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Preface 

The job of a doctoral researcher is to deliver the science that advances society beyond the 

most pressing challenges. The Flanders Marine Institute (VLIZ) in Ostend, Belgium, has 

more than 20 years of experience with scoping the marine research landscape in order to 

provide support for marine data management, expeditions at sea, spreading ocean literacy, 

and ensuring innovative valorizations. It is strategically housed amongst the Secretariat of 

the European Marine Board, the UNESCO Intergovernmental Oceanographic Commission 

project office for International Oceanographic Data and Information Exchange (IOC IODE), 

the European marine observation and data network (EMODnet), and the local policy organ 

Het Streekhuis Kust of the Province West-Flanders. Given its history and location, VLIZ 

had developed a perspective that enables to solve challenges at interfaces of the public-

policy-science-industry quadruple helix. Because of its unique positioning, it recognized 

that the most pressing challenges about the relationship between the ocean and human’s 

activities were not being investigated sufficiently. Therefore, VLIZ started a Research 

Department in 2017. Quickly after, it put Ocean and Human Health research on the agenda, 

which would eventually form one of the three core umbrella divisions anno 2024, next to 

investigating climate change and marine observations.  

This doctorate and one other were enrolled on the topic ‘The Ocean and Human Health’ 

under supervision of the division’s leader dr. ir. Gert Everaert. For this doctoral research, 

three additional supervisors from Ghent University (UGent) provided the required scientific 

and strategic insights. Prof. dr. Stefaan De Henauw of the Department of Public Health and 

Primary Care ensured that the research was clinically relevant and applicable. Prof. dr. 

Henk Roose from the Department of Sociology guaranteed that the research was put in 

perspective of social drivers of behavior and interpersonal differences. Dr. Nathalie Michels 

from the Department of Developmental, Personality and Social Psychology contributed by 

translating her expertise on the effects of green nature on different psycho-physiological 

biomarkers of stress to the setting of the coast. The supervisors from UGent nicely 

complemented the background of dr. ir. Gert Everaert in ecotoxicology and bio-engineering. 

As such, the interdisciplinary interaction between VLIZ and UGent was secure, mutually 

beneficial, respectful, and fruitful. Due to the innovative nature of the work presented in this 

dissertation, additional expertise was drawn in of prof. dr. Robert Malina and dr. Ilias Mokas 

of the Centre for Environmental Sciences (University of Hasselt), who shared their raw 

ideas from an environmental economics perspective. Also, prof. dr. Marie-Anne 

Vanderhasselt and dr. Jens Allaert from the Ghent Experimental Psychiatry Lab critically 

examined some of our study designs and choices (of Chapter IV and Chapter III, 

respectively). Internationally, prof. dr. Mathew White of the Cognitive Science Hub 

(University of Vienna) and dr. Lewis Elliott of the European Centre for Environment and 

Human health (University of Exeter) contributed by this work by helping to frame it within 

the international research landscape.  
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As the doctoral researcher, my challenge was to execute the research while weighing 

everyone’s input with my own perspectives on the case. At onset, I only had the raw and 

inexperienced conceptions that I inherited from my master of biology in global change 

ecology. Throughout the PhD, my colleagues, friends, and other non-experts have 

repeatedly asked me how my background fitted in the topic. Although this was not 

immediately clear to myself in the beginning as well, later, I realized that my background 

was perfect for placing the insights from psychological and social sciences in an 

environmental and evolutionary perspective. In any case, I hope I made the most adequate 

decisions on every nexus throughout the doctoral research. 

What at the beginning seemed to be a complex web of interactions between different 

exposures, mechanisms, and outcomes quickly distilled in four sequential focal points. 

First, actual evidence was needed that the coast provides benefits for health. Second, 

insights were needed about the extent to which different elements of the environment 

influences the health outcomes. Third, the range of outcomes had to be inspected to obtain 

evidence that was as objective and adequate as possible. Fourth, the social patterns of 

distinction had to be surfaced to lay the foundations for individual-specific interpretations 

when all results were put together. With these four focal points, the idea was to lay the 

basis for future in-depth analyses. In a way, this dissertation can be considered as the first 

coherent exploration of the most critical phenomena in the relationship between exposure 

to the coast and human health. I hope that this dissertation may aid and accelerate future 

research about the ocean and human health. 

My personal ambition for pursuing this doctorate is multifold. My kin know me as a kind 

son, brother, husband, and father with a deep and true love for the beauty, harshness, and 

causality in nature. A lot of my motivation comes from several positive and negative events 

in my personal life. Almost unconsciously, these life-events have made me want to provide 

my family with the necessary stability and to be an example for my peers and the next 

generation. That motivation was further strengthened by my ever-growing enthusiasm for 

the power of science and technology, ecology, evolution, biodiversity, and ecosystem 

services. Apparently, my personal background and professional interest resulted in a 

mindset characterized by a drive to always keep learning, an appreciation of human error, 

and a hope for a better future. As a result, I developed a commitment to become an 

independent researcher who feels at home in all the disciplines that are needed to 

investigate the issue. Let this dissertation represent the result of my motivation, mindset, 

and the support from everyone involved. 
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Summary 

Humans’ intense use of the worlds’ resources has led to a pressing need for innovative 

solutions that foster more sustainable interactions with the environment, particularly with 

regard to coastal tourism (Chapter I). In this context, research on ‘Ocean and Human 

Health’ means to increase the evidence and understanding about the effects of exposure 

to the coast on human health (H2020 SOPHIE Consortium, 2020). The framework of White 

et al. (2020) maps how exposure to the coast (i.e., proximity to the coast, intentional, 

incidental, and indirect) influences health via restorative (e.g., stress-reduction), instorative 

(e.g., promotion of physical activity and social interactions), and mitigative (e.g., less air 

pollution) pathways, and how situational and individual factors may impact these pathways 

(White et al., 2020). Although many narratives and isolated studies about these pathways 

have pointed to the potential benefits of the coast for human health, there is still a major 

knowledge void about the actual effects of exposure to the coast on humans’ psychological 

and physiological states and the social structuring of these effects. 

This doctoral research aimed to increase the evidence and our understanding about the 

effects of the coast on human health in Belgium. Four empirical studies and a data 

descriptor were completed to achieve this. First, an epidemiological study used data from 

the Belgian Health Interview Survey (N = 60,939, 1997-2013) to find that Belgian citizens 

living at less than 5 kilometers of the coast report a better general health than populations 

living more inland (Chapter II; Hooyberg et al., 2020). These analyses also revealed that 

none of the four hypothesized mechanisms (i.e., mental health, physical activity, social 

interactions, and air pollution) are responsible for this relationship, potentially because the 

visit frequency was not considered. Second, a picture-rating study was performed with 

students (N = 102, 18-30y, 83% female), which highlighted that the ‘naturalness’ of a 

coastal environment determines its potential to reduce stress and restore attention deficits 

(Chapter III; Hooyberg, Michels, et al., 2022). Third, a virtual reality experiment on 164 

participants (18-65y, 68% female) demonstrated that beaches caused lower breathing 

rates than urban environments and lower sympathetic arousal than green environments 

(Chapter IV; Hooyberg, Michels, et al., 2023). This study also showed that participants who 

had a moderate stress in the past week would be able to reduce perceived stress and 

negative mood better from exposure to beaches than to green or urban environments. Next, 

an online survey gathered data about the frequency and characteristics of the visits to the 

Belgian coast in 2022 (e.g., season of visiting, activities performed, social company, gained 

experiences) and diverse geo-demographic, socio-economic, health traits of a 

representative sample of the Flemish population (N = 1939; Chapter V; data at 

https://doi.org/https://doi.org/10.14284/625; Hooyberg, Roose, et al., 2023). The descriptor 

of the openly available data explains its content and quality and how it allows to investigate 

the social structuring of coastal visits and matters of coastal epidemiology and accessibility, 

health and psycho-physical experiences, social relations, and issues of time, season, and 

weather. Last, an analysis was done on the respondents to the survey who reported to 

https://doi.org/https:/doi.org/10.14284/625
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have visited the coast in the previous year (N = 1302; Chapter VI). By analyzing their 

coastal leisure activities and social company at the coast, four dimensions were revealed 

that structured the variation: a dimension of engagement vs. disengagement, a dimension 

of nature-based vs. urban-based activities, a dimension of activities with family vs. with 

friends, a club, or alone, and a dimension of a social vs. exploring purpose. Five clusters 

of individuals who had a relatively similar coastal visit profile were also identified : 

‘generalists’ who have a relatively larger share of middle-aged, higher educated adults with 

partners and kids; ‘engagers in nature’ who seem to have the coast embedded in their 

lifestyle and mainly do activities in natural environments at the coast; ‘engagers in the city’ 

who are typically young (18-29y) or old (>=65y), physically active, higher educated, and 

frequent visitors of the coast that do not visit the coast with family; ‘disengagers in nature’ 

who are more likely to be young, socially isolated individuals who explore nature at the 

coast alone; and ‘disengagers in the city’ who are more likely to be retired (>= 65y) off-

season visitors that most often eat out and dwell in the coastal cities with a partner. 

The results presented in this dissertation increased the body of evidence and our 

understanding about the effects of coastal environments on human health by providing 

evidence for the conceptualized pathways in the framework of White et al. (2020). More 

specifically, it expanded the geographical scope of evidence, described the spatial variation 

in psychological restorativeness at the coast, revealed the psychophysiological effects of 

beaches, and charted the social structuring of coastal visits and experiences (Chapter VII). 

However, the knowledge gap remains large. Future research can focus on how different 

doses of the coast (e.g., different frequencies, durations, and activities) impact different 

health outcomes, and how the coast may help to strengthen people’s bio-psycho-social 

resilience. Future research should investigate how the effects of the coast can be 

implemented in health care to combat poor mental health (e.g., via ‘blue social prescribing’), 

what the economy gains from the effects of the coast on health, and how ocean literacy 

can nurture a culture of care for a more sustainable coastal tourism. The future of the 

research topic can draw inspiration from ‘the specific approach to health’ to set the topic’s 

boundaries, to update the framework of White et al. (2020), and to communicate clearly 

and unambiguously about the topic and the underlying motivation to its various 

stakeholders. All in all, the research within this dissertation demonstrated the existence of 

important psychological, physiological, and social phenomena at the Belgian coast. 
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Summary in Dutch (Samenvatting) 

De grondstoffen van de Aarde worden intensief gebruikt door de mens. Dit heeft geleid tot 

een hoge nood aan innovatieve oplossingen die een duurzamere interactie met onze 

omgeving mogelijk maken, vooral met betrekking tot kusttoerisme (Chapter I). Met deze 

nood in het achterhoofd wil het onderzoek naar ‘de gezondheid van de mens en oceaan’ 

beter begrijpen hoe blootstelling aan de kust de menselijke gezondheid beïnvloedt (H2020 

SOPHIE Consortium, 2020). Er is een conceptueel kader van White et al. (2020) biedt 

houvast over hoe verschillende soorten blootstelling aan de kust (bv. wonen nabij de kust 

of door opzettelijk, incidenteel, en indirect contact) de gezondheid van mensen kunnen 

beïnvloeden via mechanismen van herstellende aard (bv. bevordering van herstel na 

stress), bevorderende aard (bv. aanzetten tot fysieke activiteit en sociaal contact), en 

beschermende aard (bv. minder luchtvervuiling), en hoe bepaalde situaties of individuele 

eigenschappen deze mechanismen verder kunnen beïnvloeden. Hoewel er veel verhalen 

en individuele studies zijn die het potentieel van de kust voor de menselijke gezondheid 

aantonen, bestaat er nog steeds weinig evidentie en duidelijkheid over de effecten van 

blootstelling aan de kust op de psychologische en fysiologische gezondheidsstatus en de 

sociale structurering van deze effecten.  

Dit doctoraatsonderzoek doelde op bewijs verzamelen over de effecten van de kust op de 

menselijke gezondheid in België en de interacties tussen blootstelling aan de kust en 

gezondheid beter begrijpen. Om dit te bereiken, werden vier empirische onderzoeken 

voltooid en werd een dataset openlijk beschikbaar gemaakt en beschreven. Een eerste 

epidemiologisch onderzoek analyseerde de gegevens uit de Belgische 

Gezondheidsenquête (N = 60.939, 1997-2013). Zo kon het vaststellen dat Belgen die op 

minder dan 5 kilometer van de kust wonen een betere algemene gezondheid aangeven 

dan Belgen die meer landinwaarts wonen (Chapter II; Hooyberg et al., 2020). Uit deze 

analyses bleek ook dat geen van de vier veronderstelde mechanismen, namelijk een 

verlaagde hoeveelheid mentale stress, fysieke activiteit, en sociale interacties en minder 

luchtvervuiling, het effect op de zelf-gerapporteerde algemene gezondheid kon verklaren. 

Dit is te verklaren door dat er geen rekening gehouden werd met de verschillende 

frequentie waarbij mensen die op verschillende afstanden wonen van de kust de kust 

bezoeken. In een tweede studie beoordeelden studenten (N = 102, 18-30 jaar, 83% 

vrouwen) verschillende omgevingen aan de kust via foto’s. Hieruit bleek dat de 

natuurlijkheid van een kustomgeving de mate van stress- en aandacht-herstel bepaalt 

(Chapter III; Hooyberg, Michels, et al., 2022). De derde studie was een virtual reality 

experiment met vragenlijsten en fysiologische metingen op 164 deelnemers (18-65 jaar, 

68% vrouwen; Hoofdstuk III). Deze studie toonde aan dat stranden een lagere 

ademhalingssnelheid veroorzaken dan stedelijke omgevingen en een lagere sympathische 

activiteit veroorzaken dan groene omgevingen (Chapter IV; Hooyberg, Michels, et al., 

2023). Uit dit onderzoek bleek ook dat deelnemers die de afgelopen week matige stress 

hadden hun gevoel van stress en negatief gemoed beter kunnen verlagen door blootstelling 
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aan stranden dan aan groene of stedelijke omgevingen. Vervolgens verzamelde een 

online-enquête gegevens over de frequentie en kenmerken van de bezoeken aan de 

Belgische kust in 2022 (bv. seizoen van bezoek, uitgevoerde activiteiten, sociaal 

gezelschap, opgedane ervaringen) en diverse geo-demografische, sociaaleconomische, 

en gezondheidskenmerken van een representatieve steekproef van de Vlaamse bevolking 

(N = 1939; Chapter V; data beschikbaar via https://doi.org/https://doi.org/10.14284/625; 

Hooyberg, Roose, et al., 2023). De inhoud en kwaliteit van de data werden uiteengezet. 

De gegevens kunnen gebruikt worden om de sociale structurering van kustbezoeken te 

onderzoeken, alsook relaties met betrekking tot kustepidemiologie en toegankelijkheid, 

gezondheid en psychofysische ervaringen, sociale relaties en tijd, de seizoenen en het 

weer. Tenslotte werden de antwoorden nader geanalyseerd van de respondenten die 

aangaven het afgelopen jaar de kust te hebben bezocht (N = 1302; Chapter VI). De variatie 

in hun vrijetijdsactiviteiten aan de kust en hun sociale gezelschap bleken gestructureerd te 

kunnen worden door middel van vier dimensies: een dimensie die activiteiten structureert 

op basis van hoe vaak ze gedaan worden, een dimensie die activiteiten in de natuurlijke 

versus in stedelijke omgevingen onderscheidt, een dimensie die activiteiten met familie 

versus met vrienden, een club, of alleen onderscheidt, en een dimensie die kustbezoeken 

met een sociaal versus verkennend doel onderscheidt. Er werden ook vijf clusters van 

individuen geïdentificeerd met een vergelijkbaar kustbezoekersprofiel: ‘generalisten’ met 

een relatief groter aandeel hoger opgeleide volwassenen van middelbare leeftijd met 

partners en kinderen; ‘frequente natuurbezoekers’ die de kust in hun levensstijl lijken te 

hebben verankerd en vooral activiteiten ondernemen in natuurlijke omgevingen aan de 

kust; ‘frequente stadsbezoekers’ die doorgaans jong (18-29 jaar) of oud (>=65 jaar), fysiek 

actief, hoger opgeleid en frequente bezoekers van de kust die de kust niet met familie 

bezoeken; ‘occasionele natuurbezoekers’, die eerder jonge, sociaal geïsoleerde individuen 

zijn die alleen de natuur aan de kust verkennen; en ‘occasionele stadsbezoekers’, die 

typisch gepensioneerd zijn (>= 65 jaar) en de kust buiten het seizoen bezoeken om de stad 

te verkennen of om uit te gaan eten met een partner. 

De resultaten van het onderzoek in dit proefschrift hebben bijgedragen tot de internationale 

wetenschappelijke literatuur door de geografische reikwijdte van de evidentie naar België 

uit te breiden, de ruimtelijke variatie in psychologisch herstelvermogen aan de kust te 

beschrijven, de psychofysiologische effecten van stranden aan te tonen, en de sociale 

structurering van de kust in kaart te brengen (Chapter VII). Op die manier heeft het 

bijkomende bewijzen en inzichten geleverd over de effecten van de kust op menselijkheid 

gezondheid in het conceptueel kader van White et al. (2020). Echter, het kennishiaat blijft 

groot. Toekomstig onderzoek moet zich vooral richten op de manier waarop verschillende 

doses van blootstelling aan de kust (bv. verschillende frequenties, duurtijd, activiteiten) 

verschillende aspecten van gezondheid beïnvloeden, en hoe de kust kan helpen de bio-

psycho-sociale veerkracht te versterken. Toekomstig onderzoek kan nader onderzoeken 

hoe de effecten van de kust kunnen worden geïmplementeerd in de gezondheidszorg om 

mentale problemen te helpen bestrijden (bv. via de kust op voorschrift), wat de 

economische gevolgen zijn van de effecten van de kust op gezondheid, en hoe 

oceaangeletterdheid een cultuur kan creëren voor het kusttoerisme waarbij zowel 

https://doi.org/https:/doi.org/10.14284/625
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zorggedragen wordt voor de mens als voor de oceaan. De toekomst van het onderzoek 

kan inspiratie putten uit ‘de specifieke benadering van gezondheid’ (geconceptualiseerd in 

Chapter I.2) om het onderzoeksonderwerp duidelijk af te bakenen, om het kader van White 

et al. (2020) te herzien, en om duidelijk en ondubbelzinnig te communiceren over het 

onderwerp en de onderliggende motivatie naar de verschillende stakeholders. 

Concluderend kunnen we stellen dat het onderzoek in dit proefschrift belangrijke 

psychologische, fysiologische, en sociale fenomenen heeft aangetoond. 
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Chapter I 

1. Rationale 

The scientific literature suggests that spending time near the ocean can provide meaningful 

benefits for human health and that understanding these effects may lead to societal 

changes that foster a better health and a more sustainable use of the ocean’s ecosystem 

services. Ecosystem services are the benefits and disbenefits that people obtain from the 

ecosystem (IPBES, 2019), and humans have used coastal and marine environments 

throughout history to go beyond the essence of survival and to thrive in our existence 

(Charlier & Chaineux, 2009; Gillis, 2012). Not only has the ocean been providing seafood 

and pharmaceutical precursors and regulating the climate, it has also been delivering a 

source for recreation and leisure, aesthetic experiences and inspirations, and other cultural 

ecosystem services (Custodio et al., 2022; Hynes et al., 2018; Rodrigues Garcia et al., 

2017). In a way, all cultural and other ecosystem services directly or indirectly influence the 

human health of coastal and non-coastal citizens. It seems that the ecosystem services of 

the ocean have attracted citizens to live near it or visit it occasionally. Now, almost 1 billion 

people in the world live within 10 kilometers of the coast (Reimann et al., 2023), and about 

50% of all recreational activities involve a coastal or marine destination (Northrop et al., 

2022). Remarkably, the scientific evidence about the effects of spending time at the coast 

on human health is still scarce. This dissertation investigates how being exposed to the 

coast impacts human health.  

The ocean, marine biodiversity, and the ecosystem services that they deliver are facing 

various threats. Humans have been burning fossil fuels to meet the growing demands of 

the expanding human population, and the resulting emission of greenhouse gases (i.e., 

mainly CO2 and CH4) have warmed the ocean’s surface temperature with 0.88 [0.68 to 

1.01] degrees Celsius since the period 1850–1900 (IPCC, 2023). Humans have also been 

harvesting most of the pelagic and benthic fish stocks and have reshaped many of the 

coastal functions and scenery (IPBES, 2019). Within the scientific community, there is now 

a high level of confidence that these environmental changes are irreversible and will have 

long-lasting impacts for the ocean and its ecosystem services (IPCC, 2023). Although many 

actions have been taken towards a more sustainable interaction with the ocean globally, 

there is still a lot to be done to restore the ocean’s ecosystem services to their original 

levels where possible and to use them more sustainably (Halpern et al., 2012; Figure 1). 

Importantly, the quality of the ecosystem services involved in tourism and recreation are 

particularly low (39%). That is because the coastal tourism sector is currently characterized 

by a poor environmental sustainability, a poor socio-economic resilience, and a worldwide 

high pressure and impact by travel and tourism demands (Halpern et al., 2012; Soshkin & 

Calderwood, 2022).  
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Figure 1: The Ocean Health Index from the assessment period 2012-2022 (average score 
= 69/100) and the themes on which it is based (Halpern et al., 2012). 

The 2030 Agenda for Sustainable Development provides a shared goal among all the 

member states of the United Nations to work towards a sustainable relationship between 

human activities and the environment (UN, 2015). At its core lie 17 sustainable 

development goals (SDG’s; e.g., 3 - good health and well-being, 11 - sustainable cities and 

communities, 14 - life below water), which identify what sustainability exactly is and what 

must be preserved and what changed to achieve sustainability. Due to the importance of 

the ocean for achieving the SDG’s, the United Nations has flagged the period 2021-2030 

as the Decade of Ocean Science for Sustainable Development (UNESCO). This initiative 

has been sprinkling new inspiration across the world to tackle human’s needs by managing 

and using the ocean’s services more sustainably. It relates the SDG’s to coastal and marine 

areas, providing an umbrella concept to accelerate funding for fundamental and applied 

marine research across the world. In order to work, the emerging solutions must transcend 

disciplines, be cost-effective in the long term, and find support in local, national, and cross-

country communities and policies (Fleming et al., 2021). 

One of the many actions operating in the light of the Ocean Decade is research on the 

nexus between the ocean and human health (OHH; Fleming et al., 2019). The central aim 

of OHH research is to increase the evidence and our understanding about how the ocean 

influences human health. It also aims to investigate how more resilient societies may 

interact with the ocean more sustainably. As such, the idea is to accelerate societal 
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changes that benefit both the health of humans and of the ocean. The concept originated 

in the United States, where it initially concerned the threats of harmful algal blooms, 

chemical and microbial pollution, as well as marine biodiscovery for medicinal drugs (Knap 

et al., 2002). A few years later, the concept was brought to Europe (Bowen et al., 2006; 

European Marine Board, 2013). So far, the movement has mainly given rise to perspective 

papers and policy-advising documents that adopt a transdisciplinary and salutogenic 

approach (Fleming et al., 2019; Legat et al., 2016; Nash et al., 2022; Pellens et al., 2021; 

Reamer, 2022; Sandifer et al., 2021). One example of such a document is the map of the 

many intertwined, positive and negative interactions between the ocean and human health 

(Figure 2). These interactions between the ocean and human health must meet the 

demands of different sectors in society (e.g. tourism, healthcare, food provision), but are 

also poorly understood and unsustainably exploited. 

 

 

Figure 2: A tangled net depicting many of the hypothesized relationships to be addressed 
by ocean and human health researchers (designed by Will Stahl-Timmins; Fleming et al., 
2019). 
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A decade ago, the European Marine Board already identified and explained how OHH 

research is “a strategic research priority for Europe” (European Marine Board, 2013). 

Recently, Europe’s Horizon 2020 project “Seas, Oceans, and Public Health in Europe” 

(SOPHIE) proposed a more detailed strategic research agenda (SRA) for OHH research in 

the period 2020-2030 (H2020 SOPHIE Consortium, 2020). It proposed three key target 

action areas. Target action two of the agenda is particularly interesting in the light of this 

doctoral research, because it identified the key opportunities and challenges in the context 

of “Blue spaces, tourism and well-being”.1 This target aims to investigate how engaging 

with the coast (e.g. via recreation) is linked to human health and to the sustainable use of 

the ocean, it says: “our vision is for improved individual and community physical and mental 

health and well-being through enhanced interactions with healthy blue spaces that are 

sustainably managed” (H2020 SOPHIE Consortium, 2020).  

The dependency between the individual’s exposure to the coast and the gained 

experiences is central for linking the ocean to human health and vice versa. Coastal 

environments possess unique qualities that have shown to be particularly attractive for 

recreation (Gammon & Jarratt, 2019), and humans have been very creative in finding ways 

to enjoy the scenic beauty, massive amount of water, and long stretches of sandy beaches 

and dunes. People can exert many different activities in different coastal environments and 

under specific conditions. For example, people can walk or relax at the beach, explore the 

dunes, taste the local cuisine, visit natural or cultural heritage sites, or use the land, sea, 

or air for sports or mobility (Elliott et al., 2018).These activities would directly impose 

specific mental, physical, and social experiences that directly influence an individual’s 

health. These experiences (and probably also the health status of the individual) in turn 

influence how much and in which way leisure time will be spent at the coast in the future 

(Dodds & Holmes, 2019; White et al., 2020). This interaction between exposure to the coast 

and the gained experiences indirectly links with human health via impacts on the coastal 

tourism sector (i.e., via job creation and economic revenues) and the healthcare system 

(i.e., via enhanced quality of life and avoided health care costs) (R. Buckley, 2022; R. C. 

Buckley & Chauvenet, 2022; Legat et al., 2016). On the other hand, the interaction between 

exposure to the coast and the gained experiences also interacts with the ocean. More 

specifically, the state of the ocean determines the scenery, perceptions, risks, and other 

factors that may impact the experience (Wyles et al., 2016). Additionally, developments of 

the coastal tourism sector alter the oceanic and coastal ecosystem for meeting the 

demands for recreation (Anfuso et al., 2017; Rangel-Buitrago et al., 2018), and the tourists’ 

behaviors and ecological footprints may degrade the coastal and marine ecosystem 

(Jeyakumar et al., 2023; Portman & Behar, 2020; Tudor & Williams, 2008). Alternatively, 

being exposed to the coast may also impact individual pro-environmental behaviors via 

nature connectedness (Alcock et al., 2020; Berto & Barbiero, 2017; Britton et al., 2023; 

                                                

1 The term ‘blue spaces’ is an appealing term that has been used in both scientific and policy-
informing documents to refer to environments with water bodies. These environments can be 
coastlines, but also predominantly green (i.e., dominated by vegetation) and urban environments 
with water features. This dissertation focuses on coastal environments, hence, the term ‘blue 
spaces’ is too general and thus avoided.  
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Rosa & Collado, 2019; Severin, Akpetou, et al., 2023; Whitburn et al., 2019), and 

acknowledging that exposure to the coast is valuable for human health poses a leverage 

for conserving the coastal and oceanic ecosystem and its services (Rosa & Collado, 2019; 

Whitburn et al., 2019). Thus, the ocean is inextricably linked to human health, and it is now 

imperative to better understand how exposure to the coast influences the coastal 

experience and human health.  

While research from different separate disciplines is needed to gain knowledge about the 

coastal effects (i.e., ‘multidisciplinary’ science), an integration of the knowledge acquired 

from these separate disciplines is also required (i.e., ‘interdisciplinary science’). Even more 

so, when interdisciplinary knowledge is co-created with other stakeholders (i.e., 

transdisciplinary science), societal challenges can be tackled most effectively. The 

research within this dissertation is transdisciplinary, because it uses knowledge and 

knowledge gaps identified from different societal stakeholders (e.g., policy documents, 

public narratives, trends in coastal tourism) to finetune the adopted approach and to adapt 

the research questions to the most pressing societal needs. 

 

 

Figure 3: A schematic overview of how coastal exposure and the experiences with which 

they come link the ocean to human health and vice versa.  
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2. Health: what’s in a name? 

To investigate the effects of the coast on the coastal experience and on human health in 

this dissertation appropriately, a clear definition of ‘health’ and ‘human health’ is required. 

In the past, the term or concept ‘health’ could be interpreted in a different manner in different 

contexts. Furthermore, it also seemed that the ‘ocean and human health’ topic to which this 

dissertation is attached does not provide a specific and univocal interpretation of health. In 

this section, the contexts and meanings that have been given to health and to human health 

in the past are outlined, after which a ‘specific approach to health’ is conceptualized and a 

univocal interpretation for ‘human health’ is defined.  

2.1. Previous approaches to health 

The existing definitions of human health seem to be one of the most solid starting points to 

define health in general, albeit about the health of humans specifically. Human health was 

originally defined by the World Health Organization (WHO) as “a state of complete physical, 

mental and social well-being and not merely the absence of disease or infirmity” (1948). 

This original definition has been contested, because ‘complete health’ would not be 

achievable and the dynamic nature of health was not included. Consequently, human 

health was later defined as “a dynamic adaptive state, one that is not fixed nor absolute, 

and one that is constantly responding to environmental, social, biological, emotional, and 

cognitive conditions or states” (Lovell et al., 2018). This definition was supplemented with 

the notion that human health has three domains that are inherently connected to each other 

(Lovell et al., 2018):  

1) mental or psychological, relating to emotional, cognitive, and behavioral functioning;  

2) physical or physiological, relating to biomechanical functioning; and  

3) social, relating to the relationship with others.  

The term human health has been used interchangeably with the term well-being in research 

papers and policy-relevant reports (e.g., H2020 SOPHIE Consortium, 2020; White et al., 

2020). Well-being concerns many dimensions that may include and go beyond the typical 

mental-physical-social dimensions of human health. Well-being typically also refers to the 

spiritual dimension, to a dimension of how well activities and functions can be executed, 

and to a dimension of personal circumstances, such as the family situation (Linton et al., 

2016). In terms of language, one could argue that ‘well’-being is purely about the positive 

aspects of human health, while human health is neutral and simply about ‘being’. 

Nevertheless, all the aspects to which well-being refers are also closely dependent on the 

mental-physical-social dimension. Furthermore, since the term well-being was also in the 

original definition of human health by the WHO, well-being can also be viewed as part of 

human health. So, given their interchangeable uses, human health and well-being both 

seem to be about the same all-encompassing, multidimensional state of how a human 

being is doing, irrespective of whether it is considered bad or good. 

The definition of human health has received a different connotation for the health sciences 

‘clinical medicine’ and ‘public health’ (Arah, 2009; Rose, 2001). Clinical medicine has 
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typically focused on the health of individuals and on individuals with a risk of being in sub-

optimal health. As such, individual health refers to the importance of healthy individuals, to 

the clinical, biomedical support that is needed to maintain healthy individuals, and to the 

existence of underlying psycho-physio-sociological anomalies or clinical determinants that 

are likely to lead to changes in the health of an individual in the future (Arah, 2009). On the 

other hand, the field of public health has generally concerned the health of populations 

rather than of individuals, and has taken a more preventive approach on a societal level. In 

this perspective, population health is about the socio-economic, environmental, political, 

and other societal contexts that impact the distribution of good or bad health in a human 

population, and acknowledges that the health of a group of individuals is more than the 

summation of the individuals’ health (Arah, 2009). For population health, an individual’s 

health is not only about its mental, physical, and social state, but also about its contribution 

and relevance for the community or society as a whole. Although the discussion about the 

difference and overlap between the scientific fields ‘clinical medicine’ and ‘public health’ 

and between individual and population health is still ongoing, it is clear that one relies on 

the other and implicitly contains the other (Siekmann & Osborne, 2023).  

In the last decades, several holistic approaches to health have been communicated in 

research and policy atmospheres to emphasize the need to prioritize the health of particular 

entities over others and to put the health of these entities in the context of a bigger issue 

or importance (i.e., mostly sustainability; Lerner & Berg, 2017). Here, the most often quoted 

approaches are shortly described. Since ‘health’ has been attributed to many different 

entities, parentheses are used to invite the reader to reflect on the actual meaning of the 

term ‘health’ when it is joined alongside other words. The ‘One Health’ approach primarily 

links ‘human health’ to ‘animal health’ as a way to combat the spread of zoonotic diseases 

(Keune et al., 2017; Roger et al., 2016), but it may also include ‘environmental health' in 

the widest approach (Gibbs, 2014). ‘EcoHealth’ focuses on the ‘health of human and 

environmental systems’, and places more emphasis on the importance of ecosystem 

processes than in the ‘One Health’ approach (Roger et al., 2016; Waltner-toews, 2004). 

For the ‘Planetary Health’ approach, the ‘sustainability of the health of humans’ is 

prioritized, and the ‘health of animals and ecosystems’ are only given secondary relevance 

(Whitmee et al., 2015). For the ‘Global Health’ approach, the need for ‘healthy animals and 

ecosystems’ is largely neglected, and the focus is almost entirely on the ‘health of humans’ 

and ‘the societal systems on which human health depends’ (Lerner & Berg, 2017). The 

‘Ocean and Human Health’2 approach may also be added to this list. This approach gives 

equal importance to the ‘health of the ocean’ as to the ‘health of humans’, and focuses on 

the linkages between the two (Borja et al., 2020; Fleming et al., 2019, 2021; Fleming & 

McDonough, 2014; Franke et al., 2020; Lloret et al., 2020). From these approaches, it is 

clear that the concept ‘health’ has been assigned to different entities and different 

characteristics of these entities (e.g., their state, fate, influential causal pathways). In sum, 

                                                

2 The topic has not been given a consistent name, and authors have referred to the topic as ‘oceans 
and human health’ or as ‘ocean and human health’. It should be noted that there is only one ocean 
on earth (i.e., the global ocean; Halpern et al., 2012), hence the term ‘ocean and human health’ is 
more appropriate. 
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the lack of a clear definition of the concept ‘health’ has resulted in many different uses and 

interpretations, and it is likely that readers make their own assumptions about the entity in 

focus and the underlying motivation. 

To foster a clear and transparent communication about the planned and executed science 

on health, it is useful to reflect on the characteristics that have been given to the concept 

health. This ambiguous uses and interpretations of health The previously-described 

interpretations of ‘human health’, ‘individual vs. population health’, and holistic health 

approaches demonstrate that the following characteristics have been given to the concept 

health: 

• Objectivity: health has always been about the state of an entity that is defined in 

space at a given time (e.g., humans, animals, the ocean). 

• Ability: health has concerned the potential of an entity to exhibit a particular intrinsic 

function (e.g., the ability to respond to a stressor). 

• Causality: health has also referred to causal effects that are happening through time 

(e.g., effects on communities, predator-prey interactions). 

• Desirability: health seems to have embodied a factor of desirability, a subjective 

notion about the likelihood of particular outcomes to arise at some point in the future 

that are considered to be detrimental for the state and abilities of the entity (e.g., 

sickness, loss of function, extinction). 

• Flexibility: health may refer to different states, abilities, causal effects, and 

(un)desirable outcomes depending on the entity health is appointed to (e.g., ‘human 

health’ refers to the mental, physical, and social dimension of how people are doing, 

while ‘ocean health’ refers to the ocean’s biodiversity, ecosystem functions, and 

physical conditions).  

2.2. ‘The specific approach to health’ 

A critical examination of the interpretations and characteristics that have been assigned to 

health highlighted the need for a new conceptualization of ‘health’ for this dissertation. The 

new approach is called the ‘specific approach to health’ to remind a reader or a user of the 

approach to the importance of specificity when communicating about health. Below, the 

characteristics that have been assigned to health are critically examined and used for 

conceptualizing the new approach to health. 

That ‘health’ is about an objective state of an entity is considered paramount for its 

conceptualization, because this objectivity allows for a clear, well-defined, and neutrally-

emotionally-loaded interpretation of the concept. This objectivity notion requires that the 

entity to which the health state is attributed should always be scaled in space and time for 

its ‘health’ to be conveyed clearly and interpreted accurately. Knowledge from physics 

seems to be the most appropriate baseline to accurately define the entity in space and 

time. Physics has taught humanity that all the matter in the universe is essentially made 

from elementary particles (e.g., electrons) that interact with each other via fundamental 

forces (i.e., gravity, electromagnetism, weak and strong interactions). Elementary particles 

make up atoms, which make up molecules and living organisms or substances (e.g., solid, 
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liquid, or gaseous), and ultimately the world and the universe. By adopting this perspective 

from physics, an entity can be defined as all the elementary particles and their organization 

within one or more three-dimensional polygons in space of own choosing at a given time. 

For example, defining a human individual as the entity in focus may hold all the atoms, 

molecules, organisms, tissues, organs, and substances within the boundaries of that 

person’s skin. Whether microbiota on the epidermal surfaces and other questionable cases 

are also included is up to the choice of the definer. Notice that scale is crucial for defining 

the entity, and that the previously described approaches to health simply gave a different 

importance to different scales. 

A second crucial characteristic that has been assigned to health is about the ability of an 

entity to exhibit particular functions. Applying a physics-perspective on this ability factor 

requires the acknowledgement that the entity’s future is intrinsically restricted by its current 

state at the specified time. For example, if a human individual is considered at a particular 

time Ta, then it can only exhibit those functions within its ability (e.g., a month-old baby can 

sleep, eat, and cry, but not walk nor talk; one month later, it will still not be able to walk or 

talk, but it most likely will in two years). In this sense, ‘health’ can be interpreted as the 

organization of the particles within an entity and how they may potentially change in the 

future. Although this ability characteristic is prone to be interpreted subjectively, it further 

opens up the opportunity to also interpret derivatives of health, such as ‘health benefits’, 

‘health disorders’, and ‘good health’ under this specific approach. For example, health can 

‘improve’ if the entity will be able to perform more functions or exert particular functions 

more effectively (e.g., the ability to run faster).  

The physics approach is completely applicable to any other scientific discipline. More 

specifically, the physics approach argues that there is a logical four-dimensional (i.e., x, y, 

z, t) explanation for every phenomenon in the universe. Essentially, different disciplines are 

concerned about different entities in space and time, and all disciplines can be approached 

with physics. Here are some examples of taking such a physics perspective on related 

disciplines: the field of medicine is about restoring the original state and abilities of human 

beings; psychology is concerned with the thoughts, feelings, and behaviors that arise from 

the state and abilities of the brain and body, with neurology explaining the linkage between 

brain morphology, functioning and psychological outcomes; the social, political, and 

epidemiological sciences are concerned with the distribution of different human entities and 

how humans’ states vary according to their interactions with other human and material 

entities; evolutionary (human) biology and anthropology are primarily concerned with the 

states and abilities of human populations and cultural practices and how they vary through 

time; biochemistry and physiology are concerned with the state of molecules, cells, and 

tissues and their abilities to sustain life forms; and economics is in essence about how 

humans interact with money as physical bank notes or as electrons stored in the memories 

of bank accounts. It should be noted that there are still many gaps in our understanding 

about the elementary particles. However, for now, the physics approach seems to be the 

most objective and clear approach to define health.  

The other characteristics given to health can be used to further refine the specific approach 

to health. By building further on the physics perspective, it becomes clear that the existence 
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and behavior of each entity, how big or how small, inevitably causes changes in other 

entities over time, and that all entities vary in time according to a complex and dynamic 

blend of causes and consequences. This relates to the causality and desirability 

characteristics that have been given to health in the past.  

The causality characteristic raises the question about whether causal influences should be 

considered as an integral part of the health state of an entity. For example, one could view 

the health of a human individual at timepoint Ta (e.g. now) as the simple three-dimensional 

organization of particles within the boundaries of that individual’s skin. In this case, there 

are no causes or consequences, and the state of the individual can be seen as if it would 

be frozen in time. Alternatively, one could also view the health of an individual at time period 

Ta to Tb (e.g. today) as the displacement of the particles in the individual. In this case, the 

resulting physical movements, thoughts, feelings, etc. can be seen as part of the state and 

ability of the individual. However, the influences of the external entities that cause the 

individual to behave the way it does (e.g., the individual is invited to visit a friend) should 

not be considered as part of that entity’s health. Remember that the world is a complex 

blend of causes and consequences, which makes all entities connected to each other via 

causation. In this sense, if the health of an entity would also be about the influence on and 

of other entities, the concept of health would be all-encompassing. Therefore, the specific 

approach to health defines the state of entity and its ability to change over time as part of 

health, but not the causal influences of other entities. So, restricting health to be purely 

about the state and ability, and not about the processes or external entities that are 

influencing it, the concept of health remains specific and clear. The desirability 

characteristic seems highly inappropriate to be assigned to health, because it is never fully 

certain what the future will be, and the desirability of a future scenario may differ depending 

on who or for what entity in the future is targeted. As a last note, defining health to be about 

the state of particles in entities defined in space and time makes it highly flexible and 

applicable for all entities, while previously health had to be used metaphorically. For 

example, previously, ‘human health’ acted as a metaphor for ‘ocean health’. Thus, for 

science, it seems important to define health as something that is objective and something 

that is certain and accurate. Therefore, the causality and desirability characteristics given 

to health are not taken along for the definition of a new approach, and the physics approach 

makes that health keeps its flexibility and is disposed of its metaphoric use. 

From the critical examination of the characteristics previously given to health, a new 

definition of health can be constructed. In this dissertation, the new approach to health is 

called ‘the specific approach to health’ and defined as “an approach that interprets health 

as a dynamic and adaptive state of an entity defined in space and at a defined time point 

or period and the changes that it can potentially exert; if the entity and the time point or 

period is defined, then the health of the entity is what it is and what it can do, and not what 

it influences or what it is influenced by, at that defined time”. That health is dynamic means 

that it can vary in time without an external causality linked to it (e.g., a heartbeat of an 

individual). That the health of an entity is adaptive means that it is dependent on the 

presence and influences of other entities (e.g., an individual that talks to another person). 

The remainder of the first part of the definition describes the ability characteristic of health: 
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it describes that health is also about the changes or actions that the entity can exhibit, but 

not necessarily actually does. The second part of the definition explains that although 

health is adaptive, health is only about the entity that is defined in space and time, and not 

about the external causal pathways linked to it. More specifically, the health of an entity is 

not considered to be about what causes it to change nor what it causes to change, it is 

simply about the entity itself. As such, the interpretation of ‘health’ throughout the thesis 

can be done without underlying assumptions about causal influences of overarching 

entities (e.g. ‘health of the ecosystem’), and the meaning of health is assured to be always 

the same and irrespective of the entity and time frame it is appointed to. In the next section, 

the specific approach to health is used to define the health of humans, or human health. 

2.3. The interpretation of human health in this dissertation  

In this dissertation, human health is defined by applying the specific approach to health on 

human beings. The entity is defined as all living human beings (i.e., all molecules and 

organisms within and on the boundaries of humans’ skins, not clothes) and the time 

reference is defined as from now until the infinite future. As such, human health is defined 

as “the dynamic and adaptive state of all human beings that exist now and in the infinite 

future and the abilities that all living human beings can potentially exert; from now on until 

the infinite future, human health is what all living human beings are and what they can do 

or become, and not what they are or will be influencing or what they are or will be influenced 

by”. It is one of the many potential specifications one could make from the specific approach 

to health. By defining the entity as ‘all human beings’, entire societal sectors (e.g., 

economic, health care, tourism) are not disproportionally targeted and the material, non-

biological, aspects of these sectors (e.g., buildings, economic metrics) are neglected. By 

not specifying mental, physical, or social dimensions of human health, as in the previously 

published definitions (Lovell et al., 2018), the interpretation is also not restricted to them, 

yet encompasses them all. After all, it is simply about the organization of the particles within 

all living human bodies and their potential organization in the future that matters. This does 

not mean that human health is purely physical. A correct interpretation of human health in 

this dissertation can perfectly hold translations of what the organization of the particles 

mean for psychological and social concepts. That is because people’s abilities are also part 

of the interpretation, such as abilities to think, feel, have a heartbeat, react to stress, 

communicate with others, etc. Furthermore, this new definition simply defines what can be 

interpreted under human health, and not how it is meant to be implemented. In the 

remainder of this dissertation, the term ‘human health’ is used in the same way as when 

this new definition would not have been presented. Similarly, derivatives, such as ‘mental 

health’, ‘general health’, ‘health benefits’ are still used, for which the added meaning to 

these derivatives comes from the adjacent words, rather than the interpretation of the word 

health itself.  

In conclusion, this section provided a background on the use and meanings that have been 

given to health in the literature and formulated a new ‘specific approach to health’ and a 

new definition of human health. These definitions and insights should be used when 

interpreting matters on health in this dissertation. The specific approach to health and new 
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definition for human health set clear boundaries on what this dissertation is about: it is 

about how the state and abilities of living human beings change in response to a particular 

type of exposure of the coast. The specific approach to health does not set any boundaries 

on the underlying motivations for investigating the topic, although there should be a logical 

potential or actual link to the defined entity. For this emerging research topic, the 

overarching motivation is that understanding the effects of the coast on human health is 

important, because these effects are ultimately linked to how sustainable the oceanic and 

coastal ecosystem is used and to how much we, as humans, can thrive on this planet 

(Figure 3). The motivation also includes that there are several potential societal applications 

that may arise from the acquired knowledge (e.g., health care applications). The next 

sections in this introduction describe additional contextual information about mental health 

and stress and about the literature on the effects of the coast on human health and the 

tackled knowledge gaps.  
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3. Mental health and stress 

Target action two of the SRA for OHH research in Europe (i.e., “Blue spaces, tourism and 

well-being”) not only aims to work towards a more sustainable coastal tourism, but explicitly 

recognizes that the ocean may improve mental health in particular (H2020 SOPHIE 

Consortium, 2020). Currently, there seems to be a high prevalence of individuals with a 

sub-optimal mental health. More specifically, approximately one out of six people suffer 

from mental illness in Europe, and poor mental health has come increasingly to the 

attention of independent multinational organizations (OECD & European Commission, 

2020; WHO, 2019). Good mental health is required for optimal psychological and physical 

functioning, maintaining healthy relationships with others, and coping with individual, 

structural, and community risk factors (WHO, 2012).  

The problem of poor mental health is multifaceted. Apparently, contemporary lifestyles and 

cultures have nourished a growing pressure on individuals’ mental health, a pressure that 

has exceeded the capacity of the current health care system. Undeniably, many nations’ 

mental health care facilities are currently underserved and are often inaccessible and 

unaffordable, or at least perceived to be so (WHO, 2019). An additional concern is that 

individuals in sub-optimal mental health are stigmatized and discriminated against, which 

causes discouragement and avoidance towards seeking help (WHO, 2022b). The current 

therapies that are endorsed by the WHO include psychosocial interventions (e.g., cognitive 

behavior therapy) and the use of psychotropic medicines (WHO, 2022b). Although these 

interventions have shown some efficacy, their brief and unsustainable nature often results 

in relapses (Triliva et al., 2020). The COVID-19 pandemic has drastically increased the 

prevalence of mental health burdens, which has put additional pressure on the healthcare 

system to find new and more effective therapies (Dedoncker et al., 2021).  

To combat poor mental health, innovative multi-sectorial changes are needed and new 

promising therapies should be proposed (WHO, 2022b). In this respect, coastal and other 

natural environments seem to be especially promising, because they are usually quite 

accessible (real or virtual), cost-effective, and socially endorsed to visit (Charveriat et al., 

2021; Filipova et al., 2020; Short et al., 2021). Therefore, researchers have increasingly 

investigated how outdoor environments, such as the coast, may act as “the ultimate 

healthcare system” (UNEP, 2019). Before thinking about how spending time at the coast 

can benefit mental health, it is crucial to understand the drivers of mental health and of 

mental disorders. 

Mental disorders are characterized by clinically significant disturbances in an individual’s 

cognition, emotion regulation, or behavior, and inherently poses a higher risk for 

(attempted) suicide (WHO, 2022b). Depression, anxiety, and adjustment (e.g., burn-out) 

disorders are the most prevalent mental disorders and may have life-long impacts on an 

individual (Almén, 2021; WHO, 2022b). There are several factors that may manifest as 

either risk or protective factors: e.g., the genetic, life-history, and socio-economic 

background and external social/societal and environmental phenomena (Llorente et al., 

2018; Schneiderman et al., 2005; WHO, 2012). They are highly individual-specific and may 
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manifest differently in different layers of society. Although risk factors usually fall outside a 

person’s control, resilience can be strengthened by developing social, emotional, cognitive, 

and behavioral skills, by spending time in restorative environments, or by adjusting the 

reactions to the environment wherever possible and depending on a person’s needs (Berto, 

2014; Folke et al., 2021; Lymeus et al., 2020; Schneiderman et al., 2005; Schönfeld et al., 

2017; Villada et al., 2017; von Lindern et al., 2017; White, Pahl, et al., 2013). Ideally, an 

individual must constantly accumulate such adaptions for it to be able to respond 

appropriately and timely to declines in mental health and to prevent the development of 

mental disorders.  

Stress is a particularly interesting reaction in the context of mental health and the 

development of mental disorders, because the way an individual copes with stress 

dominates the risk for developing a mental disorder (Monroe & Cummins, 2015; 

Schneiderman et al., 2005). Stress is also particularly interesting for OHH research, 

because it is highly reactive to minor changes in an individual’s immediate environment 

(Cacioppo et al., 2007). Stress constitutes of a psycho-physiological reaction to prevent an 

individual from experiencing harm in the case of an event or a set of internal or external 

conditions that are perceived to be (potentially) threatening (Cacioppo et al., 2007; see also 

Chapter IV). Since the stress-response is so crucial for life, it has been perfected throughout 

evolution. There are many different mental, physical, social, and environmental situations 

that may directly or indirectly impact the stress-level of an individual. Whether these 

situations are perceived as threatening depends on learned associations (i.e., memory 

stored in the hippocampus in the brain) and emotion-regulatory mechanisms (i.e., by the 

amygdala) within the limbic system of the brain (Cacioppo et al., 2007; Herman et al., 2005; 

K. H. Wood et al., 2014). Based on the interpretation of the situation, the brain will initiate 

a series of biomolecular and physiological pathways that prepare the body to deal with the 

event in a manner that is deemed appropriate.  

In humans, there are two series of reactions that regulate the stress-response: mostly 

electrophysiological responses of the autonomic (i.e., sympathetic and parasympathetic) 

nervous system and mostly hormonal responses of the hypothalamic-pituitary-adrenal 

(HPA) axis (Golnaz, 2020; Herman et al., 2005; McCorry, 2007). It is important to note that 

each of these mechanisms has its own function: the sympathetic nervous system induces 

stress rapidly, while the HPA-axis ensures continuation of the stress-response and regular 

clean-up of the used molecules, and the parasympathetic nervous system (i.e., mainly the 

vagus nerve) facilitates recovery (Almén, 2021; Cacha et al., 2019). There are also many 

positive and negative feedback loops that enable to sustain the stress-reaction when 

needed or to initiate recovery when the stressor has passed (Cacioppo et al., 2007). As a 

result, the two series of stress-reactions mobilize the required emotional, cognitive, and 

physiological resources to deal with or to eliminate the threatening situation. These 

biophysiological mechanisms drive the psychological, physiological, and behavioral 

symptoms of stress. Psychological symptoms of stress include increased cognitive 

processing (often leading to unnecessary rumination and worry), emotional negativity and 

instability, and a loss of mindfulness, creativity, and inspiration. Physiological symptoms of 

stress include an accelerated heart and breathing rate, a more metronomic beating of the 
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heart, tensed muscles, and sweating. Behavioral symptoms of stress include social 

isolation, restlessness, and decreased behavioral control.  

Fluctuations in stress are normal and usually fall within the boundaries of one’s resilience. 

However, stress can become problematic when its magnitude is repeatedly inappropriate 

for the prevailing conditions, or when there is insufficient recovery after the stress-response 

(Steffen et al., 2016). More specifically, the mobilization of molecules during the stress 

response causes depletions and excesses throughout the brain and body (Godoy et al., 

2018). Ideally, an individual should not excessively overreact by wasting precious energy 

and resources, or react too little, because either the prevailing conditions or the faulty 

stress-response itself may result in damages to health in the short, mid, or long term. In 

order to acquire homeostasis again, an individual can for example take rest and sleep, be 

physically active, manage and regulate psychological information and thoughts, find 

distraction in non-harming situations, take the necessary food and fluids, regulate 

temperature, or do physical manipulations (e.g., physiotherapy; (Charveriat et al., 2021; 

Schneiderman et al., 2005).  

Thus, the mind and body are structurally and functionally attuned to one another to allow 

an individual to pursue goals and to meet to the demands in current societies. Rather than 

to investigate therapies that can cure mental disorders, it seems more impactful in the long 

term to understand how one copes with stress, how recovery can be facilitated, and 

resilience can be strengthened (White et al., 2023). In this respect, exposure to the coast 

may attenuate unnecessary high stress-responses, facilitate recovery, and open up the 

mind to learn more quickly how to appropriately cope with stress.  
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4. The potential effects of exposure to the coast on human 

health 

4.1. Historical context 

Humans have adapted to their environment throughout human evolution, and 

understanding our adaptations to coastal environments is crucial before starting to 

investigate the effects of exposure to the coast on human health. In this section, a brief 

overview of a selection of historical events is given to frame human’s relationship with the 

coast in the past.  

Hominins started to disperse away from the Great Apes in central Africa around 1 million 

years ago in central Africa (Ragsdale et al., 2023). By about 200,000 years ago, different 

bipedal species of Homo had evolved and dispersed across Africa and Eurasia, including 

H. habilis, H. erectus, and Neanderthals (Ko, 2016). Then, humans, or H. sapiens, also 

dispersed out of central Africa, and seemed to have been more successful compared to 

the others that already expanded out of Africa (Ko, 2016; I. F. Miller et al., 2019; Neubauer 

et al., 2018; Ragsdale et al., 2023). Although the influence of coasts for the dispersal and 

fitness of H. sapiens is still under debate, it’s highly likely that from around 300,000 years 

ago H. sapiens was able to forage shellfish along the shores of Africa and Europe (Gillis, 

2012; Marean, 2010). As such, the brains of H. sapiens benefitted from an increased 

uptake of fatty acids, which enabled improved cognitive capacities, a greater reproductive 

success, better dispersal abilities, and increased behavioural flexibility (Marean, 2014; Will 

et al., 2019). As such, this brain-empowerment seems to have been the most important 

launchpad compared to all subsequent cognitive, social, and cultural developments (Gillis, 

2012). However, there is still much to be resolved about human evolution in this prehistoric 

era, and although archaeologists and anthropologists have been focusing on the 

populations and genetic mingling in inland populations (Ko, 2016; I. F. Miller et al., 2019; 

Neubauer et al., 2018; Ragsdale et al., 2023), it is apparent that coastal environments have 

been crucial in human development, dispersal, and culture from the beginning (Marean, 

2010, 2014; Will et al., 2019).  

In the better-known historic era where civilized humans roamed and reshaped the earth, 

the coast was not only a source of food and mode of transportation, but also important for 

strengthening social bonds and improving mental and physical health. Since the Roman 

period, many bathing facilities for thermalism (i.e., the use of cold and heat to improve 

human health) and thalassotherapy (i.e., the use of seawater to improve human health) 

emerged at the shores and inland of Europe as places for cultural gathering and 

revitalization of the body and mind (Boterberge et al., 1987; Charlier & Chaineux, 2009). 

During the Middle Ages, the bathing culture came in decay due to a cultural shift towards 

using water for more hygienic reasons and restricting bathing to more private spheres. The 

culture of visiting the coast for various recreational activities finds its origin in the late 18th 

century (Boterberge et al., 1987). Then, royals and rulers reintroduced ‘bathing in seawater’ 

for their own use and started to spend their leisure time along the shores of Europe, 
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particularly in Ostend and along the other Belgian, French, and English coasts. In part also 

due to the construction of railroads to the sea, the coast quickly became popular for the 

working bourgeoisie, who had just been granted at least the Sunday as time off in the early- 

and mid-19th century. Interestingly, the lower classes seemed to copy the leisure behaviors 

from the higher classes, which would have improved the former’s social and cultural status 

(Boterberge et al., 1987). The reasons for visiting the coast were to relax, do nothing, and 

enjoy a pleasant time off, and these reasons have largely remained unchanged until today 

(Elliott et al., 2018; Westtoer & De Kust, 2018). It should also be noted that many of the 

spa’s and bathing facilities have remained popular until today. As such, the conception that 

the properties of the coast, such as the seawater and -air, are healthy has been an essential 

part of human cultural development at the coast. Considering all these historical, 

motivational, and cultural insights, it makes sense that whole villages and cities emerged 

at the entry roads and railway stations along the coasts in Europe with only one reason: to 

give a revitalizing experiences for the coastal tourist (Boterberge et al., 1987; Charlier & 

Chaineux, 2009).  

While the general public does not seem to visit the coast for health-related reasons (Elliott 

et al., 2018), their motivations for visiting the coast are related to health from a scientific 

perspective. More specifically, leisure activities in restorative environments form an 

essential part of humans’ lives and, although not required for survival, they foster emotional, 

cognitive, and physiological capacities that allow to stay on top of the pursuits and 

challenges of everyday life (Gammon & Jarratt, 2019). Furthermore, that spending leisure 

time at the coast also contributes to one’s social and cultural status should also receive 

important notion. Social status has been important throughout evolution for ensuring 

access to vital resources and for improving fitness (Korzan & Summers, 2021; Sapolsky, 

2004). Now, one’s subjective social status has been shown to impact exposure to social 

stress (Cundiff et al., 2020), levels of affect and various other health outcomes (Knight, 

2022; Rahal et al., 2020), and even health-behaviors (Kraft & Kraft, 2021). 

Scientific research about the actual effects of being exposed to the coast on human health 

was probably initiated by the German doctor Cari Mühry (in 1841 at the age of 34), who 

died after returning from having visited all the thalassotherapeutic facilities in his region and 

before he could publish his analytical findings (Verhaeghe, 1843). Louis Verhaeghe (1811-

1870) is a better-known medical doctor, surgeon, and obstetrician who retrieved Mühry’s 

documents for further research, and whose life was devoted to understanding the medical 

potential of the coast (Pirlet, 2016; Verhaeghe, 1843). Verhaeghe prescribed regular 

immersion in the sea itself or in (warm) seawater indoor for a period of weeks to patients 

with various complaints, including intestinal, muscular, cardiovascular, and neurological 

symptoms (Boterberge et al., 1987; Verhaeghe, 1843). Some areas along the coast were 

even exclusively devoted to these thalassotherapeutic practices, such as in Ostend in 

Belgium. Verhaeghe claimed that the immersion in the sea and contact with the seawater 

resulted in a stronger pulse, deeper breathing, increased appetite, more functional skin, 

and an overall revitalized and stronger body (Verhaeghe, 1843). He wrote that a first initial 

reaction by the nervous system would result in an initial shock experience, while a 

subsequent reaction would mobilize the body’s resources to cope with the salty water. This 
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mobilization of resources would result in feeling extraordinarily vivid. At some point during 

the immersion, the body’s reactions would turn negative, so he proposed that regular, 

relatively short, immersion was necessary over the course of several weeks to optimize the 

positive effects of the coast and to avoid the negative effects (Verhaeghe, 1843). Although 

Verhaeghe’s descriptions provided some insights about the benefits of exposure to the 

coast, they do not explain why coastal environments now attract so many visitors that 

usually want to experience the sea from land. Furthermore, although they were very 

detailed, they were not quantitative nor peer-reviewed. 

4.2. Current evidence 

Modern peer-reviewed scientific studies about the effects of the coast on human health are 

scarce. Nevertheless, there is a huge body of literature, both individual studies, reviews, 

and meta-analyses, that describe how natural environments influence human health (Aerts 

et al., 2018; Dzhambov et al., 2018; Gritzka et al., 2020; Hartig et al., 2014; Markevych et 

al., 2017; Mygind, Kjeldsted, Hartmeyer, Mygind, Bølling, et al., 2019; Stevenson et al., 

2018). However, the conclusions from these studies do not necessarily apply to coastal 

environments. That is because many of these studies postulate that the type and dose of 

nature co-determines the health benefits (Kabisch et al., 2021; Marselle et al., 2015; Ode 

Sang et al., 2016; Van den Berg et al., 2014; White, Pahl, et al., 2013), and coastal 

environments harbor different types of nature and can be highly urbanized. Importantly, 

coastal visitors and residents are likely to move through both natural and urban 

environments along the coast (Elliott et al., 2018), which complicates the assessment of 

the effects of the coast on human health. Given the difficulty of applying nature-and-health 

research to the coast and other environments with water, a smaller body of literature has 

at least considered that blue spaces (i.e., those with a prominent water body) are different 

from green spaces (i.e., natural environment in general) and may thus create different 

effects and mechanisms (Britton et al., 2018; Gascon et al., 2015, 2017; Geneshka et al., 

2021; Georgiou et al., 2021; Hermanski et al., 2021; Smith et al., 2021; Völker & Kistemann, 

2011; White et al., 2020). In this context, White et al. (2020) proposed an interesting 

conceptual framework that mapped the different ways of exposure, the potential outcomes, 

the pathways between them, and influential factors modifying the effects (Figure 4).  

The framework of White et al. (2020) outlines that residential proximity to the coast 

determines how an individual is exposed to the coast (i.e., intentional, incidental, or 

indirect), and what benefits can be transferred (Figure 4). Further, it shows that exposure 

to the coast may induce mediators (i.e., restoration, instoration, or mitigation) that are 

required to transfer the effects of the coast on human health (paths a and b). Note that the 

framework also explicitly recognizes that exposure to the coast may benefit planetary 

health and a more sustainable interaction with the environment via for example the 

induction of pro-environmental behaviors. Importantly, there are individual and situational 

moderators that are crucial for determining the type of exposure, the mediating pathways, 

and the health effects gained (paths c and d). More specifically, citizens and coastal visitors 

may differ substantially in their traits (e.g., demography, personality, mindfulness, socio-

economic status, and cultural background) and states (e.g., current mental health), and 
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each of these may co-determine the frequency and modus of being exposed to the coast 

and the health effects experienced (Boyd et al., 2018; Elliott et al., 2018). Similarly, the 

coast may present different environmental conditions depending on the time and place of 

the exposure, and each set of conditions may differently impact the likelihood of visiting the 

coast and the type of experience gained (Wyles et al., 2016). Consequently, in recognition 

of the pathways described further, each health outcome would be inevitably and ultimately 

the result of the assessed type of individual, the state that individual is in, and the exposure 

to the coast it has consciously or unconsciously experienced (White et al., 2020). The 

remainder of this section outlines the current evidence about the effects of residential 

proximity to the coast, intentional recreational coastal visits, and indirect exposure to the 

coast on human health via the mediating effects of restoration, instoration, and mitigation. 

In the discussion, I will elaborate on how the results of this doctoral research have 

contributed to strengthening the evidence for the pathways within this framework. The 

discussion also describes how evidence of paths a, b, c, and d in the framework is relevant 

for future societal, local, and personal actions that aim to improve mental and general health 

(Figure 4).  

 

 

Figure 4: Overview of how exposure to the blue spaces, or the coast in particular, may 
impact human health and well-being and the influential factors herein (White et al., 2020). 
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mental health, and general health (Brereton et al., 2008; Gascon et al., 2015; Wheeler et 

al., 2012, 2015; White, Alcock, et al., 2013). In England, these effects appeared not to be 
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but rather an actual effect of coming to live by the coast (Alcock et al., 2015). However, in 

the meantime, the evidence on the effects on mental and general health have been 

strengthened by studies from Spain, Hong Kong, and England (Ballesteros-Olza et al., 

2020; Garrett, Clitherow, et al., 2019; Garrett, White, et al., 2019; Pasanen et al., 2019; 

Wheeler et al., 2015). Recently, cross-country analyses that included samples from 

European countries, the United States, China, Australia, and Canada have established that 

residing in closer proximity to the coast improves self-reported general health (Elliott et al., 

2023; Geiger et al., 2023). There are also suggestions that living closer to the coast would 

reduce the risk of developing breast cancer (Haraldsdottir et al., 2017), and that having a 

sea view from the residence would be particularly beneficial for reducing poor general or 

mental health (Dempsey et al., 2018; Garrett, Clitherow, et al., 2019; Nutsford et al., 

2016).At the beginning of doctoral research, it was also unknown whether residential 

proximity to the coast was linked to making coastal visits more frequently. However, in the 

meantime, the same cross-country data has confirmed that the coastal visit frequency is 

tightly linked to residential proximity (Elliott et al., 2020, 2023; Geiger et al., 2023), and that 

the visit frequency is crucial for explaining the effects on health (Elliott et al., 2023). Taken 

together, these epidemiological studies mainly support the front (i.e., exposure) and end 

(i.e., eventual health outcomes) of White et al.'s (2020) framework, and not the pathways 

that are responsible for the effects of exposure to the coast on health (Figure 4).  

4.2.2. The restoration pathway 

Coastal environments, especially natural ones, would easily restore emotional, cognitive, 

and physiological resources after they have been depleted. These mechanisms have 

mainly been investigated with respect to the attention restoration theory (ART; Kaplan and 

Kaplan, 1989) and psycho-evolutionary stress-reduction theory (SRT; Ulrich et al., 1991). 

ART posits that coping with stress in everyday life depletes cognitive resources, especially 

human’s ability to direct and focus attention (Ohly et al., 2016). Safe and natural 

environments would be particularly effective for restoring these directed attention 

resources, because such environments would easily induce soft fascination, give a sense 

of being away from stressors, have a large extent, and are usually compatible with one’s 

innate desires (Berman et al., 2008; R. Kaplan & Kaplan, 1989). Through the soft 

fascination for the environment, human attention diverts to the environment (S. Kaplan, 

1995). As such, directed attention resources do not need to be addressed and the brain is 

given time to rebuild these resources (Stevenson et al., 2018). Although ART has received 

some contestation in the literature (Joye, 2018; Joye et al., 2022; Neilson et al., 2019), the 

theory seems to hold (Hartig, 2021; White et al., 2023). 

Complementary to ART, SRT posits that natural environments are psychologically and 

physiologically restorative mainly due to our evolutionary adaptions to nature, and not to 

urban environments (Ulrich et al., 1991). More specifically, humans would have been 

adapted to recover quickly from stress in safe, natural environments, because new 

environments would be potentially threatening and individuals that had recovered 

completely would have had a higher chance for survival. Furthermore, SRT states that 

humans have not (yet) developed the ability to perceive outdoor urban environments as 

safe, which would now result in a higher restorative power of natural environments 
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compared to urban environments (Ulrich, 1993). The restorative properties would be 

hardwired by human’s physiological adaptions that generate both physiological and 

psychological restoration. SRT builds further on Appleton’s prospect and refuge theory 

(Appleton, 1977), Orians’s and Heerwagen’s savannah theory (Orians, 1980; Orians & 

Heerwagen, 1992), and Wilson’s biophilia hypothesis (Ulrich et al., 1991; Wilson, 1984). 

As such, coastal environments would be particularly restorative because they offer medium 

levels of prospect and refuge, have similar characteristics as savannah-landscapes with 

water (i.e., the water, sand, and distant views), and are largely natural. 

Although both SRT and ART have received a lot of attention by the nature-and-health 

literature in the last decade, they are still being modified and refined based on the emerging 

literature (Berto, 2014; Han, 2018; Hartig, 2021; Ohly et al., 2016; Stevenson et al., 2018). 

Given the context of mental health and stress and humans’ evolution introduced earlier, it 

seems reasonable to assume that both theories are complementary to each other and 

applicable to explain the effects of different types of environments along the coast. Note 

that both theories posit that the initial levels of emotional, cognitive, and physiological health 

should have been depleted prior to enabling the potential for restoration.  

Evidence for the restorative effects of coastal environments is scarce. Coastal 

environments have been associated with the highest level of psychological restoration 

compared to other natural and urban environments (White, Pahl, et al., 2013). This makes 

that the restorative effects of coastal environments are particularly promising for revitalizing 

mental health. Qualitative studies have shown that psychological restoration is one of the 

many mostly positive emotions and emotion-regulatory mechanisms that are induced at the 

coast (S. L. Bell et al., 2015; Severin et al., 2022). The leisure state of mind or ‘holiday 

feeling’ can be considered as such another emotion, and coastal environments would be 

particularly good for entering the leisure state of mind (Gammon & Jarratt, 2019). There 

have also been reports about the physiological changes that underpin the coast’s perceived 

benefits. More specifically, the sympathetic nervous system activity has shown to be 

reduced more in response to virtual remote beaches than to a virtual indoor environment 

(Anderson et al., 2017). Additionally, the heart rate variability was found to be healthier (i.e., 

higher) at the coast compared to in the city (Triguero-Mas et al., 2017). However, this latter 

effect was mainly attributed to the higher levels of physical activity at the coast, and not to 

the coastal environment per se (Triguero-Mas et al., 2017). Furthermore, an earlier study 

on post-menopausal women did not find physiological restoration effects in response to the 

coast (White et al., 2015). Beaches have been perceived to be fascinating, to have a large 

extent, to be good for being away, and to be compatible with one’s desires (Wyles et al., 

2016), but one study did not observe replenishment of cognitive resources and capacities 

(Emfield & Neider, 2014). Thus, the restorative effects of coastal environments have a high 

potential to contribute to combatting poor mental health in current societies, both on an 

emotional, cognitive, and physiological level, but evidence for these effects is still lacking. 

4.2.3. The instoration pathway 

Instoration happens when health is improved without the requirement of prior depletion of 

emotional, cognitive, or physiological resources. It is most often considered to be the 
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encouragement of physical activity (or the ‘blue gym’ effect) and gathering with friends or 

family, the power of environments to strengthen the positive appraisal of social relations, 

the enrichment of positive emotions and memories, and the formation of attachment bonds 

and personal meanings to specific locations (Völker & Kistemann, 2011). Coastal 

environments mainly seem to be associated with masses of tourists that perform many 

different leisure activities at the coast, most of them involving walking and other non-

sedentary movements with family, a dog, or friends (Elliott et al., 2018; White, Pahl, et al., 

2016; White, Wheeler, et al., 2014). Coastal residents are more likely to meet the 

recommendations of the WHO for being physically active for at least 30 minutes a day, 

being less sedentary, and doing regular intense physical activity (Bauman et al., 1999; 

Pasanen et al., 2018; White, Wheeler, et al., 2014). These physical benefits also translated 

in a lower prevalence of childhood obesity at the coast in England (S. L. Wood et al., 2016) 

and a decreased degeneration of muscle tension in older adults in the UK (de Keijzer et 

al., 2019). In the scientific community, there has also been quite some emphasis on the 

benefits of water-based activities (Britton & Foley, 2020; Denton & Aranda, 2019; Drake et 

al., 2021; Faerstein et al., 2018; Foley, 2015, 2017; Leonard et al., 2020; Pascoe, 2019; 

Thompson & Wilkie, 2020; L. E. Wood et al., 2022). Although water-based activities are 

considered the most risky (Leonard et al., 2015; Merino & Prats, 2022), the completeness 

of the immersion, physical requirements, often social circumstances, exposure to many 

microbes, and thalassotherapeutic profits make it one of the best ways to experience the 

benefits of the sea (Tipton et al., 2017). Next to promoting physical activity, coastal 

environments would also promote positive social interactions with friends and family (S. L. 

Bell et al., 2015), and children also seem to enjoy these interactions more at the coast than 

in inland environments (Ashbullby et al., 2013). Obviously, if people have a good time at 

the coast, they would also develop some sort of psychological attachment to the place (S. 

L. Bell et al., 2015; Jarratt & Gammon, 2016; Stansfield, 1969), and this attachment can 

lead to diverse emotional enrichments, such as happiness (MacKerron & Mourato, 2013) 

and nostalgia (Severin et al., 2022). The coast can also act as a protective factor during 

global crises. For example, coastal residents reported to be less bored and worrying and 

to be happier than inland residents during the COVID-19 outbreak and the associated first-

wave lockdown in Belgium (Severin et al., 2021). Due to the many studies about the effects 

of the coast on physical activity, and the strongly narrated testimonies of people’s emotional 

enrichment in previous qualitative studies (S. L. Bell et al., 2015; Severin et al., 2022), the 

evidence about the instorative effects of the coast is relatively strong (White et al., 2020). 

4.2.4. The mitigation pathway 

A last pathway explains that the influence of the ocean mitigates harsh environmental 

conditions. These mitigations mainly concern the buffered coastal climate and the fact that 

only half the amount of land can pollute the air. Coastal climates are buffered due to the 

seawater being cooler than the land in warm seasons and warmer in cold seasons. As 

such, the temperature in summer can be a couple of Celsius degrees cooler compared to 

inland (Papanastasiou et al., 2010; Ten Brink et al., 2016; Völker et al., 2013). At the coast, 

fewer clouds are formed, which may increase the solar irradiance and human’s vitamin D 

production (Cherrie et al., 2015). Besides the climatic conditions, the coast is also 
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characterized by a better air quality (Viana et al., 2014) and lower NO2-concentrations, 

except around commercial harbors and in the plume of heavily trafficked sea routes (Dauwe 

et al., 2019; Hautekiet et al., 2022; Pope & Dockery, 2006; Pope III, 2002; Viana et al., 

2014). Sea air also contains marine algae, bacteria, and viruses and their derivatives that, 

when in non-toxic concentrations and inhaled, may train the immune system and reduce 

inflammation (Andersen et al., 2021; Asselman et al., 2019; Fleming et al., 2005; Li et al., 

2024; Moore, 2015). It should be noted that, at least in western Europe, the general public 

has often attributed the healthiness of the coast to the relative high concentrations of iodine 

in the sea air. However, although the iodine concentrations are higher in coastal 

environments because of the influence of the sea, these concentrations proved to be far 

too low to result in any measurable or experienceable effect on health (Bringmans, 2007). 

Thus, the environmental conditions at the coast seem to be less harmful for health 

compared to inland regions. However, perhaps most relevant is that the favorable 

meteorological conditions determine how long an individual spends time at the coast and 

experiences the benefits for health (Elliott et al., 2019; Smalley & White, 2023; White, 

Cracknell, et al., 2014; Wyles et al., 2016). 

4.2.5. Potential risks 

While the coast has many potential benefits, one should always remain vigilant of the 

negative effects and potential risks, because these risks may cause harm to health or even 

result in death. These risks include drowning, microbial infections, algal toxins, injuries from 

sharp, hard, or pointy litter or rocks, harmful effects from pollutants in the seawater or air, 

stings by (jelly-) fish or other harm caused by marine and coastal wildlife, among others 

(Cristiane Pinto et al., 2020; Davison et al., 2021; European Marine Board, 2013; Fleming 

et al., 2014; Grellier et al., 2017; Lawes et al., 2021; Leonard et al., 2015). Although actual 

physical harm is seldom encountered at the individual level, the mere presence of these 

risks may divert the cognitive attention away from the other aspects of the environment. 

For example, litter has shown to diminish the restorative and instorative benefits by 

reducing the fascination for the environment and other prerequisites for attention 

restoration (Wyles et al., 2016) and by disrupting trust in the fellow visitors’ care for the 

environment (Severin, Hooyberg, et al., 2023). Due to the presence of the sea, it seems 

that coastal environments pose more risks than inland environments. Although these risks 

can usually be easily avoided, avoiding the risks (e.g., staying out of the water) also means 

that people are less immersed in the environment and experience less of the benefits 

(Verhaeghe, 1843). It should also be noted that in the last decades, the risk of sea level 

rise, storm surges, and declined biodiversity (e.g., causing jelly-fish blooms) has increased, 

which may cause additional concerns and eco-anxiety among the public (UNEP, 2019; 

Whitmarsh et al., 2022).  

4.2.6. Concluding remarks 

The current scientific literature contains many individual studies that have helped to 

understand the potential pathways of exposure and of the effects. However, most of the 

investigated topics are merely supported by a few isolated studies, and no review nor meta-

analysis has compared effect sizes in response to exposure to coastal environments and 
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on mitigation and moderation pathways specifically (note that reviews on the effects of blue 

spaces in general do exist; Britton et al., 2018; Gascon et al., 2017, 2015; Geneshka et al., 

2021; Georgiou et al., 2021; Hermanski et al., 2021; Smith et al., 2021; Völker and 

Kistemann, 2011; White et al., 2020). Notably, since the beginning of this doctoral research, 

two cross-country analyses have established that residing in closer proximity to the coast 

is associated with a better self-reported general health (Geiger et al., 2023), and that living 

nearer the coast is associated with more frequent visits to the coast, less exposure to 

residential airborne NO2, more frequent physical activity and social contact, and a better 

mental well-being (Elliott et al., 2023). Furthermore, the effects of coastal environments 

seem to be particularly prone to be evaluated in a spiritual manner by the general public 

(Jarratt & Sharpley, 2017). However, non-peer-reviewed narratives of individuals outside 

the scientific community, how appealing or convincing as they may seem (e.g., Nichols, 

2015), should not contribute to the scientific knowledge about the effects of the coast and 

the resulting policies arising from that knowledge. Given these remarks, this dissertation 

considered the knowledge about the effects of exposure to the coast on human health to 

be poorly understood. 

4.3. Belgium in focus 

Belgium seems to be an excellent area to investigate the effects of the coast on human 

health, because it is geographically small (yet complex) and its coast seems relatively 

similar to many other popular coastlines in the world. There are also many opportunities for 

recreation that are highly popular among national and international citizens. Yet, at the 

beginning of this doctoral research, no research had been performed about the effects of 

exposure to the Belgian coast (or blue spaces in general) on human health in Belgium. 

Therefore, and also because this research was funded with Flemish subsidies, the research 

within this dissertation focused on the Belgian coast. Below, more context is given about 

the geographic, touristic, and socio-economic characteristics of the Belgian coast and the 

status of mental health in Belgium. For more details, the cited resources can be consulted.  

The Belgian coast is 65 kilometers long, is relatively straight, and has almost exclusively 

sandy beaches with high tides twice a day (Degraer et al., 2023). The entire coastal zone 

is characterized by ten densely-populated administrative coastal municipalities (cover 42%; 

approximately 340 000 inhabitants) and ten sparsely-populated hinterland municipalities 

(cover 42%; approximately 88 000 inhabitants; Coudenys et al., 2023). Within the borders 

of the coastal municipalities, 19.9% of the land is built (compared to 19.4% in Flanders), 

and 22% (compared to 14% in Flanders) has some sort of designation for conservation 

(Dauwe et al., 2019). The residing population at the coast is on average older compared to 

inland. For example, 43% of the population has reached the age of 56 years or older 

(Coudenys et al., 2023). The Belgian coast has also been the center for thalassotherapeutic 

practices during the 19th, and 20th century, of which many remnants still remain at the coast 

(Boterberge et al., 1987). In typical seaside resorts, a man-made dike serves as a giant 

boardwalk separating the beach from the apartments, stores, and residences in the city. 

On the dike, there are usually many tearooms and restaurants, which during high season 

often expand to the nearby beach with a temporary terrace. In between the seaside resorts 
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typically lie dunes in different stages of development and other types of natural areas. The 

dike is relatively well accessible by car, bike, or public transport. There are five rail routes 

that have their final station at the Belgian coast (Ostend, Blankenberge, De Panne, Knokke 

– with preceding stops in Heist and Duinbergen, and Zeebrugge dorp). There is a 

continuous tram route and road along the entire coast to connect the fourteen seaside 

resorts with each other. Many seaside resorts also contain recreational harbors, and two 

have internationally commercial ports (Ostend and Zeebrugge). The horizon views across 

the sea are not always flat: commercial and recreational fishing and transport vessels often 

pass in front of the coast, and offshore windfarms are visible on clear days. Piers and 

breakwaters prevent the sand from being eroded and offer additional experiences for the 

visitors. In contrast to the seaside resorts near the shore, the hinterland is characterized by 

a much lower population density, vast areas of farmland and polders, and sparsely located 

small municipalities. 

Tourism and recreation is vitally important for the coastal municipalities and hinterland 

municipalities, with in 2021 over 5.7 million arrivals and almost 30 million overnight stays 

in commercial (40%) and privately owned (60%) holiday accommodation and yearly 

between 16 and 19 million day visits (Vandaele et al., 2023). However, tourism also 

presents many pressures and challenges in the region. There is a marked seasonal trend 

in tourism at the coast, with warm spring and summer holidays overwhelming the coast 

with visitors, while colder, off-season days or weekdays present an abandoned, empty 

coast. This bring about pressures and challenges for mobility, livability, and economic 

stability (Vandaele et al., 2023). Additionally, the high and seasonal tourism demand also 

exerts pressures on the environment. This is especially due to the increasing intake of land 

for holiday accommodations, but also the pop-up of typical white beach cabins, beach bars, 

occasional festivals and other attractions on the beach, and the visitors’ ecological footprint 

and waste (Vandaele et al., 2023). 

The mental health of Belgian citizens is sub-optimal. Already before the COVID-19 

pandemic, 33% of the population did not feel to be mentally well (Gisle et al., 2018; Renard 

et al., 2020), and 23% stated to have a neutral to bad general health (Tafforeau et al., 

2018). Belgian citizens live in one of the most urbanized countries in the world, and 70% of 

them does not meet the guideline of the WHO to perform moderate physical activities at 

least 150 minutes per week (Drieskens et al., 2018). There is a growing need for high-

quality natural environments for recreation, because the current therapies to restore mental 

health often result in relapse (Triliva et al., 2020; WHO, 2022b). After the COVID-19 

pandemic, people have become more aware of the importance of the environment for 

maintaining good human health (Lenaerts et al., 2021), but there are still many 

uncertainties about how to leverage the benefits of the environment and the coast to 

improve people’s mental health.   
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5. Knowledge gaps 

The SRA for OHH research in Europe has identified key overarching research questions to 

guide researchers in addressing the most relevant knowledge gaps that need to be filled in 

order to be able to use blue spaces to combat the mental health crisis and to enable 

sustainable interactions with the ocean (H2020 SOPHIE Consortium, 2020). Below, they 

are framed irrespective of the geographical scope and to be specific for the coast.  

A. What is the evidence for the effects of coastal environments on human health?  

B. With regards to mechanisms and pathways: 

B.1. Through which interactions (type of activity, duration etc.) with different 

types of coastal environments does human health improve? 

B.2. Through which interactions does the risk of disease and/or physical 

issues increase? 

C. How does increasing the human use of coastal environments affect the coastal 

and marine ecosystems and biodiversity? 

D. How can we optimize OHH interactions in order to obtain physical and mental 

health benefits in a sustainable manner for all people and species? 

These research questions should be addressed in the respective order. Given the limited 

literature about the effects of the coast on human health, the primary targeted should be 

increasing the evidence base (A) and increasing our understanding about the effects of the 

exposure and the affected health outcomes (B.1.). While doing so, the risks should be 

acknowledged and assessed (B.2), and the impact on the environment should be assessed 

(C). Only in a later stage the focus should be on how to make the OHH interactions 

optimized and more sustainable (D). In practice, studies should be designed as such that 

translation of the results to societal applications is possible, practical, and relevant.  

The previous section demonstrated that coastal environments may contribute substantially 

to the health of its visitors and residents, but also that there is still a major knowledge void 

about the pathways by which the coast can improve health and mental health in particular 

(White et al., 2020; Figure 4). More specifically, increasing the evidence and our 

understanding requires insights in the aspects of the exposure that influence health, the 

diversity of health outcomes affected, the restorative, instorative, and mitigative 

mechanisms, and the individual characteristics that may impact the magnitudes of the 

effects (Georgiou et al., 2021; Hartig et al., 2014; Wheeler et al., 2012; White et al., 2020). 

The multidisciplinary nature of these pathways indicates that investigating the effects of the 

coast on health requires an approach where insights from various disciplines are needed, 

particularly from the health sciences, psychology, and sociology (Fleming et al., 2019). 

Transdisciplinary knowledge would make the conceptualized pathways in the framework of 

White et al. (2020) to be better evidenced and understood (Figure 4; H2020 SOPHIE 

Consortium, 2020).  
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6. Aims of this doctoral research 

The general aims of this doctoral research were to gain evidence and to increase our 

understanding about the effects of coastal environments on human health (overarching 

research question A and B.1 of the SOPHIE SRA; Figure 5) by providing evidence for the 

conceptualized pathways in the framework of White et al. (2020; Figure 4). Five 

complementary studies were completed, which are described in detail in the five chapters 

that follow this introduction. The rationale behind these studies was to gradually increase 

the conceptual complexity in three stages. In the first stage, this project aimed to observe 

whether or not constant exposure to the coast, i.e., by residing near it, results in a better 

general health in Belgium. In this stage, the mediating effects of four hypothesized 

mechanisms (i.e., less mental distress, more physical activity, better social interactions, 

and better environments/air quality; Hartig et al., 2014) were also explored (Chapter II). 

Then, for the next two chapters, the focus shifted towards the restorative effects of the 

coast for mental health in particular, and not for physical or social health, because the coast 

has shown to be particularly effective for psychological restoration, though relatively few 

experimental studies existed to backup these claims (Triguero-Mas et al., 2017; White et 

al., 2010; White, Pahl, et al., 2013; Wyles et al., 2019). Another reason was that mental 

health is particularly relevant for general health, because it has an emotional, cognitive, 

and physiological component and is closely linked to social interactions and contexts and 

physical health behaviors. As such, in the second stage, two experimental studies were 

executed to reveal how different aspects of the coastal environment (i.e., different types of 

environments and components) impact mental health (Chapter III), and what psychological 

and physiological outcomes of mental health are reactive to one of the most popular and 

promising environments, i.e., beaches (Chapter IV). In the last stage, another observational 

study was chosen to gain perspectives about how the exposure (i.e., activities and social 

company during the visit) and the effects (i.e., self-reported experiences) are associated 

with individuals’ geo-demographic, socio-economic, and health characteristics, i.e., how 

they are socially structured (Chapter V and Chapter VI). As such, this project meant to shed 

light on some crucial psychological, physiological, and social phenomena that could help 

us to understand the aspects of the environment that influence health, the psychological 

and physiological reactions to the environment, what internal mechanisms might explain 

these reactions, and the underlying social structuring of the exposure and of the effects 

(Figure 5). The specific aims that are tackled within each chapter are listed on the next 

page. 
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Figure 5: Conceptual diagram of this dissertation depicting the studied potential 
relationships between the coast and human health. 

 

Aims of Chapter II (Hooyberg et al., 2020): 

o To determine the relationship between residential proximity to the coast and 

self-reported general health.  

o To reveal the mediating role of four hypothesized mechanisms (i.e., mental 

health, physical activity, social interactions and air pollution).  

➢ In this epidemiological study, Belgian Health Interview Survey data (N = 60,939; 

1997-2013; Sciensano) was combined with road-map and land-use data. 

Aims of Chapter III (Hooyberg, Michels, et al., 2022): 

o To quantify the inter- and intra-environment variation in psychological 

restoration along the coast.  

o To quantify the mediating influence of naturally varying doses of natural and 

urban components and people in the environments.  

➢ These aims were tackled by a lab-experiment in which 52 pictures were rated 

by Flemish students (N = 102, 18-30y, 83% female). 

Aims of Chapter IV (Hooyberg, Michels, et al., 2023): 

o To quantify how diverse psychological and physiological parameters of stress 

respond differently to beaches, green, and outdoor urban environments. 

o To quantify the moderating effect of initial stress level. 

➢ These aims were tackled by a lab-experiment in which 360° virtual-reality videos 

were displayed to adults (N = 164, 18-65y, 68% female), while physiological 

indices of stress were monitored and questionnaires on psychological outcomes 

were taken. 
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Aims of Chapter V (Hooyberg et al., revised after minor revisions in the journal Scientific 

Data; data at https://doi.org/https://doi.org/10.14284/625; Hooyberg, Roose, et al., 2023): 

o To develop and describe a dataset that allows confirmatory and exploratory 

investigations on the relationships between exposure to the coast and 

parameters of health according to the principles of open data. More specifically, 

the dataset had to contain indices for residential proximity to the coast, the 

frequency and characteristics of coastal visits, the resulting mental and physical 

experiences, and the moderating roles of the individuals’ demography, socio-

economic status and health. 

➢ Therefore, a survey was distributed among a representative panel of Flemish-

speaking Belgian inhabitants (N = 1,939, 2023) and their visits to the Belgian 

coast in the previous year. 

Aims of Chapter VI (Hooyberg et al., drafted for submission in the journal Environment and 

Behavior): 

o To structure coastal leisure activities and types of social company in a 

multidimensional space in which each dimension exerts a unique structuring 

force. 

o To reveal how the coastal leisure activities and types of social company covary 

with the season, frequency, and type (i.e., day visits vs. longer stays) of coastal 

visits, the experiences gained, and the demographic, socio-economic, and 

health characteristics of the individuals 

o To identify clusters of individuals with similar leisure activity profiles and to 

describe them based on their locations in the multidimensional space and their 

association with the supplemented variables.  

➢ Data from Chapter V were used to tackle these aims. We focused on the 

respondents that had reported to have visited the coast in 2022 (N = 1,302). 
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