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A B S T R A C T   

The ocean is under increasing pressure from climate change, biodiversity loss, and further degradation through 
human impacts, resulting in unpredictable, uneven and uncertain outcomes for society including varied risks for 
human health. This calls for a shift from policies with a local level perspective or narrow focus to ‘ocean policy’ 
that takes all the marine environments in their totality into consideration, requiring dynamic strategies and 
adaptive management. Oceans and Human Health (OHH) is emerging as one way to address such complex shifts 
in a holistic way. This requires new forms of collaboration, participation and joint-action by multiple stake-
holders across domains. OHH presents an opportunity for a new way of understanding interrelationships with the 
ocean, humanising environmental crises. Through a highly participatory process with expert and citizen stake-
holders, a meta-analysis of priorities and actions for sustainable ocean policy in Europe are presented. Causal 
processes that drive ocean and human health dynamics are highlighted and priority themes and actions from 
stakeholder discussions are presented that provide key insights for policy and decision-making processes. The 
participatory-based approach presented in this paper can provide the means to make these interdependent 
processes visible by offering insights to better understand the behaviour of complex systems, such as ocean health 
and public health. Understanding these dynamic interactions can help accelerate the progress of policy and 
management that is integrated and adaptive. Findings demonstrate the value for society in building capacity to 
better understand the current and future synergies and interlinkages between climate change, ocean health and 
human health and wellbeing.   

1. Introduction 

From coastal waters to open seas, there is no part of the ocean that 
remains unaffected by the growing and interconnected pressures from 
climate change, biodiversity loss, and further degradation caused by 
human activities [1–3]. These multi-level and diffuse marine issues are 
resulting in unpredictable, uneven and uncertain outcomes for society, 
including varied risks for human health. To add to the uncertainty and 
complexity of these multiple marine pressures, they are nested within 
different political, social, economic and environmental systems across 
multiple scales of time, space, location, involving a diversity of stake-
holders. The interactions between these different components determine 
the dynamics at play within and between systems [4,5]. This creates a 
‘wicked problem’ for marine policy, that is, a challenge that is not only 
complex and difficult to define, but dynamic, ambiguous, inter-
connected, and systemic [6,7]. 

A shift from small scale, local marine policies to an ‘ocean policy’, 
recognises the dynamic interplay of how these various issues play out at 
local and global scales, by taking marine environments in their totality 
into consideration [8]. The multiple interactions and dynamics at work 
at local and global scales present a challenge for marine policy and the 
implementation of policies seeking to achieve Good Environmental 
Status for marine environments e.g. Marine Strategy Framework 
Directive or to coordinate management approaches in such a fluid and 
dynamic space e.g. Marine Spatial Planning Directive. The ocean system 
as a whole is not managed as a system, rather it is managed in silos, 
where vested interests dominate, and this makes the system unsustain-
able and vulnerable to shocks [8–10]. Fixed policies are no longer fit for 
purpose. The need to understand multiple interactions and dynamics, 
not only complexity, requires participatory processes across systems and 
sectors to facilitate policies that are more adaptive and to support 
integrative and dynamic management [8,11,12]. Such processes require 
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greater attention to be given to issues of inclusion in governance and 
decision-making across ocean policy. The global COVID-19 pandemic 
starkly highlights the need for adaptive policies and a more dynamic 
form of governance that allows managers to respond rapidly to changes 
in space and time, in addition to the need for mutual cooperation and 
support (including education, research, and infrastructure related re-
sources and supports) on a global scale [12,13]. Dynamic governance 
systems, integrated with adaptive management in response to increasing 
and more rapid changes in the ocean, its use and users could “success-
fully allow managers to respond rapidly to changes on-the-water” 
[12:42]. Such an approach is essential for the protection of public health 
from the growing threat of unpredictable climatic and anthropogenic 
driven events from degraded marine ecosystems such as, for example, 
toxic harmful algal blooms (HABs), jellyfish outbreaks, fisheries 
collapse, and pathogens affecting humans and seafood products [14]. If 
we don’t respond to these dynamics there is a high possibility for an 
extremely disruptive event from the ocean, posing a serious threat to 
human health, community welfare and societal wellbeing [2,14,15]. 

1.1. Linking oceans and human health 

In the same way that there is growing recognition globally that 
climate change underpins all the social and environmental determinants 
of health [15], there is beginning to be some recognition that the same is 
true for the ocean. The ocean is the largest ecosystem on our planet, 
regulating the climate system, providing food, nutrition and energy, 
supporting the global economy and the health and wellbeing of all life 
on Earth. This was reinforced with the publication of the Intergovern-
mental Panel on Climate Change report in 2019 on Oceans and the 
Cryosphere in a Changing Climate [2], recognising the complex inter-
linkages and interdependencies between climate change, oceans and 
human health. Despite this, the link between oceans, climate change and 
human health issues is weak and only emerging [15]. This is partly 
because linking climate, oceans and human health is a ‘wicked problem.’ 
When it is addressed it is predominantly framed as a risk or threat to 
human security. A recent marine policy report by McMeel et al. [16] 
recommends potential opportunities to address this, including the 
development of a ‘health in all policies’ (HiAP) approach in marine and 
maritime policies and their implementation. The lack of integration of 
marine environmental and human health disciplines, sectors and pol-
icies, according to McMeel et al. [16:6], “leads to critical knowledge 
gaps that inhibit the potential for effective policies with co-beneficial 
outcomes for both marine environmental health and human health.” 
This is despite the evidence for the health risks and benefits that arise 
from human interactions with aquatic environments, including marine 
environments [17–19]. 

This paper argues that the emerging meta-discipline of Oceans and 
Human Health (OHH) could help reframe this wicked problem of linking 
climate, oceans and human health. OHH addresses the in-
terdependencies between the health of the marine environment, human 
activities and the human health risks and benefits, facilitating the 
emergence of sustainable ocean policy [8,20]. OHH is a subset of the 
broader field of Environment and Health, defined by the World Health 
Organisation (WHO) as comprising “those aspects of human health, 
including quality of life, that are determined by physical, chemical, 
biological, social, and psycho-social factors in the environment. Envi-
ronmental health issues transcend national boundaries, and thus are 
global concerns.” Linking health and environment, especially the marine 
environment, is increasingly recognised as an essential approach which 
builds on salutogenic principles in relation to a healthy integrated and 
managed physical and social environment [21]. Furthermore, as Blasiak 
et al. [8:76] argue, “the linkage between ocean health and public health 
underscores how urgently interdisciplinary cooperation is needed 
among researchers and decision-makers.” 

Recently, there have been a number of collaborative research ini-
tiatives in Europe that have sought to address this knowledge gap 

between the marine environment and human health and support 
mutually supportive policy objectives for a sustainable ocean and soci-
ety, such as the Strategic Research Agenda published in 2020 by the EU- 
H2020 SOPHIE project, which sets out integrated research priorities for 
OHH in Europe. This is one example of a growing body of evidence 
supporting the important and complex interrelationships between the 
ocean and human health. It highlights how OHH crosses disciplinary 
boundaries, bringing together marine scientific disciplines with the 
disciplines of public health, as well as social sciences, psychology, ge-
ography, economics, law, humanities, business, and the arts [21]. 
Furthermore, its scope includes many of the large and societal Sustain-
able Development Goals (SDGs) challenges of our time: ensuring food 
security and safety, reducing the global burden of disease and sustaining 
human wellbeing, in a context of declining functionality of ecosystems 
and climate change. 

A key feature of OHH is the emphasis on the engagement of diverse 
stakeholder groups in collaborative processes [22]. This is critical where 
there are clear political and economic shortfalls surrounding marine 
environmental issues. For example, a lack of meaningful stakeholder 
engagement and inclusive governance approaches to address multiple, 
complex, global-scale environmental issues, particularly the severe level 
of threat from both climate change and biodiversity loss [11,13,23,24]. 
Furthermore, failure to meet existing policy targets for the marine 
environment erodes trust, discourages participation and diminishes 
legitimacy of decisions. This is at a time when governance is increasingly 
linked to achieving SDGs. The SDG framework acknowledges the 
importance of an inclusive approach [24], requiring governance ap-
proaches with the involvement of multiple actors at multiple levels, 
especially bottom-up approaches when dealing with complex issues [6]. 

OHH can help reframe the prevalence of negative framings where 
human and marine environmental interactions are concerned by helping 
to humanise oceans and climate change through a health lens, allowing 
for a shift from abstract, global issues, to specific local needs [15]. 
Similarly, psychologist and economist Per Espen Stoknes recommends 
reframing climate change as a health issue [25]. Espen Stoknes argues 
that, “as humans we create meaning in our lives through stories” 
[25:132]. This requires the creation of opportunities for meaningful 
dialogue, discursive spaces, participatory processes and the inclusion, in 
particular, of citizen stakeholders in initiatives, which expand public 
perception and understanding of the interlinkages between the marine 
environment and human actions. Stakeholder groups such as the public 
or citizen stakeholders are informed and sufficiently literate to preside 
over decisions and actions for change, and can contribute to 
multi-directional flows of shared knowledge [22]. Moving beyond 
top-down consultations helps to challenge and transcend boundaries of 
what is ‘known’, leading to shared value constellations and co-created 
experiential solutions to facilitate not just behaviour change, but 
far-reaching systemic change [26]. Similar to Fauville et al. [27], this 
paper highlights a participatory approach whereby multiple stake-
holders navigate an inclusive path towards a sustainable future for 
ocean and human health. The paper discusses how this approach can 
help accelerate the progress of policy and management that is adaptive, 
integrated and dynamic. 

This research is conducted in the context of the SOPHIE Project, a 
2.5-year project, funded by the EU’s Horizon 2020 Framework Pro-
gramme for Research and Innovation. In the following section this paper 
presents the participatory research context and methodology, including 
data collection. The findings of the meta-analysis are then outlined, 
followed by a discussion on the key priorities and causal, dynamic 
processes driving OHH in Europe. Alongside this, several implications 
for policy arising from the participatory stakeholder engagement pro-
cess are outlined. 

2. Methodology 

This paper builds on the participatory methodological approach of 
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Fauville et al. [27], adapting the Collective Intelligence (CI) methodol-
ogy to identify stakeholder priorities, rather than barriers (For more, see 
[27]). Fig. 1 presents a comparison of the CI stages from Fauville et al. 
[27] and the CI stages adapted for this study. In addition to expert 
stakeholders this study also engaged with citizen stakeholders. A focus 
on stakeholder priorities for OHH, rather than barriers, emphasised a 
forward-thinking approach that could help facilitate a shared vision. 
This focus on stakeholder priorities, their vision, goals and future ori-
entations, also aligned with the overall goal of the SOPHIE Project, 
which was to develop a strategic research road map for the next decade 
of oceans and human health sciences across Europe. SOPHIE’s research 
roadmap sets the course for scientists to gather evidence and inform 
future policies to enhance and protect both human health and health of 
the oceans [28]. CI, also known as Interactive Management, is a meth-
odology engaging stakeholders around a given complex issue in order to 
develop a collective ground for consensus building leading to the pro-
duction of an effective framework for action [27]. In this study, the CI 
methodology first makes use of two online surveys and three different 
participatory workshops, and includes the participants being respon-
sible for presenting priorities or ideas, which they identify as of impor-
tance in relation to the trigger question: What, in your opinion, are the top 
priorities for protecting public health and the health of the marine environ-
ment for a sustainable future? The following section details the 
multi-stakeholder engagement process. 

2.1. Multiple stakeholder engagement process 

Prior to the workshops, eight hundred expert stakeholders, defined 
by their professional expertise in health, the marine and/or OHH, were 
invited to take part in an online survey. A total of 272 responses were 
received generating 673 individual priority statements for OHH in 
response to the trigger question. Next, the CI facilitation team, consist-
ing of five individuals with expertise in ocean science, human health and 
social science, began the categorisation process. Categorisation means 
that priorities with shared commonalities were grouped together into 
priority categories. In this process, referred to as paired comparison, 
priorities that were deemed similar to each other were grouped together. 
Once at least eight priorities were grouped together, the CI facilitation 
team labelled the category. In total, 26 categories were generated (Ap-
pendix A). Following this, 31 expert stakeholders from 12 European 
countries attended two one-day workshops. The authors facilitated the 
workshops with multiple stakeholders from different countries, sectors, 
backgrounds and perspectives using systems science and CI (see also 
[27]). The purpose of these workshops was to gain deeper insight into 
multi-stakeholder priorities for OHH, with stakeholders first invited to 
review the priority category headings and their respective priority 
statements. Following the review, any proposed amendments were 

discussed, and the re-naming of category headings and/or category 
statements were made when a group consensus was reached. Once 
categorisation was complete, stakeholders engaged in a voting process 
to identify their top priorities and explore how these priorities were 
interrelated, generating structural priority maps that highlighted path-
ways of influence between priority categories (Appendix B) [22]. 
Finally, participants were asked to generate a series of actions for top 
voted priority categories in response to a guiding question: “What are 
OHH actions/options/solutions for realising the priority category 
[category title]?” Participants then voted on the actions based on the 
following criteria: impact; feasibility; time frame; ‘champions’ for the 
action. This resulted in a total of five calls to action from the first 
workshop and four calls to action in the second workshop (Appendix C). 

Prior to the citizen stakeholder workshop, over 14,000 citizens from 
fourteen European countries identified their top priorities in response to 
the OHH trigger question as part of an online pan-European survey, 
generating over 14,000 priorities for OHH. A random sample of 700 
responses, 50 from each country, was selected for further analysis. Cit-
izen workshop participants were also invited to contribute their top 
three priorities, resulting in a total of 758 priority statements. These 
were organised into 23 priority categories (Appendix D). Fourteen Eu-
ropean citizen stakeholders were invited to attend the third workshop, 
following the same process, identifying their top priorities, exploring 
how these priorities were interrelated, generating structural priority 
maps that highlighted pathways of influence between priority categories 
(Appendix B), whilst also generating nine calls to action (Appendix C). 

3. Meta-analysis and results 

During a meta-analysis, each of the 49 priority categories from the 
structural priority maps, 26 priority categories from expert stakeholders 
(Appendix A) and 23 priority categories from citizen stakeholders (Ap-
pendix D), were organised into nine higher-order priority themes that 
are most influential for OHH in Europe: OHH Knowledge; Climate Action; 
Prevent / Eliminate Pollution; Sustainable Actions; Protect and Promote 
Health Risks and Benefits; Culture of Care; Governance; Protect Ocean 
Health; and, Invest in Blue Technologies. The choice of content-based 
names given to the higher-order themes were informed by evidence- 
based reasoning for their grouping (priorities having similar mean-
ings), according to OHH literature, policies and practices, as well as 
input from an advisory team consisting of marine and health experts. 
The multistage influence map of stakeholder priority themes was 
generated to show the significant influence across these nine higher- 
order priority themes (Fig. 2). 

The meta-analysis was based on a series of scores (position, ante-
cedent, succedent, activity, net SA and influence scores), which were 
computed for the priority categories (Table 1). The nine higher-order 

Expert Stakeholders Involved in: Expert and Citizen Stakeholders
Involved in:

1 • Barrier Genera

2 • Barrier Categ on

3 • Barrier

4 • to the Barriers

1 • Priority Generation

2 • Priority Categorisation

3 • Priority Structuration

4 • Generating Calls to Action

Collec Intelligence Stages
Adopted by Fauville et al (201X)
Collective Intelligence Stages

Adopted by Fauville et al. (2018)

Collective Intelligence Stages

Adapted for this study

Fig. 1. Comparison of collective intelligence stages.  
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priority theme scores, which contained the 49 priority categories were 
also computed. In addition, the 49 priority categories were ranked from 
highest to lowest influence score, depending on which theme they 
belonged to (Appendix E). 

A major outcome of the meta-analysis is the creation of the European 
multistage influence map of nine higher-order priority themes for OHH 
(Fig. 2). Influence in this study reflects both actual and potential influ-
ence, whereby each stage can have effect, impact or degree of influence 
on all of the other stages in the European multistage influence map for 
OHH. Greater influence does not mean one priority theme is more 
important than another, rather, that it has the potential to significantly 
impact processes and outcomes in subsequent stages. In the map, the 
themes are displayed as highest (Stage 1) to lowest influence (Stage 6). 
The nine higher-order priority themes resulted in six stages of influence, 
as values for six of the nine priority themes at the end of the process were 
grouped together by taking into account conventional rounding pa-
rameters and negative scores. OHH Knowledge (Avg. Inf. Score 7) and 
Climate Action (Avg. Inf. Score 6.66) were grouped together in Stage 1, 
taking into account conventional rounding parameters. The same 
method applied to Prevent and Eliminate Pollution (Avg. Inf. Score 5) 
and Empower and Promote Sustainable Actions (Avg. Inf. Score 4.5), 
which were grouped together in Stage 2. Themes with the lowest scores, 
Protect Ocean Health (Avg. Inf. Score − 0.5) and Invest in Blue tech-
nologies (Avg. Inf. Score − 2) were grouped together in Stage 6, as 
together they both have negative scores and the lowest levels of influ-
ence. A full description of each of the themes, along with examples of 
their priority categories, is presented in Table 2. The map should be read 
from Stage 1 to Stage 6, with priority themes to in Stage 1 having more 
significant influence, in comparison to the priority themes Stage 6. This 
means the OHH Knowledge and Climate Action themes (Stage 1) 

exercise the highest level of overall influence for protecting public 
health and the health of the marine environment for a sustainable 
future. The second highest level of overall influence adheres to the 
themes, Prevent and Eliminate Pollution and, Sustainable Actions. The 
stage 3 higher-order theme is Protect & Promote Public Health: Risks 
and Benefits, followed by A Culture of Care in Stage 4. In Stage 5, OHH 
Governance, influenced by all the preceding stages, exerts influence 
over Stage 6. The Stage 6 themes of Protect Ocean Health, and Invest-
ment in Blue Technologies, differ from the previous themes and stages, 
as they exercise the lowest level of influence for OHH in Europe, and are 
influenced by all the other themes. 

In the following section, the paper discusses how the findings can 
help inform and inspire new approaches to policy and decision-making 
arising from the participatory stakeholder engagement processes. 

4. Discussion 

The nine stakeholder priority themes (Table 2) that are most influ-
ential for the protection of public health and the health of the marine 
environment (Fig. 2), highlight the causal processes that drive marine 
policy dynamics in Europe, where the priority themes OHH Knowledge 
and Climate Action exert the greatest influence on all other priority 
themes. However, it would be a mistake to assume that these are the 
most important priorities. It is essential when reading the map to take 
into consideration the interrelationships and upstream and downstream 
effects between the stages. Outcomes for any one of the priority themes 
cannot be considered in isolation, as it will have knock-on consequences 
for outcomes elsewhere in the system. This becomes hugely relevant for 
accelerating sustainable ocean policy - moving away from the domi-
nance of reductionist, siloed approaches to a whole ocean systems 

Fig. 2. Multistage influence map of stakeholder priority themes for ‘protecting the marine environment and public health for a sustainable future’.  

Table 1 
Examples of scores calculated for three priority categories.  

Priority category Position Antecedent Succedent Activity Net SA Influence 

Food safety and supply  2  9  8  17 − 1  1 
Increase the knowledge-base on OHH  4  0  7  7 7  11 
Raise awareness  2  6  4  10 − 2  0 
Stakeholder engagement  6  14  17  31 3  9  
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approach, recognising the interdependencies and complex mix of threats 
and opportunities interacting within and across systems and at multiple 
scales of time, space and place [29]. The influence map shows the 
structural, behavioural, policy and stakeholder dynamics at work, 
reframing ocean policy and governance. 

OHH issues are found across scales, with some OHH issues more 
locally defined such as polluted bathing waters and others more global 
in scope such as ocean acidification or sea warming. Highlighting a 
dysfunctional system, these flaws show up when there is a crisis, such as 
the human disease risks from degraded environments as evidenced by 
the COVID-19 outbreak [30–32]. When dealing with the scale, scope and 
unpredictability of these dynamic global-local interactions we need to 
ask, whose voice can we hear and how are they being listened to? So far, 
regulating voices tend to dominate in response to marine crises, such as 
overfishing, climate change impacts, biodiversity loss, etc. However, the 
impact of these marine crises highlights that engaging with communities 
and understanding human behaviour are also essential [14,32,33]. A 

Table 2 
The nine themes with their average influence score. A description of the theme is 
provided along with a sample of some of the meta-categories that fell under each 
theme. Please note ‘e’ represents expert and ‘c’ represents citizens.  

Stage Priority Theme Description of Priority 
Theme 

Example of meta- 
categories 

1 OHH Knowledge 
(Avg. Inf. Score: 7) 

Improve knowledge 
and understanding of 
the relationship 
between ocean health 
and human health and 
invest in OHH research 
in order to make 
informed decisions. 

Invest in OHH 
Research – Invest in 
research to better 
understand the 
synergies between 
oceans and human 
health. (e) 
Increase the 
Knowledge-Base on 
Oceans and Human 
Health – Improve 
understanding of OHH 
in order to make 
informed decisions. (c) 

1 Climate Action 
(Avg. Inf. Score: 
6.66) 

Understand the 
interlinkages between 
climate change, ocean 
and human health, and 
take action on climate 
change to reduce the 
impacts on ocean and 
human health and 
enhance the resilience 
of coastal communities 
and regions for a 
sustainable future. 

Mitigating Climate 
Change – Understand 
the interlinkages 
between climate change, 
the marine environment 
and human health. (e) 
Reduce Global 
Warming – Recognise 
and reduce the impact 
of global warming on 
ocean and human 
health. (c) 

2 Prevent and 
Eliminate Pollution 
(Avg. Inf. Score: 5) 

Tackle pollution at 
source (land-based 
pollutants entering 
waterways, etc.) and 
pollution at sea, 
including but not 
limited to plastic, 
industrial, chemical and 
domestic pollutants. as 
a major threat to 
healthy oceans and 
human health 

Eliminate Plastic 
Pollution – Tackle all 
plastic waste as a major 
threat to healthy oceans 
and human health. (c) 
Prevent Pollution – 
Understand pollution 
pathways to and from 
the ocean environment 
in order to prevent 
marine pollution. (e) 

2 Empower and 
Promote 
Sustainable 
Actions (Avg. Inf. 
Score: 4.5) 

Empower and promote 
sustainable actions 
through collaborative 
and inclusive 
approaches to protect 
the marine 
environment and 
human health. 

Promote and 
Implement 
Sustainable and 
Environmental 
Practices – Empower 
sustainable actions to 
protect the marine 
environment and 
human health. (c) 
Stakeholder 
Engagement – 
Importance of 
collaboration and 
inclusive approaches 
that cross borders, 
sectors, disciplines. (e) 

3 Protect and 
Promote Public 
Health: Risks and 
Benefits (Avg. Inf. 
Score: 2.66) 

Recognise and promote 
the importance and 
interdependence of 
healthy oceans for 
public health and the 
risks posed to human 
health from degraded & 
polluted marine 
environments. 

Human Health and 
Wellbeing Benefits 
from Oceans – 
Understand the human 
health and wellbeing 
benefits from the marine 
environment. (e) 
Improve Water 
Quality for Public 
Health – Improve water 
quality, especially 
bathing water, and 
prevent the 
contamination of 
waterways and sea 
water in general. (c) 

4  

Table 2 (continued ) 

Stage Priority Theme Description of Priority 
Theme 

Example of meta- 
categories 

Create a Culture of 
Care (Avg. Inf. Score: 
1.57) 

Promote care and 
respect for the marine 
environment through 
raising awareness and 
education on the 
importance and value 
of healthy and clean 
oceans, seas and coasts 
for human health. 

Create a Culture of 
Care – Promote care 
and respect for the 
environment. (c) 
Access to and 
Experience of Blue 
Space – Realise health 
and wellbeing benefits 
from experiencing and 
engaging with blue 
space, seas and oceans. 
(e) 

5 OHH Governance 
(Avg. Inf. Score: 
0.33) 

Develop inclusive and 
transformative 
governance – and 
enforce effective and 
appropriate regulations 
to protect the ocean and 
ensure a sustainable 
future. 

Stronger Legislation 
and Regulation of 
Marine Industrial 
Activities –Enforce 
effective and 
appropriate controls 
and regulations to 
protect marine 
environments and 
human health from 
harmful industrial 
activities. (c) 
OHH Governance – 
Develop OHH 
governance – Good 
governance leads to 
improved policies and 
practices. (e) 

6 Protect Ocean 
Health (Avg. Inf. 
Score: − 0.5) 

Protect the functioning 
of all marine and 
coastal species, habitats 
and ecosystems from 
harmful human 
activities, now and for 
future generations. 

Protect the Ocean for 
a Better Future – 
Recognise the 
importance of a healthy 
marine environment for 
future generations.(c) 
Human Exploitation – 
Reduce human impacts 
and stressors on the 
marine environment.(e) 

6 Invest in Blue 
Technologies (Avg. 
Inf. Score: − 2) 

Invest in improving and 
protecting ocean and 
human health, 
especially the 
development of new 
and alternative 
technologies to advance 
the synergies between 
oceans and human 
health. 

Reframe the Blue 
Economy – Integrate 
the importance and 
value of social, cultural 
and environmental 
factors as well as 
economic. (e) 
Develop Technologies 
– Develop new 
technologies to improve 
the state of the marine 
environment and public 
health. (c)  
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sustainable ocean starts with reframing the problem collectively and 
deliberatively with multiple stakeholders. This requires democratic and 
highly participatory processes that facilitate the co-creation of a new 
and shared narrative. 

In this study, inviting multiple stakeholders to share their priorities 
for the health of the marine environment and protecting public health, 
allowed stakeholders to reflect on their values and what vision they hold 
for a sustainable future, helping to reframe the ocean as healthy and 
health enabling. The participatory context behind CI illustrates that 
working with a range of stakeholders across marine, public health, 
policy, civil society, etc. to debate how to protect the health of the 
marine environment and public health for a sustainable future, i) im-
proves understanding of the complex and dynamic interlinkages and 
interdependencies between the marine environment, human activities 
and the human health risks and benefits, ii) helps to reframe our rela-
tionship with the ocean, and iii) provides an opportunity to rethink our 
direction for a sustainable ocean. 

The findings highlight that a level of awareness and concern already 
exists among certain sections of society, particularly citizens, who 
expressed varied, diverse and often times in-depth knowledge and un-
derstanding about certain aspects of interconnectedness between human 
and marine systems. However, this can differ greatly across stakeholder 
groups. In the following sections, some of the priority themes are dis-
cussed in greater detail, drawing on individual responses from expert 
and citizen stakeholders to highlight the causal processes that drive 
dynamics across key ocean policy realms. The priority themes illustrate 
a plurality of narratives and how these create meaning and engagement 
for different groups of people. In particular, they highlight how the 
multistage influence map (Fig. 2) captures something of a new narrative 
for our relationship with the ocean, one that embraces complexity and 
non-linear, dynamic, interrelated systems. 

4.1. OHH knowledge – whose knowledge counts? 

Stakeholders emphasised the need to know more about the in-
teractions between the ocean and human health to provide meaningful 
input for policy and decision-making, as evidenced in the map (Fig. 2, 
stage 1). The lack of understanding of the complex synergies between 
ocean and human health is confirmed by the priority theme, OHH 
Knowledge. This is a critical priority theme to consider, as without 
knowledge it is difficult to make informed decisions or to see the ocean’s 
value for human health. Furthermore, individual stakeholder responses 
highlighted different types of ‘knowledge’ that need to be taken into 
consideration when shaping future policies and taking action (e.g. 
formal/ informal, research, awareness, education etc.). For example, 
one expert stakeholder stated the need to, “Share knowledge by making 
ocean stories more accessible to more people - We need greater access to 
diverse knowledges about oceans, research to be open access, and diverse 
story-tellers to describe their relationships.” Similarly, another stated the 
need to include traditional ecological knowledge, especially of small- 
scale fishing communities, “We need to focus on what we can learn from 
communities who are actually experiencing the consequences of the ocean’s 
collapse.” Another expert identified the need to learn from the ocean 
itself, highlighting the issue of a dependence on terrestrial framings of 
ocean-related issues. Responses from citizens tended to put greater 
emphasis on education and awareness raising across the life-course, in 
particular for children and young people. However, there was also sig-
nificant recognition of the need for further research and research in-
vestment, noting the large knowledge gaps in OHH. This supports a need 
for more inclusive and integrated knowledge processes, especially 
regarding the different language, jargon, terminology and viewpoints 
between different stakeholder groups [22]. 

Stakeholder discussions in the workshops revealed barriers and 
limits to realising OHH Knowledge, specifically, the recognition that 
although information and awareness is necessary it does not necessarily 
lead to behavioural change [34]. Furthermore, social, structural and 

institutional barriers to change create inequalities that can limit an in-
dividual or community’s ability to access information or to implement 
change [35]. As Eagle et al. argue, “behavioural change, or lack of it, 
may be driven by factors such as financial constraints” [34:22]. This has 
direct consequences for the priority theme Climate Action, where, “a 
further barrier may be a perception that changing one’s own behaviour 
will not make any difference in the face of the magnitude of potential 
climate change impacts” [34:22]. Information-based interventions are 
thus unlikely to lead to greater Sustainable Actions (Fig. 2, Stage 2). 
Citizens’ top voted actions reflect the need to combine knowledge ex-
change with more engaged, interactive and creative processes and ex-
periences, such as, science-based summer camps for families and kids in 
ocean/marine, river and lake ecosystems, and, integrating OHH across 
the school curriculum through film and other interactive media. 

4.2. Taking climate action 

Despite 2019 being declared the year of the “Climate Strike”, 
including the “March for Science”, taking action on climate change and 
related issues was not frequently raised by citizens in relation to OHH. 
Climate change (including reference to global warming, greenhouse gas, 
emissions, CO2) was only identified in 7 out of 14 countries as a top 
priority for OHH by citizens, and did not appear frequently in citizen 
priority statements. This perhaps reflects a lack of understanding of the 
interlinkages and interdependencies between climate change and OHH 
rather than a lack of awareness of climate change more generally, with 
one citizen commenting, “We urgently need to do something about CO2 and 
global warming with all its consequences. Nice that at least the students go out 
on the street, if no one else does!” The COVID-19 pandemic and subsequent 
global ‘lockdown’ highlighted new terminologies and concepts that are 
being created in order to try to make meaning in a rapidly changing 
world. In the face of this change, Icelandic author and activist Andri 
Snaer Magnason argues that people often struggle to talk about some of 
the most important issues of our time because global issues like ‘climate 
change’ and ‘ocean acidification’ are so huge that all meaning collapses. 
Some of the fundamental problems are how people conceptualise and 
understand global issues in their local context and how long it takes for 
new behaviours to sink in [36]. 

Closely related to this is the issue of how knowledge is communi-
cated and consumed, where the dominant discourse is one of global 
catastrophe and fear. Fear, Eagle et al. [34:29] argue, “is effective only 
when the related messages convey personal relevance and a sense of 
personal vulnerability.” In the case of the climate crisis, the difficulty of 
linking global trends to local impacts and lived experiences can reduce 
the immediacy and create uncertainty. Conversely, where the impacts 
seem too complex and extreme it can lead to disbelief that individual 
action can have any impact. This all has downstream consequences for 
Sustainable Actions and creating a Culture of Care. With a lack of un-
derstanding of how oceans and human health are interrelated, people 
may perceive their own risk of negative outcomes or personal vulnera-
bility and cost as lower than the wider population, and thus, are less 
likely to take action [34]. Conversely, for experts, the interlinkages 
between climate change, oceans and human health were a top priority 
area, cited 64 times. Overall, greater emphasis was placed by experts on 
understanding the effects of climate change on OHH, emphasising how 
poorly the interlinkages between climate, oceans and health are un-
derstood, reflecting similar calls for action in the 2019 IPCC report. 

Given the low number of citizen priorities identifying climate or 
climate related issues, it might highlight the need to better communicate 
the human and public health impacts related to climate change and 
oceans in the public domain [25]. The priority theme Climate Action’s 
high level of influence in the map (Fig. 2, Stage 1), presents an oppor-
tunity to better align actions for OHH with the Climate Action Move-
ment, especially the need to better understand and communicate the 
complex interrelationships between climate change, ocean and human 
health, and to bring the relevance of the ocean into climate action. That 
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said, citizens frequently advocated for more responsible and sustainable 
actions not only by individuals, but also various sectors of industry and 
society, such as encouraging initiatives locally to limit pollution or 
promote local and sustainable food options. 

4.3. Protecting and promoting human health 

Citizens expressed a keen interest in understanding OHH, yet were 
less aware of the health and wellbeing benefits to be realised from a 
healthy ocean than experts (see Fig. 2, Stage 3), although there was still 
the appreciation for feeling good / better by the sea, “Just being at the 
coast promotes health and wellbeing.” The need to know more about ini-
tiatives that could help promote human health was identified. The in-
fluence map shows that if there is greater knowledge and understanding 
of the benefits from a healthy ocean, and not only the risks, this can 
create a positive impact on sustainable ocean governance and protec-
tion. However, citizens are more likely to associate the ocean with 
hazards, risks and dangers – the dominant narrative in public discourse. 
This can disempower and fails to promote sustainable actions that in 
turn could help create a culture of care, especially as there is already a 
level of awareness among citizens, as we’ve seen with the Climate 
Strikes. 

That said, although some specific links to the human health risks 
were identified by citizens, with bathing water quality being of high 
priority, citizens’ understanding of other public health risks from the 
ocean, for example, HABs, was still very limited. Citizens as well as 
experts, identified the need to ‘Invest in OHH Research’ (Table 2), 
suggesting the importance of establishing stronger science communi-
cation mechanisms and citizen science opportunities, as emphasised by 
one citizen, “to protect public health we need to invest in different types of 
research and development of different types of health initiatives.” Further-
more, the influence map highlights that empowering and promoting 
Sustainable Actions (Fig. 2, Stage 2) and helping to create a Culture of 
Care (Fig. 2, Stage 4) that showcases the importance of OHH can greatly 
influence the recognition of the public health benefits and risks. Experts 
also advocated for the need to promote the human health benefits from a 
healthy marine environment not only through education but also by 
addressing access issues and opportunities for direct public engagement. 
Some experts discussed opportunities for medicines and a need to better 
understand the potential medicinal benefits from various marine or-
ganisms and compounds, an area that is not widely discussed in public 
domains. This could create a lack of transparency, limiting capacity for 
the sustainable development and production of marine bio-products, not 
to mention the contested appropriation of such resources with potential 
for ‘public good’ [10]. 

4.4. Creating a culture of care 

A Culture of Care was a frequently occurring theme in stakeholder 
priority statements, especially acknowledging the importance of future 
generations, “I want future generations to be able to go to the beach and 
swim in the sea without fear of pollution, disease and contamination.” Ex-
perts emphasised the need for fostering empathy by creating, “experi-
ences that connect people with the ocean in meaningful and culturally 
relevant ways (arts, emotions, senses, etc.)”, and that help, “promote the 
wonder and awe of marine and water system and the potential for 
human wellness.” Personal salience, empathy, and emotional connec-
tion with marine environments were advocated over messages of fear, 
reinforcing a culture of care. Underpinning this is a need for a certain 
level of (ocean) literacy in order to understand and engage with marine 
environmental issues. Furthermore, the COVID-19 outbreak represents 
an opportunity to bring the ocean literacy principle of the intercon-
nectedness between ocean and human health into mainstream culture. 
This will require mutual cooperation and support on a global scale that 
we have now seen is possible; exploring ways that these diverse per-
spectives recombine, accelerating awareness, literacy and action 

through innovation, experiences and communications, and above all, 
fostering a culture of care for our ocean. 

Citizens at the workshop also emphasised that, “awareness alone is no 
longer enough.” People’s perceptions and behaviours are based on lived 
experience and there is a need to marry knowledge with collective ac-
tion – to not only build self-efficacy, promoting and sharing examples of 
best practices, but to also provide low-cost solutions and support to 
realise them. Stakeholders prioritised examples of direct learning and 
trans-sectoral experience in their actions for OHH (Appendix C), which 
can help break down silos and bridge the gaps between research and 
practice to foster more meaningful collaborations. Stakeholders identi-
fied actions that combine science and arts, for example, a visual 
campaign – sharing images that transcend language and that say ‘Thank 
You’ to the ocean. Building capacity for science and arts collaborative 
initiatives to visualise and communicate OHH data / knowledge in more 
accessible and engaging ways for diverse audiences is worthy of 
consideration. This could help give new meaning and enhance and 
restore emotional connection with the ocean. Furthermore, policies that 
include these actions may engage stakeholders better and depending on 
the scale of the issue, these actions can be adapted to reflect the local 
context and people [37]. Meaningful engagement of multiple stake-
holders, especially local communities and citizens, in the protection and 
restoration of the ocean is a ripe place to be pioneering, and in the 
process, help to ‘build back better’ following the societal upheaval 
caused by the COVID-19 outbreak. 

Creating a Culture of Care indicates an interest and willingness to 
learn more and for greater collaboration, co-creation and engagement, 
in order to turn knowledge into action and empower sustainable be-
haviours. This is critical for fostering greater empathy, enabling coop-
eration and mutual support in the face of trade-offs and limited 
resources. Furthermore, stakeholder engagement must be meaningful. 
The participatory process discussed in this paper involved continuous 
engagement with stakeholders providing feedback on the outcomes of 
the workshops, involvement in follow-up discussions on OHH via 
webinars and direct input into summary reports. 

4.5. Governance issues and opportunities 

Experts placed much greater emphasis on governance and legislative 
related priorities and expressed greater knowledge of existing policies, 
etc. than citizens. This included specific issues related to, for example, 
unsustainable fishing and maritime activities. Alternatively, citizens 
placed much more emphasis on the need for greater accountability and 
transparency within industry, especially enforcing the ‘polluter pays’ 
principle, suggesting that citizens may perceive current legislation and 
regulations to protect the marine environment to be failing or poorly 
enforced, “Ban harmful human activities”, “The polluter should pay”, and 
another citizen added, “don’t just talk about it all the time!”. 

Lack of acknowledgement of diverse stakeholder perspectives can 
lead to mistrust in governance systems, diminishing the legitimacy of 
decisions and decision-makers [24]. The influence map (Fig. 2) high-
lights potential pathways to help build trust and restore legitimacy. Six 
of the priority themes directly influence Governance, including OHH 
Knowledge and a Culture of Care. This suggests that an informed and 
engaged public, as well as the research community, can influence 
decision-making and policy processes that shape governance and can 
better engage with public officials and other stakeholders (e.g. industry) 
to recommend and demand policies that help protect ocean health and 
human health. Indeed, “citizen awareness of benefits of oceans and 
health would support policy debates,” as well as improved knowledge 
and evidence to support the debate [38:12]. This is in-line with Van 
Tulder who advocates for the necessary involvement of multiple stake-
holders from all spheres of society, and, “policies, processes and dy-
namics that come with that, add an additional layer of complexity to the 
adequate implementation of sustainable development ambitions” 
[6:18]. Such complex issues could potentially be addressed through a 
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more integrated social change approach that incorporates collaborative 
consensus building models. This requires, “moving beyond short-term 
behavioural change campaigns, to strategic and pluralist consensus 
building about large-scale wicked problems” [37:216]. In order to be 
successful, any new governance mechanisms will need to consider the 
influence of these other higher-order priority themes (e.g. OHH 
knowledge, climate action, tackling pollution, sustainable actions, pro-
tecting and promoting health risks and benefits, creating a culture of 
care) for a sustainable future. 

Multiple stakeholder responses also reflected concern regarding the 
dominance of one sector of society (e.g. market-driven ‘Blue Growth’) 
over others and the related social and environmental impacts. This does 
not leave space for other ideologies of, understandings of and relation-
ships with the marine environment. While economics is undoubtedly 
important, coastal and marine environments are much more than nat-
ural capital and services. The metaphor of nature as a provider of ben-
efits to humans only partially accounts for the broad spectrum of human- 
nature relationships as illustrated in this study [39]. One way to over-
come this dominant agenda, suggested by expert stakeholders as a call to 
action was to, Reframe the EU policy priorities on ‘blue growth’ to 
include social, environmental and cultural aspects. Others advocated for 
a social justice approach in order to achieve balance between human 
actions, public health and the health of the marine environment 
requiring, “the involvement of multiple stakeholders and be inspired by 
the complexity of common pool problems, not simplified into either / or 
- public or private, profit or non-profit – solutions” [6:18]. To make 
sense of multiple interactions, complex dynamics of change and trans-
formative processes require highly participatory processes. Such pro-
cesses require greater attention be given to issues of inclusion in 
governance and decision-making for ocean policy. 

4.6. Protecting ocean health 

Protect Ocean Health (Fig. 2, Stage 6) is most influenced and 
impacted by the actions and outcomes in all the other priority themes. 
Protect Ocean Health was considered one of the more important prior-
ities with the need to protect the marine environment, habitats and 
species overwhelmingly identified as a top priority by all stakeholders. 
The word ‘protect’ was cited over 350 times by citizens, and in all 
countries, and over 150 times by experts. Even though there was less 
knowledge of specific habitats / ecosystems / species among citizens, 
findings from the survey suggest that citizens were more conscious of 
how behaviours are threatening the resilience and biodiversity of our 
oceans, perhaps suggesting a growing ocean literacy in Europe. 

Despite worldwide concern about the protection and health of the 
ocean, expert stakeholder discussions highlighted the issue that many 
formal institutions don’t exist or are weakly enforced for the marine 
environment, especially for developing countries, the ‘high seas’ or in-
ternational waters and deep ocean, leading to overexploitation from an, 
“absence of societal checks and balances and the lack of inclusive in-
stitutions” [6]. Many priority statements spoke to the need for a vision 
for a more balanced relationship between human activities and the 
ocean. The influence map helps to articulate this vision for how humans 
might better engage with marine environments in the future, a key step 
in identifying a range of policy actions that can deliver the goal of 
fostering health and wellbeing through establishing more sustainable 
interconnections with the ocean [18]. One way this is already happening 
is through citizen science initiatives (which also help create a ‘culture of 
care’), that engage people in the facilitation and implementation of 
measures aimed at enhancing benefits from interactions with the ocean, 
whilst minimising the risks [38]. Citizen initiatives are already wide-
spread when it comes to biological protection and conservation mea-
sures (e.g. marine litter, sea life identification) but are far less common 
with regard to OHH. Addressing this gap is a SOPHIE citizen science 
initiative in Europe where participants in ecotourism activities gather 
data on the links between marine ecotourism activities and mental 

wellbeing, as well as tourism operators helping to establish an early 
detection system for HABs [38]. What’s also telling from the influence 
map (Fig. 2) is that focusing resources in technological solutions will not 
have any impact without taking account of the other themes, and 
entirely dependent on how well we protect and restore the ocean. 
Furthermore, there is a danger that over-emphasis on technological fixes 
can act as a distraction from the social and institutional structural 
changes needed [12]. 

5. Conclusion 

The boundaries of marine-based issues are diffuse. This paper dis-
cussed how a participatory-based approach can provide the means to 
make these interconnected and interdependent processes visible by of-
fering insights to better understand the behaviour of complex systems, 
such as OHH. Furthermore, the meta-discipline of OHH presents an 
opportunity for a new way of understanding our relationship with the 
ocean that addresses complex challenges in a holistic way, humanising 
environmental crises. Outcomes are best seen as interactive and iterative 
processes with a multitude of stakeholders who are interrelated, not 
independent. The paper shows how the expert and citizen stakeholders 
considered the priorities to be interrelated, as well as actions to help 
realise these priorities. The outcomes of the participatory process pre-
sented in this paper provide a powerful example of how different 
knowledge and ways of understanding, and diverse perspectives, can 
come together. Findings highlight adaptive strategies at local and global 
scales that can support sustainable transitions. This, in turn, requires 
multi-level governance and new forms of policy integration, such as 
advocated by the HiAP approach. 

There is enormous need for new collaborations to help bring the 
ocean space into our culture. Developing best practice guidance on 
collaboration and knowledge sharing between multiple stakeholders is 
important. This participatory process illustrates the power of people’s 
values, how our relationship with the ocean is perceived, what it is 
multiple stakeholders prioritised for a sustainable future, and how that 
can influence outcomes for a healthy ocean and human health. Findings 
highlight a need to link knowledge with practice in a way that can 
support and promote sustainable actions and greater citizen engage-
ment. This presents opportunities for transdisciplinary research and new 
alliances and partnership building between multiple stakeholders and 
policy-makers across environmental, industry, community and public 
health sectors.The participatory research approach discussed in this 
paper can be applied to other global regions revealing the multiple 
system dynamics at work, helping to embed local issues within a global 
context. This would enable policy and decision-makers to respond more 
successfully, fluidly and rapidly to changes in the ocean across space and 
time [12]. This in turn, would lead to more rapid responses to potential 
threats to public health, as well as the promotion of the benefits from a 
healthy ocean system. 

As a result of this collaborative process of engagement, data has been 
gathered for the first time about the complex, dynamic and interrelated 
challenges for the emerging meta-discipline of OHH, making this work 
particularly unique and innovative. The paper provides key insights for 
shaping ocean policy in Europe and research mobilisation. When 
addressing the health of ocean systems, human activities, institutions 
and values cannot be separated from it. The human dimension is 
completely embedded within ocean systems. The multistage influence 
map (Fig. 2) highlights the need for multiple stakeholders, spanning 
beyond key decision and policy-makers, to see the “whole system” for 
Oceans and Human Health. The nine priority themes and their inter-
connected influence also demonstrates the value for society in building 
capacity to better understand the current and future synergies and 
interlinkages between climate change, ocean health and human health. 
The dynamics of multiple stakeholder priorities and actions can inform 
and guide future marine policy decisions, helping policymakers in 
Europe (and beyond) to navigate an inclusive path towards sustainable 
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oceans and societal wellbeing. 
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[16] O. McMeel, N. Tonné, J.-B. Calewaert, Human Health and EU Maritime Policy: 
Closing the Loop, H2020SOPHIE Project. Brussels, Belgium, 2019. DOI: 〈https://d 
oi.org/10.5281/zenodo.3663620〉. 

[17] E. Britton, G. Kindermann, C. Domegan, C. Carlin, Blue care: a systematic review of 
blue space interventions for health and wellbeing, Health Promot. Int. 35 (1) 
(2020) 50–69. 

[18] L.E. Fleming, B. Maycock, M.P. White, M.H. Depledge, Fostering human health 
through ocean sustainability in the 21st century, People Nat. 1 (3) (2019) 276–283, 
https://doi.org/10.1002/pan3.10038. 

[19] M. Gascon, W. Zijlema, C. Vert, M.P. White, M.J. Nieuwenhuijsen, Outdoor blue 
spaces, human health and well-being: a systematic review of quantitative studies, 
Int. J. Hyg. Environ. Health 220 (8) (2017) 1207–1221. 

[20] P.A. Sandifer, A.E. Sutton-Grier, Connecting stressors, ocean ecosystem services, 
and human health, Nat. Resour. Forum 38 (3) (2014) 157–167, https://doi.org/ 
10.1111/1477-8947.12047. 

[21] L. Fleming, M. Depledge, N. McDonough, M. White, S. Pahl, M. Austen, A. Goksoyr, 
H. Solo-Gabriele, J. Stegeman, The oceans and human health, Oxf. Res. Encycl. 
Environ. Sci. (2015), https://doi.org/10.1093/acrefore/9780199389414.013.12. 

[22] E. Britton, P. McHugh, C. Domegan, Our Oceans & Human Health Citizen 
Conversations Summary Report, EU SOPHIE Project, Whitaker Institute, NUI 
Galway, Ireland, 2019. Accessed online at: 〈https://sophie2020.eu/wp/wp-content 
/uploads/2020/01/SOPHIE-citizens-conversations-report.pdf〉. 

[23] A. Schlüter, K. Van Assche, A. Hornidge, N. Văidianu, Land-sea interactions and 
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