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A B S T R A C T   

Man-made marine structures (MMS) are commonly used to describe any artificial structure in the marine 
environment, encompassing oil and gas infrastructure and pipelines, artificial reefs, jetties, piers and shipwrecks. 
MMS are increasingly proposed to address issues facing marine planners, including augmenting fish stocks 
through the creation of artificial reefs and the repurposing of redundant offshore oil and gas infrastructure (‘rigs 
to reefs’). Marine spatial planning is a highly contested process, characterised by multiple stakeholders with 
often divergent priorities due to competing objectives and values. Understanding stakeholder perspectives in 
relation to MMS is therefore critical in formulating appropriate policies. This review presents the first systematic 
and comprehensive integration of information from academic journals and ‘grey’ literature relating to social and 
economic values and perceptions of MMS. The review identifies that, despite advocacy for research on social and 
economic values of MMS, there are significant gaps in knowledge, in particular relating to comparative assess-
ments of stakeholder values across different types of MMS. Priority areas for future research are highlighted.   

1. Introduction 

The term ‘man-made structures’ (MMS) is commonly used to refer to 
any artificial structure in the coastal and marine environment, encom-
passing jetties, breakwaters, shipwrecks, aquaculture facilities, oil and 
gas infrastructure, pipelines, wind turbines and artificial reefs amongst 
others (Lemasson et al., 2021). The continued growth in the blue 
economy, most notably in the aquaculture and renewable energy sec-
tors, is likely to increase the total spatial coverage of MMS from 32,000 
km2 in 2018, equivalent to 2.4% of the world’s maritime exclusive 
economic zones, to 39,400 km2 by 2028 (Bugnot et al., 2021). 

The offshore wind sector has expanded dramatically in recent years, 
experiencing an annual growth rate of 24% from 2013 to 2019 with 
capacity totalling over 29 GW in 2019 (Global Wind Energy Council, 
2020). Reflecting the universal need to meet greenhouse gas emission 
reduction targets, the widespread availability of cheap technology and 
the development of new concepts such as ‘offshore energy islands’, the 
total capacity of the offshore wind sector is expected to exceed 200 GW 
by 2030 (Global Wind Energy Council, 2020). Recent research indicates 

that the perceived urgency to develop offshore wind resources may lead 
to an imbalance in marine spatial planning processes, resulting in the 
exclusion of other users (Spijkerboer et al., 2020). This underlines the 
need to accommodate the interests of the wind energy sector alongside 
other users of marine space and to ensure that, wherever possible, 
multiple and sustainable usage is promoted. 

Oil and gas infrastructure, including both pipelines and rigs, 
constitute a significant component of the total offshore construction 
footprint (Bugnot et al., 2021). This is of particular significance as, un-
like most other types of offshore infrastructure, these installations have a 
limited lifespan, reflecting the availability and cost-effectiveness of hy-
drocarbon extraction and the conditions of the leases under which 
extraction is permitted. In addition, fluctuations in the price of oil and 
gas together with climate change policies may introduce additional in-
centives in the decision to retire or ‘decommission’ offshore production 
facilities. Decommissioning refers to the entirety of processes involved 
in capping wells and removing all pipelines and platform infrastructure. 
The financial implications of full infrastructure removal are consider-
able, with recent estimates indicating that the global cost of 
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decommissioning could reach $42 billion by 2024 (Rystad Energy, 
2020). This issue is exacerbated by the worldwide lack of experience in 
the relatively new field of offshore decommissioning and the unique 
complexity of the task at each individual location (Parente et al., 2006). 

Whilst the 1996 Protocol to the London Dumping Convention pro-
hibits the dumping, abandonment or toppling of oil and gas infrastruc-
ture at sea for the sole purpose of disposal, it does allow for signatory 
parties to consider other decommissioning options that are not contrary 
to the aims of the Protocol (Techera and Chandler, 2015). Such options 
may range from leaving the entire structure in place, moving the 
structure to a new location, partial removal, toppling, or a combination 
of the above (Fowler et al., 2014). It is therefore not surprising that the 
oil and gas sector has been exploring cheaper options of in situ 
decommissioning, also referred to as ‘reefing’ or the ‘rigs to reefs’ 
alternative. 

This terminology reflects the fact that artificial marine structures 
provide a hard substrate for rapid colonisation by invertebrates, allow-
ing a complex habitat supporting various trophic levels to become 
established in less than 10 years (van Elden et al., 2019). Underwater 
surveys have recorded significantly higher fish abundance and diversity, 
including commercially valuable species, along pipelines and oil and gas 
infrastructure to depths of around 135 m (Bond et al., 2018; McLean 
et al., 2018). Moreover, recreational and commercial fishing is pro-
hibited in the vicinity of offshore infrastructure in some countries such 
as the UK and Australia, leading to oil and gas platforms functioning as 
de facto fully protected marine reserves. A recent survey concluded that 
full removal of oil and gas platforms would reduce fish biomass at each 
site by at least 95%, as compared to a reduction of 10% associated with 
partial removal (Meyer-Gutbrod et al., 2020). 

In situ options therefore reduce the financial costs of decom-
missioning which would be borne by governments and the private 
sector, whilst offering new opportunities to conserve marine habitats 
and species which would otherwise be destroyed through complete 
removal. These must be balanced with considerations of the potential for 
pollution arising from the leakage of contaminants from within the oil 
and gas materials structure and the potential further spread of invasive 
species found in association with oil and gas infrastructure (MacIntosh 
et al., 2021; Melbourne-Thomas et al., 2021). In situ decommissioning 
has only been pursued in a limited number of production areas, most 
notably the Gulf of Mexico where over 500 platforms have been con-
verted to artificial reefs under the 1984 US Congress National Fishing 
Enhancement Act (Bureau of Safety and Environmental Enforcement, 
2000). By contrast, the OSPAR regional convention which covers the 
North Sea production field requires full removal of redundant oil and gas 
infrastructure whilst also only permitting artificial reefs to be installed 
using new materials, reflecting a longstanding narrative against in situ 
decommissioning based around the Brent Spar experience in the North 
Sea in the mid 1990s (Jørgensen, 2012; Ounanian et al., 2020). Full 
removal of infrastructure is the default requirement in Australian waters 
under the Offshore Petroleum and Greenhouse Gas Storage Act 2006, 
although alternatives can be considered, provided they demonstrate 
equal or better environmental and safety outcomes (Department of In-
dustry, Science, Energy and Resources, 2018). 

Public views, including personal values arising from the use or ex-
istence of offshore artificial structures, and perceptions of the issues and 
opportunities associated with their presence in the marine environment, 
clearly play an integral role in determining the success or failure of 
marine planning. It is therefore essential to understand the nature and 
drivers of social and economic values and perceptions held by stake-
holders with reference to MMS for the development of evidence-based 
management policies. This paper contributes to this objective through 
providing the first systematic review of academic and grey literature 
relating to public social and economic values associated with MMS. We 
show that, despite the relative dearth of primary data, some consistent 
values can be identified but there remains considerable progress to be 
made in key areas in order that management of MMS reflects 

stakeholder needs in the broader marine spatial planning context. 

2. Literature review 

2.1. Methodology 

A review of academic and grey literature exploring the topic of so-
cioeconomic values and man-made marine structures was conducted 
between June and September 2019. Web of Science, Scopus and Google 
Scholar databases were searched using synonyms for ‘economic value’, 
‘social value’, ‘man-made marine structure’, ‘structure user’ and 
‘structure objectives’. These terms were based on existing literature and 
recommendations from technical experts. 

The academic and grey literature search returned a total of 689 ar-
ticles. All articles’ abstracts were then screened to include only those 
papers published in English from reputable academic, government or 
professional organisations with a clear focus on social or economic 
values of MMS and whose full texts could be accessed via the authors’ 
institutions. This yielded a total of 104 papers, 75 of which related to 
social values and 29 dealing with economic values. These were then 
searched for additional references which met the screening criteria 
above, resulting in 123 papers examining social values and 35 focusing 
on economic values. All of these were subjected to a full text analysis to 
identify papers which provided detailed information relating to social or 
economic values which could be attributed to a user group and/or MMS 
type. A final suite of 31 articles addressing social values and 34 
addressing economic values were identified (Fig. 1). All economic values 
papers were from the academic literature, with the grey literature 
providing five of the social values papers. Full details of the above 
methodology and a summary of all papers in the final suite are provided 
in the Supplementary material. 

The 31 papers detailing social values of MMS were analysed to 
extract information on the country and year of study; MMS types; 
stakeholder groups; methods of stakeholder engagement; methods of 
social value assessment; and findings in relation to social value by 
stakeholder groups. The concept of social value is diffuse and context- 
specific, with many different approaches adopted to characterise and 
measure the values held by stakeholder groups. Thus, research themes 
covered within the social literature were identified via an inductive 
approach, listing the social value research question of each paper, and 
collating into research themes. Three core themes were identified, and 
sub-themes were also constructed, where relevant, to capture further 
variation in research focus. 

The 34 articles examining economic values of MMS were analysed to 
identify the country and year of study; MMS type; the measured value 
type(s); valuation method(s); valuation context or question; and 
willingness-to-pay estimate. All value estimates were converted to 2019 
USD values using the Consumer Price Index for the relevant countries 
(World Bank, 2019) and an online currency converter (www.xe.com). 

3. Social values 

3.1. Geographic scope, structure types and stakeholder groups 

Of the 31 papers on social values of MMS identified through the 
review, 17 were published since 2015. The geographic focus of the 
research was predominantly Australia, the United States, and the United 
Kingdom (19 studies). Other papers covered Brazil, France, Israel, 
Norway, the Philippines and Portugal or were global in their extent. 
Artificial reefs were the predominant MMS in almost half of all the pa-
pers whilst either recreational or commercial fishers were the target 
stakeholder group in over half of all papers reviewed. 

3.2. Themes in social values and perceptions 

Three dominant research themes were identified in the social values 
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literature, namely: a) stakeholder use and satisfaction with MMS; b) 
social values associated with MMS; and c) stakeholder perceptions of 
MMS. In addition, three sub-themes were identified within both the 
‘social values’ and ‘stakeholder perceptions’ themes. Further details of 
these themes and their occurrence across the literature is provided in the 
Supplementary materials. 

3.2.1. Use and satisfaction 
The predominant focus in this collection of papers was on recrea-

tional divers’ use of artificial reefs, with a particular focus on the re-
lationships between divers’ background (e.g. dive experience) and site 
satisfaction (e.g. natural versus artificial reefs or habitat preferences). 
Most papers dealt with case studies from the United States and neigh-
bouring countries together with Israel and France (Murray and Betz, 
1994; Ditton et al., 2002; Stolk et al., 2007; Shani et al., 2012; 
Kirkbride-Smith et al., 2013; Tessier et al., 2015; Belhassen et al., 2017; 
ten Brink and Dalton, 2018; Montes et al., 2019). The studies indicated 
that artificial reefs were favoured over natural reefs owing to the relative 
ease of access, although levels of satisfaction with artificial reefs were 
found to decline with diver experience (Belhassen et al., 2017). Recre-
ational divers valued subjective elements associated with artificial reefs 
such as the opportunity to witness the range of underwater biodiversity, 
gain a different experience and take photographs (Ditton et al., 2002; 
Kirkbride-Smith et al., 2013). Shipwrecks were the preferred type of 
artificial reef, followed by oil and gas infrastructure (Murray and Betz, 
1994; Ditton et al., 2002; Kirkbride-Smith et al., 2013). Overcrowding 
was the main source of dissatisfaction, with some respondents indicating 
that zoning was needed to reduce conflict between recreational divers 
and recreational fishers (Ditton et al., 2002). Access was particularly 
noted as impacting recreational fishers’ experience around a wind farm, 
relating to loss of access during construction and difficulties in naviga-
tion following construction (ten Brink and Dalton, 2018). 

3.2.2. Social values of MMS 
Despite the limited number of papers in this category, a range of 

types of MMS were covered, including artificial reefs, natural reefs, sea 
walls, offshore wind farms and oil and gas infrastructure. Furthermore, 
these articles encompassed data from a broad range of stakeholder 
groups (recreational and commercial fishers, divers, tourism sector 
representatives, environmental groups and various government in-
stitutions). Study sites were predominantly from the global North, 
including the United States, the United Kingdom, Australia and 
Portugal. 

Three sub-themes within this category were identified. A focus on 
social wellbeing, which integrates both material and non-material out-
comes associated with MMS, was explored in four papers (Ramos et al., 
2007; Morris et al., 2016; Barclay et al., 2017; Voyer et al., 2017). 
Another sub-theme examined the interests of different stakeholder 
groups and how these interests supported or hindered the imple-
mentation of offshore MMS (Schroeder and Love, 2004; Ramos et al., 
2011). A third sub-theme focused on values derived from the asset or 
resource more broadly (Pike et al., 2010; Evans et al., 2017). 

Due to the variety of MMS and stakeholder groups involved, trends in 
social values by stakeholder group or structure type could not be iden-
tified from the literature captured in the review. The reported social 
values, do however, indicate stakeholder values are likely contingent on 
MMS structure type. For example, divers valued the diversity of species 
associated with artificial reefs (Ramos et al., 2007) whilst recreational 
fishers’ values were affected by the presence or absence of commercial 
fishers on natural reefs (Barclay et al., 2017). Sea defences were valued 
according to net overall benefits in terms of economic cost and ecolog-
ical impacts (Evans et al., 2017). Furthermore, stakeholder groups’ 
values may be influenced by less tangible factors than structure type, as 
demonstrated by Voyer et al. (2017) in their finding that the presence of 
a commercial fishing industry was positively associated with tourists’ 
experience of a location. Access was again identified as a key factor 
influencing values relating to decommissioning of oil and gas infra-
structure (Schroeder and Love, 2004). 

3.2.3. Social perceptions of MMS 
As outlined above, the values held by individuals shape their ex-

pressions of opinion or ‘perceptions’ in relation to external objects. 
Perceptions in relation to MMS are thus informed by individual values 
but may be easier to identify and quantify than values, and consequently 
recurred far more frequently in the literature review. Most studies 
related to perceptions of either artificial reefs or offshore wind farms, 
with many studies focusing on multiple stakeholders. Again, the 
research was conducted in a limited number of countries including the 
United States, Australia, and the United Kingdom. 

Three sub-themes were identified within this theme. The first 
involved a focus on perceived benefits, conflicts, and awareness of MMS 
in general (Murray and Betz, 1994; Ditton et al., 2002; Ramos et al., 
2007; Shani et al., 2012; Hooper et al., 2015, 2017; Tessier et al., 2015; 
Andriesse, 2018; ten Brink and Dalton, 2018; Kienker et al., 2018; Lima 
et al., 2018). The second sub-theme examined issues of resource access 
to an MMS site and its surrounding habitat (Sutton and Bushnell, 2007; 
Ammar et al., 2009; Hooper et al., 2015; Kruse et al., 2015). The final 
sub-theme involved the identification of priority issues or threats asso-
ciated with MMS (Cripps and Aable, 2002; Leeworthy et al., 2004; 
WAFIC, 2017; Shaw et al., 2018). 

It was apparent amongst many of these papers that the majority of 
stakeholders were aware of the biodiversity benefits associated with the 
presence of MMS. However, Ramos et al. (2007) noted that scientists 
tended to be more optimistic about these benefits than other user 
groups. Commercial fishers in particular voiced concerns relating to 
access, damage to fishing gear and resulting compensation associated 
with MMS, with most favouring full removal of offshore oil and gas 
infrastructure (Hooper et al., 2015; Kruse et al., 2015). Ramos et al. 
(2011) also noted that positive user experiences shaped divers’ per-
ceptions of artificial reefs. 

3.3. Summary 

The concept of ‘wellbeing’ is receiving increased attention as a 

Fig. 1. Literature review process.  
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means of exploring what is valued by society, encompassing material 
(for example income, wealth, livelihoods), subjective (satisfaction, 
hopes, fears) and relational (networks, identities and influence) di-
mensions (White, 2010). This has been elaborated on by Weeratunge 
et al. (2014) to produce a model of social wellbeing which superimposes 
these three dimensions on micro (individual), meso (community/r-
egion) and macro (socio-ecological system) scales. We utilised this 
framework to depict the range of social values identified through the 
literature review with respect to MMS to provide a framework for future 
analysis of social values, as depicted in Fig. 2. Thus, at the macro scale, 
we locate values associated with satisfaction with the policy environ-
ment and ecosystem health benefits of MMS in the relational and sub-
jective categories respectively. Material values associated with tourism 
and employment benefits of MMS are situated at the meso scale, along 
with subjective values involving inter-generational benefits and the 
ecological connectivity of MMS structures and relational values linked to 
cultural benefits of MMS, and conflict or co-operation over their usage. 
At the micro scale, individuals hold a wider range of values associated 
with MMS, with a noticeable leaning towards subjective values 
including personal experience, memories, satisfaction, and associations 
of identity with MMS. Rights of access, quantity of fishing catch and 
personal income are micro-level material values that stakeholders 
associate with MMS. Finally, there is evidence that MMS hold 
micro-level relational values through acting as a foci for social 
interaction. 

4. Economic values 

The literature search identified 34 studies that quantified the eco-
nomic value that MMS provide to stakeholders such as divers, recrea-
tional and commercial fisheries, the general public, and other user 
groups. These papers date back to 1973 and exhibit a gradual increase in 
publication frequency over time, with 15% published in the last five 

years. The most common structure types investigated were purpose built 
artificial reefs (18 studies) and shipwrecks (15 studies). We also found 
six studies on offshore oil and gas platforms and one on offshore wind 
turbines. While the literature includes economic valuation studies from 
all over the world, half of these studies were conducted on field sites in 
the USA. All 34 articles quantified direct use values (19 extractive use 
values and 17 non-extractive use values), whilst non-use values were 
assessed by only two studies. None of the studies estimated indirect use 
values, even where the context of the studies could be relevant e.g. 
coastal protection. 

4.1. Direct use values 

MMS have been found to generate direct use values in terms of 
business revenues from extractive uses such as commercial fishing 
(Brock, 1994; Vivekanandan et al., 2009; Islam et al., 2014) and recre-
ational fishing (Buchanan, 1973; Milon, 1988; Morgan et al., 2018; 
Brandini, 2014). For example, Buchanan (1973) estimated that an 
artificial reef in South Carolina, USA caused an increase of 10% in the 
gross economic contribution of marine recreational fishing in the region. 
In the Gulf of Mexico, a significant part of the commercial harvest of 
snappers originates from oil and gas platforms (Bull and Love, 2019). 
Moreover, Kolian et al. (2018) estimated that in the Gulf of Mexico, a 
sustainable harvest of aquarium fish could yield approximately USD 1.4 
million per oil and gas platform per year. They also point out that there 
is an unknown value in novel pharmaceutical and/or nutritional prod-
ucts that could be sourced from marine invertebrates that grow on oil 
and gas platforms. However, (Islam et al., 2014) found that benefits 
from artificial reefs in Malaysia, including oil and gas structures, were 
unequally distributed among artisanal fishers and suggest that sustain-
able fisheries management within the artificial reef development should 
ensure economic benefits for the local fishing communities. 

MMS also provide business revenues through non-extractive uses 

Fig. 2. Model of social values of MMS derived from the literature. 1 = micro (local) scale, 2 = meso (regional) scale, 3 = macro (national/global) scale. 
Adapted from Weeratunge et al. (2014). 
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such as scuba diving (Ditton et al., 2002; Dowling and Nichol, 2001; 
Leeworthy et al., 2006). For example, Dowling and Nichol (2001) ana-
lysed the expenditures from dive tourists that visit the HMAS Swan 
shipwreck in Western Australia and estimated the annual economic 
impact to be USD 1.39 million. Johns et al. (2001) estimated that 
shipwrecks in Southeast Florida provide 26,800 jobs for the tourism 
industry and are generating USD 2.4 billion of revenue annually. A 
similar study from Bell et al. (1998) showed that artificial reefs in 
Northwest Florida have an annual impact of USD 415 million annually 
and provide 8100 jobs for the dive tourism industry. Hiett and Milon 
(2002) found that recreational fishing and diving associated with oil and 
gas facilities in the Gulf of Mexico not only generated USD 324.6 million 
in annual economic revenues, but also provided employment for 
approximately 5560 full time equivalents. Both fishing charter and dive 
tour operators considered the presence of oil and gas structures to be 
very important to their businesses. 

Two articles compared economic values of commercial fishing 
opposed to recreational and/or tourism activities on shipwrecks (Brock, 
1994; Crabbe and Mcclanahan, 2006). Both studies found that the rev-
enues generated from recreation and tourism greatly exceed those from 
commercial fishing. 

4.2. Non-market direct use values 

In addition to business revenues, MMS can provide economic bene-
fits in terms of increased user satisfaction (consumer surplus). Mcgurrin 
and Fedler (1989) found that the increase in catchability and/or catch 
rate around oil and gas platforms in the USA improves satisfaction of 
recreational fishers which translated into fishers on oil and gas platforms 
being willing to pay more (USD 19.38) than non-platform fishers (USD 
10.00) for another artificial reef site. 

Users also can value how MMS alleviate user pressure on natural 
reefs. For example, Hannak et al. (2011) found less experienced snork-
ellers (who are more likely to damage reefs) were willing to pay for a 
snorkel trail built to prevent tourists from trampling on and harming 
natural reefs. Moreover, the siting of artificial reefs can allow for safer 
conditions than on some natural sites. Christie (2009) assessed the 
economic value associated with safer swimming conditions and found 
that members of a community in Wales held significant values for a 
multipurpose reef which would provide such conditions. Likewise, 
Taiwan residents were willing to pay about USD 13 per recreational 
fishing and diving trip for access to an artificial reef zone that provides 
safer conditions than surrounding areas (Chen et al., 2013). 

4.3. Comparison of values for MMS and natural marine habitat 

Nine studies compared economic values related to MMS with those 
from non-MMS sites, six of which recorded higher economic values on 
MMS than on adjacent areas (Johns et al., 2001, Vivekanandan et al., 
2006, Whitmarsh et al., 2008, Oh et al., 2008, Kasim et al., 2013, 
Kirkbride-Smith et al., 2016). Notably, Kasim et al. (2013) found that 
the revenues of commercial fishers in India were over twice as high on 
artificial reefs compared to non-artificial reef areas, whilst Johns et al. 
(2001) observed that recreational divers in South-East Florida were 
willing to pay over twice as much to protect natural reefs (USD 229.3 
million/year) than to protect a shipwreck (USD 85.1 million/year). 
However, Huth et al. (2015) found that dive tourists in Florida had a 
higher willingness to pay for a dive trip to a shipwreck (USD 368) than to 
natural reefs (USD 300), whilst Islam et al. (2014) found that the 
monthly fishing income from artisanal fishers on an artificial reef in 
Malaysia was lower than on adjacent natural reefs. 

4.4. Non-use values 

MMS can enhance marine habitat and therefore improve the biodi-
versity and/or abundance of marine life on and around them. People 

who value these natural benefits can be willing to pay for maintaining 
artificial structures, even when they do not use them. Börger et al. 
(2015) estimated the willingness to pay of residents in Ireland for an 
increase in biodiversity on an offshore wind farm. They found people 
were willing to pay GBP 7.25 and GBP 14.83 per person for an increase 
of ten and 30 species around the wind farm respectively. Hicks et al. 
(2004) found a positive attitude towards oyster reef restoration pro-
grams in the USA and estimated that residents were willing to pay USD 
86.68 per year to fund oyster reef programs although they may not 
necessarily use these reefs. 

4.5. Summary 

It is evident that studies of the economic value of MMS have been 
focused on shipwrecks and artificial reefs in the Global North and have 
prioritised direct use values. These have shown that economic benefits 
accrue to both extractive and non-extractive users. Whilst the magnitude 
of these varies significantly across case study sites, there exists evidence 
that recreational fishing and tourism are associated with higher reve-
nues from MMS. There remains very little knowledge concerning non- 
use values, despite the wide range of ecosystem services associated 
with MMS (Ramos et al., 2021). 

5. Discussion 

Values and perceptions are informed by the perceived and actual 
benefits, risks and opportunities associated with MMS, which may be a 
combination of social (material, relational and subjective) and economic 
(use value, non-use value). The literature review first and foremost 
demonstrated that there are very few examples of research that attempt 
to measure both social and economic values of MMS, despite the long- 
established interlinkages between these (Cohen, 1987). The only 
paper found in this review to attempt such an integrated approach 
focused on one stakeholder group and one type of MMS (Ramos et al., 
2007). It is evident that future research should adopt approaches which 
bridge this gap to better understand the drivers of public acceptance of 
MMS. 

There are clear gaps in the coverage of both MMS and stakeholder 
groups which are highlighted by this review. Artificial reefs were the 
predominant MMS structure and recreational fishers and divers were the 
most common stakeholder group across the social and economic values 
literature. Whilst the latter may reflect direct use patterns, other 
stakeholder groups may hold contrasting values and perceptions, 
particularly the conservation community, that were rarely reflected in 
the literature. Furthermore, the focus on artificial reefs neglects the 
other types of MMS, particularly offshore wind farms which are pro-
jected to account for the majority of growth in MMS coverage into the 
future (Bugnot et al., 2021). There is a pressing need to understand 
stakeholder views on the options for decommissioning oil and gas 
infrastructure, which is under-represented in the literature, along with 
those associated with new forms of MMS involving eco-engineering of 
existing coastal infrastructure (O’Shaughnessy et al., 2020). 

There is an evident lack of understanding of the nature and extent of 
heterogeneity of stakeholder views within groups. Some studies imply 
this, with a recognition of factors such as personal experience influ-
encing diver satisfaction, but there are no systematic treatments of how 
and why and to what extent views may differ within stakeholder groups 
in the MMS literature. Such an approach would facilitate policy through 
identifying the drivers behind acceptance or rejection of MMS within 
key stakeholder groups. In relation to this, there were no studies 
exploring how or why views and perceptions may change over time in 
relation to MMS. As the footprint of MMS in the nearshore zone in-
creases, it is essential to understand how this cumulative process affects 
changes in individual values and perceptions associated with man-made 
marine infrastructure. 

Finally, this review has demonstrated the overwhelming focus on the 
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Global North in relation to social and economic values of MMS. This 
demonstrates a lack of knowledge regarding stakeholders more 
commonly found in the Global South such as artisanal fishers, whilst also 
precluding an understanding as to how Indigenous groups in both 
developed and developing countries perceive and value offshore marine 
structures. 

6. Conclusion 

Whilst humans have modified coastlines for thousands of years, the 
spread of artificial construction offshore to exploit energy and mineral 
resources and construct telecommunications networks has developed 
rapidly in the past few decades. The unintended consequences of 
offshore construction include a variety of ecosystem services and asso-
ciated socio-economic benefits through habitat creation which poten-
tially accrue to a wide range of stakeholders. This presents new areas of 
potential conflict in marine spatial planning, extending into disputed 
issues of legal liability for offshore construction and raising questions 
over established principles and norms relating to artificial marine 
structures. Understanding the social and economic values and percep-
tions of stakeholders with regards to offshore marine structures is 
therefore essential to guide policy-makers. 

This review has identified social and economic values, placed social 
values within the social-wellbeing framework, and identified significant 
gaps in research, including an absence of integrated social and economic 
research, and a paucity of multi-stakeholder and multi-structure as-
sessments. The findings provide a foundation to explore the socio- 
economic values of MMS, through for example, applying the model of 
social values in future research (see Fig. 1). Expanding the present focus 
from individual resources and users towards social and economic as-
sessments that capture multiple structures and user groups, including 
those in the Global South, will provide a more accurate representation of 
the current situation. Such information will build a greater under-
standing of the social and economic consequences arising from the 
increasing prevalence of offshore marine structures. 
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Weeratunge, N., Béné, C., Siriwardane, R., Charles, A., Johnson, D., Allison, E.H., 
Nayak, P.K., Badjeck, M.C., 2014. Small-scale fisheries through the wellbeing lens. 
Fish Fish. 15 (2), 255–279. 

White, S.C., 2010. Analysing wellbeing: a framework for development practice. Dev. 
Pract. 20, 158–172. 

Whitmarsh, D., Santos, M.N., Ramos, J., Monteiro, C.C., 2008. Marine habitat 
modification through artificial reefs off the Algarve (southern Portugal): an 
economic analysis of the fisheries and the prospects for management. Ocean Coast. 
Manag. 51, 463–468. 

World Bank, 2019. Inflation Calculator. 〈https://data.worldbank.org/indicator/FP.CPI. 
TOTL.ZG〉. 

C.E. Elrick-Barr et al.                                                                                                                                                                                                                          

http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref33
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref33
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref34
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref34
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref34
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref35
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref35
https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/archive/science/socioeconomic/floridakeys/pdfs/impsat.pdf
https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/archive/science/socioeconomic/floridakeys/pdfs/impsat.pdf
https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/archive/science/socioeconomic/floridakeys/pdfs/impsat.pdf
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref36
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref36
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref36
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref36
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref37
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref37
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref37
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref38
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref38
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref38
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref39
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref39
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref40
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref40
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref40
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref41
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref41
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref41
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref42
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref42
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref42
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref43
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref43
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref44
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref44
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref44
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref45
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref45
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref45
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref46
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref46
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref46
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref47
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref47
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref48
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref48
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref48
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref48
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref48
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref49
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref49
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref50
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref50
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref50
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref51
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref51
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref51
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref52
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref52
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref53
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref53
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref53
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref54
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref54
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref54
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref55
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref55
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref55
https://www.rystadenergy.com/newsevents/news/press-releases/global-oil-gas-decommissioning-costs-to-total-&dollar;42-billion-through-2024-dominated-by-uk-north-sea
https://www.rystadenergy.com/newsevents/news/press-releases/global-oil-gas-decommissioning-costs-to-total-&dollar;42-billion-through-2024-dominated-by-uk-north-sea
https://www.rystadenergy.com/newsevents/news/press-releases/global-oil-gas-decommissioning-costs-to-total-&dollar;42-billion-through-2024-dominated-by-uk-north-sea
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref56
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref56
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref56
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref57
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref57
http://www.marinescienceblueprint.org.au/
http://www.marinescienceblueprint.org.au/
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref58
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref58
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref58
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref59
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref59
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref60
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref60
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref60
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref61
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref61
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref61
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref62
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref62
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref62
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref63
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref63
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref63
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref64
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref64
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref65
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref65
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref66
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref66
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref66
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref66
https://www.wafic.org.au/offshore-stakeholder-consultation-environment-plans-nopsema-update-commercial-fishers/
https://www.wafic.org.au/offshore-stakeholder-consultation-environment-plans-nopsema-update-commercial-fishers/
https://www.wafic.org.au/offshore-stakeholder-consultation-environment-plans-nopsema-update-commercial-fishers/
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref67
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref67
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref67
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref68
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref68
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref69
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref69
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref69
http://refhub.elsevier.com/S1462-9011(21)00361-0/sbref69
https://data.worldbank.org/indicator/FP.CPI.TOTL.ZG
https://data.worldbank.org/indicator/FP.CPI.TOTL.ZG

	Man-made structures in the marine environment: A review of stakeholders’ social and economic values and perceptions
	1 Introduction
	2 Literature review
	2.1 Methodology

	3 Social values
	3.1 Geographic scope, structure types and stakeholder groups
	3.2 Themes in social values and perceptions
	3.2.1 Use and satisfaction
	3.2.2 Social values of MMS
	3.2.3 Social perceptions of MMS

	3.3 Summary

	4 Economic values
	4.1 Direct use values
	4.2 Non-market direct use values
	4.3 Comparison of values for MMS and natural marine habitat
	4.4 Non-use values
	4.5 Summary

	5 Discussion
	6 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


