sand mining in New Zealand®2. Commercial mining of the deep seabed
is not currently performed, but a number of exploration licenses were granted in the last years,
within national jurisdictions, and the first deep-water seabed test mining was carried out for
the first time in 2017, in Japan. Pacific Island States are also working on the development of
seabed mining legislation for areas within national jurisdiction®3. It is projected that most of the
deep water seabed mining activities will occur in areas beyond national jurisdiction 84,

Bottom trawling

Bottom trawling is the most widespread human activity affecting seabed habitats8>. One-quarter
of wild marine landings, around 19 million tons of fish per year, are caught through bottom
trawling worldwide®. The extent to which bottom trawling takes places, and its geographic
distribution, are often contested and poorly described - in particular at the global level. A study
on the footprint of bottom trawling®’, performed on 24 selected regions of Africa, the Americas,
Australasia, and Europe, showed that less than 10% of the analysed seabed areas were trawled
overall. However, the situation changes when looking at specific areas. In particular, trawling
takes place in around 10-30% of the analysed seabed areas in the Irish Sea, North Benguela
Current, South Benguela Current, Argentina, East Agulhas Current, and west of Scotland, and
between 30-81% of the analysed seabed areas were trawled in the northeast Atlantic and
Mediterranean.

European seas are the most frequently trawled, among the analysed regions. More than one -
half of the analysed seabed area in the Adriatic Sea is trawled at least once per year, on
average, and over one-quarter of the analysed seabed area is trawled with the same frequency
in five of the other eight European seas?88

80 Allsopp et al. (2013) Review of the Current State of Developmentand the Potential for E nvironmental I mpacts of
Seabed Mining Operations. See: https://www.greenpeace.to/greenpeace/wp-content/uploads/2013/07/seabed-mining-
tech-review-2013.pdf

81 United Nations (2021) World Ocean Assessment, V olume II. See:
https://www.un.org/reqularprocess/sites/www.un.org.reqgularprocess/files/2011859-e-woa-ii-vol-ii.pdf

82 1dem
83 1dem
8 Idem

85 Hiddink et al. (2017) Global analysis of depletion and recovery of s eabedbiota after bottomtrawling disturbance. See:
https://www.pnas.org/doi/epdf/10.1073/pnas.1618858114

8 Amoroso et al. (2018) Bottom trawl fishing footprints on the world's continental s helves. See:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6205437/

87 The study considered bottom trawling as alltowed gears making s ustained contact withthe seabed, includingbeam
and otter trawls and dredges. Footprints were defined as the area of seabedtrawled at least oncein a specified region
and time period, withareatrawled determined from geardimensions andtow locations. See:
https://www.pnas.org/content/115/43/E10275#sec-1

88 See footnote 85
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2.3.3

2.3.3.1

Pollution pressures

Introduction of underwater noise

What is the pressure about and where is it found

Different human activities can produce underwater noise, either intentionally or
unintentionally. Underwater noise produces a number of negative impacts on
\‘y/\ marine life. Given the growing focus on the ocean-based economy, which is

projected to double its contribution to global gross domestic product by 203089, it
is becoming more and more crucial to address this pressure.

P/ NN
|

Noise levels due to anthropogenic activities are variable across space and time. Two drivers of
this variability are the level of human activity present in the environment and acoustic
propagation characteristics in the region. Areas where the highest levels of anthropogenic noise
are found include for instance those where industrial use of the maritime space is heavy. This
is the case in the Gulf of Mexico, the North Sea and the North Atlantic Ocean. Other areas that
are likely to experience increasing levels of anthropogenic noise are the Arctic where the sea is
opening up to shipping, or Africa where investments and industries expand. Notably, a reduction
in overall levels of anthropogenic noise have been registered because of the slow-down of
shipping traffic brough by the COVID-19 pandemic®°.

From the literature review, underwater noise has been found to be a pressure listed only in a
few assessments and reports with a global geographical scope, and in only one of the regional
assessments (Baltic Sea).

Which human activities cause this pressure

Shipping (incl. tourism)

The most important source of sounds is marine vessels (e.g., merchant ships,

fishing vessels and recreational and cruise ships), which have the most significant
effect on noise. °! The level of noise generated depends on physical variables such as ship’s
dimensions and design such as of propellers, tonnage, draft, load and speed, as well as wind
and sea conditions®2. A study estimated that increased shipping has contributed to a 32-fold
increase in the low-frequency noise present along major shipping routes, in the past 50 years®3.
Coastal regions are the most affected, as vessel concentration increases noise considerably -
despite the fact that vessel noise does not propagate far in shallow waters. Notably, vessel
noise is also prominent in ocean regions that are far away from shipping lanes, because of the
long-range propagation of noise at low-frequency??, as well as the fact that noise travels much
greater distances in water than in air.

89 Ritts and Bakker (2021) Conservation acoustics: Animal sounds, audible natures, cheap nature, Geoforum, See:
https://www.science.org/doi/10.1126/science.aba4658

°® Thomsonand Carclay (2020) Real-time observations of the impact of COVID-19 onunderwater noise. See:
https://asa.scitation.org/doi/full/10.1121/10.0001271

°! Duarteetal (2021) The soundscape of the Anthropocene ocean. See:
https://www.science.org/doi/10.1126/science.aba4658

2 Richardson et al. (1995). Marine Mammals and Noise. San Diego: Academic Press. See:
https://doi.org/10.1016/B978-0-08-057303-8.50003-3.

93 See footnote 89
%4 See: https://www.science.org/doi/10.1126/science.aba4658
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2.3.3.2

Resource exploration and exploitation

Resource exploration and, exploitation can generate underwater noise through a number of
activities such as the oil and gas exploration and extraction (i.e. through the seismic surveys,
the drilling and production phases, the generation of energy on the platforms, installation of
pipelines etc.); renewable energy development and deployment (i.e. power-generating wind
turbines in deeper waters including the drilling for the turbine piles, as well as other forms of
ocean energy); coastal development and associated construction; shipyard and harbours
functions (i.e. construction and operations); seabed mining (i.e. exploration and extraction
phases); the use of sonar for mapping the ocean bottom and detecting and localizing various
objects in the water column (i.e. for military use or non-military use such as fishing activities
and marine research) 2°. These activities, undertaken at different levels (i.e. onshore, shoreline,
nearshore or offshore) produce a compound impact that is to this day poorly understood °6.

Introduction of substances leading to eutrophication

What is the pressure about and where is it found

During the 21%t century, the world’s oceans have seen a sharp increase in
anthropogenic inputs of nitrogen (N) and phosphorus (P) to coastal and marine

(( ] ]] . . o :
\‘y/\ ecosystems through river run-off and due to atmospheric deposition. This leads to
an increase in the rate of supply of organic matter to an ecosystem®’. It is proven
that anthropogenic nutrient inputs now exceed inputs owing to natural processes®8. Coastal
eutrophication caused by anthropogenic nutrient inputs is one of the greatest threats to the
health of coastal estuarine and marine ecosystems worldwide and it is estimated that globally,
24% of the anthropogenic N released in catchments is estimated to reach coastal ecosystems.®?

This change causes consequent ecosystem degradation in the coastal oceans worldwide and is
even considered today as the most widespread anthropogenic threat to the health of these
ecosystems100, Eutrophication is today a pressure found in almost all coastal ecosystems, as it
is shown in Figure below. The screening of sea basin reports showed that the “Introduction of
substances leading to eutrophication” is listed as a pressure in almost all sea basins, and as a
key pressure in the documents from Regional Sea Conventions of the Baltic Sea, the
Mediterranean, the Black Sea, the Northwest Pacific, the Caribbean Region, the Arctic Ocean.

9 Richardson et al. (1995). Marine Mammals and Noise. San Diego: Academic Press. See:
https://doi.org/10.1016/B978-0-08-057303-8.50003-3.

6 United Nations (2021) World Ocean Assessment, V olume II. See:
https://www.un.org/reqularprocess/sites/www.un.org.regularprocess/files/2011859-e-woa-ii-vol-ii.pdf

% Nixon,S. (1995). Coastal marine eutrophication: a definition, social causes, and future concerns.
See: https://www.tandfonline.com/doi/abs/10.1080/00785236.1995.10422044

98 UN (2021) World Ocean As sessment,VolumeII.

% Malone, C., et al. (2020). The Globalization of C ultural Eutrophicationin the Coastal Ocean: Causes and
Consequences. See: https://www.frontiersin.org/articles/10.3389/fmars.2020.00670/full

100 1dem
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Figure 2.8 Global distribution of eutrophic coastal marine ecosystems

Source: Breitburg and others (2018) in the World Ocean Assessment (United Nations, 2021)

It can be assumed that as the anthropogenic N production will continue to increase over the
course of the 215t century, the risk of coastal eutrophication will increase symmetrically in all
large marine ecosystems — more specifically along the coasts of Africa, South America, South
Asia and Oceanialt,

In addition, it is expected that the impact of this continued increase in N and P loadings will be
reinforced by the impact of climate change on marine ecosystems and ocean hydrographical
conditions such as the increase in sea temperatures, changes in rainfall patterns and changes
in the flux of atmospheric CO2 into the ocean. It is thus expected that the extent of coastal
hypoxia, acidification and toxic algal events will continue to increase as well102,

Which human activities cause this pressure

Agriculture

Agriculture is the main source of food of the global population. Fertilisers (artificial

or natural) are used globally in the majority of agriculture land in order to maintain
and increase the fertility of soils used for agriculture. Fertiliser use is especially high in intensive
farming in order to increase crop yields/ agricultural outputs. While fertiliser use can be
beneficial in increasing agricultural output, it is also one of the main sources of inputs of
substances leading to eutrophication through runoff from agricultural areas; through this,
agriculture is considered to be a major cause of eutrophication in many global regions .93 The
risk of fertilisers polluting water increases when there is a surplus in nutrient balances, i.e.
when the quantity of nutrient inputs entering an agricultural system is higher than the quantity
of nutrient outputs leaving the system; such a surplus seems to consistently occur in all

101 Y nited Nations. (2021) World Ocean Assessment, \V olume II.

102 Townhill, Bryony L., and others (2018). Harmful algal blooms and climate change: exploring future distribution
changes. ICES Journal of Marine Science,vol. 75, No. 6, pp. 1882-1893.

103 withers, P., et al. (2014). A griculture and E utrophication: Where Do We Go from Here? See:
https://www.mdpi.com/2071-1050/6/9/5853
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countries where data is available (OECD countries).1%4 Currently, the highest use of fertiliser19>
globally can be observed in a few global hotspots which include most parts of Europe, eastermn
parts of the USA, North India and Bangladesh, and eastern China.% 107 Mainly driven by a
growing population, but also growing global GDP, agricultural production is also projected to
increase in the future by around 1.4% annually (albeit that is a slowdown compared to the last
decade). This production growth is expected primarily take place in emerging economies and
low-income countries and to be driven by productivity-increasing investments in agricultural
infrastructure, including an increase in the use of fertiliser18,

Finfish aquaculture

Aquaculture provides important contributions for providing food security. However, finfish
aquaculture is also one of the main sources of anthropogenic nutrients in the oceans with a
growing trend of emissions which have increased worldwide by a factor of 6 between 1985 and
2005.19% Qver the past decades, world aquaculture product