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Maritime industries routinely collect critical environmental data needed for sustainable management of marine
ecosystems, supporting both the blue economy and future growth. Collating this information would provide a
valuable resource for all stakeholders. For the North Sea, the oil and gas industry has been a dominant presence
for over 50 years that has contributed to a wealth of knowledge about the environment. As the industry begins to
decommission its oﬀshore structures, this information will be critical for avoiding duplication of eﬀort in data
collection and ensuring best environmental management of oﬀshore activities. This paper summarises the
outcomes of a Blue Growth Data Challenge Workshop held in 2017 with participants from: the oil and gas
industry; the key UK regulatory and management bodies for oil and gas decommissioning; open access data
facilitators; and academic and research institutes. Here, environmental data collection and archiving by oil and
gas operators in the North Sea are described, alongside how this compares to other oﬀshore industries; what the
barriers and opportunities surrounding environmental data sharing are; and how wider data sharing from oﬀshore industries could be achieved. Five primary barriers to data sharing were identiﬁed: 1) Incentives, 2) Risk
Perception, 3) Working Cultures, 4) Financial Models, and 5) Data Ownership. Active and transparent communication and collaboration between stakeholders including industry, regulatory bodies, data portals and
academic institutions will be key to unlocking the data that will be critical to informing responsible decommissioning decisions for oﬀshore oil and gas structures in the North Sea.

1. Introduction
In an era of rapid global change and increasing international regulations, comprehensive environmental datasets are required to
manage marine economic activities and facilitate blue growth (i.e. the
long-term strategy to support sustainable growth in the marine and

⁎

maritime sectors, [12], https://ec.europa.eu/maritimeaﬀairs/policy/
blue_growth_en). For the North Sea, a basin with a long history of
economic exploitation now entering a period of transition, this is a
particularly pertinent issue. Whilst the shipping, ﬁshing, and oil and gas
industries have dominated the basin historically, the use of, and stakeholders in, the North Sea are diversifying [39]. For example, oﬀshore
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natural variation. The position of the North Sea as the mixing point
between water masses makes it a region of high climatic variation. It is
strongly inﬂuenced by the North Atlantic Oscillation (NAO, [41]) which
drives changes in species distributions and environmental conditions
over relatively short time frames [11,17]. Long-term and broad scale
trends in ecological variability, together with an understanding of
causes of variation, are necessary to assess environmental quality [16].
It is also likely that the environmental baseline is shifting due to climate
change [22]. Deciphering human impacts in this dynamic ecosystem is
further confounded by a long history of human activity (notably ﬁshing,
see [28]), but a relatively short history of environmental monitoring.
Only with the data to provide a holistic overview of North Sea ecology
can environmental surveys and assessments be compared to an appropriate baseline.
Extensive eﬀorts have been made in recent years to collect and
collate marine environmental data at local, national and international
levels. The most relevant of these projects for the North Sea is
EMODnet: the European Marine Observation and Data Network [5].
EMODnet is a network of organisations funded by the European Maritime and Fisheries Fund (EMFF) as part of the European Commission's
Marine Knowledge 2020 strategy to support the implementation of EU's
Integrated Maritime Policy (IMP). The overarching aim of the network
is to convert Europe's otherwise fragmented marine data landscape into
an interoperable data sharing framework, adopting the “collect once,
use many times” data philosophy (INSPIRE Directive 2007/2/EC). This
is achieved by pulling together Europe's many data sources [45], processing and harmonising the data in accordance with international
standards, and making the information freely available through online
data portals. EMODnet categorises data by scientiﬁc discipline
(geology, biology, chemistry, physics) and by general thematic categories such as seabed habitats, bathymetry and human activities. These
thematic data portals are supplemented by an overarching central
portal (www.emodnet.eu) which acts as an information hub and
gateway to the network's data and information resources. It also provides a number of additional data services to browse, visualise and
retrieve data layers from various disciplines and themes simultaneously. The work is achieved by more than 150 organisations including national/regional data centres, hydrographic oﬃces, geological
services and thematic data aggregators that collate, process and host
data that is then made available through both their own websites and
the EMODnet portals. For example, MEDIN (Marine Environmental
Data Information Network, http://www.oceannet.org/) facilitates and
coordinates UK marine environmental data sharing. At present, the data
standards employed by MEDIN for UK datasets exceed those set by
EMODnet and, for now, it is understood that MEDIN will remain part of
the EMODnet network after the UK leaves the EU [34].
EMODnet has amassed datasets for a wide range of environmental
parameters. The North Sea basin is now one of the best-covered marine
areas in Europe for environmental monitoring. However, a recent
“stress test” of available datasets to assess a range of environmental
scenarios identiﬁed key data gaps and questions over data quality and
comparability [23]. Geological, chemical and physical datasets were,
for the most part, available and compatible across the basin, however,
habitat information and biological and ecological parameters were
found to be much more diﬃcult to obtain, collate and standardise.
Time-series datasets monitoring species distributions and populations
over time are rare, and the occurrence of unidentiﬁed organisms, which
are not recorded in a standardised way, in datasets can limit their use
[50]. Qualitative data can be diﬃcult to standardise and quality control
(including species identiﬁcation, [48]), and these datasets often tend to
be more problematic to identify and access than quantitative data (e.g.
weather measurements).
Gaps in available marine environmental data arise for two main
reasons. One is a genuine monitoring gap, i.e. the data have never been
collected. Whilst this may be the primary cause of data gaps in other
seas, the North Sea has seen many studies, monitoring surveys and

renewables, marine biotechnology, cruise tourism, maritime surveillance, aggregates dredging and large-scale oﬀshore aquaculture [39]
have emerged in recent decades, with new activities under development. The management and decommissioning of redundant oil and gas
infrastructure provides an excellent case study to explore how environmental considerations are balanced against economic realities and
whether society has access to adequate scientiﬁc data to underpin
management decisions [29]. To achieve the best outcomes, decisions on
the timescale, methodology and monitoring of decommissioning must
be supported by sound environmental data. The big challenge is to
collect, collate and interpret the data required at appropriate spatial
and temporal scales across the North Sea to make informed decisions.
The North Sea is a shared resource between Belgium, Denmark,
France, Germany, the Netherlands, Norway and the United Kingdom.
These states include part of the North Sea in their territorial waters and
other EU Member States have claims to its resources (e.g. through
ﬁshing quotas). Oil and gas reserves have been exploited near the coast
since the 1850s [7] and commercial oﬀshore exploration began in
earnest in the 1960s. North Sea oil and gas exploration and production
is ongoing, but after over 40 years of production the more mature ﬁelds
are now being decommissioned. To date, the oil and gas industry has
brought economic growth to the region, for example to the UK through
an estimated 375,000 jobs and over £100 billion in tax revenue between 1998 and 2014 ([15], other estimates vary). By contrast, decommissioning is expected to cost the UK state and private companies
£40 billion by 2040 [35], before opening areas of the North Sea that
have been exclusively exploited by the oil and gas sector for 50 years to
new economic activities. Decommissioning of oﬀshore structures will
be an important environmental and economic issue with competing
priorities from stakeholders. The options for decommissioning each rig
in the North Sea will vary by installation as each has individual characteristics; however, each decision needs to consider the wider ecological context. By collating the environmental data the industry has
amassed since the 1970s, there is the potential to reduce the costs of
assessing decommissioning scenarios for individual installations, more
readily inform stakeholders of the environmental costs and beneﬁts of
each approach and build public trust that wider environmental considerations are incorporated into the decision-making process.
This paper aims to highlight the emerging themes and issues associated with collection and access to environmental data for the North
Sea. It focuses on the long-term management of environmental data
collected by the oil and gas industry, whilst drawing on examples from
other industries. The discussions are the result of a North Sea Blue
Growth Data Challenge workshop held in February 2017 and organised
by the University of Edinburgh through the INSITE research programme
(see Acknowledgements). Discussion workshops have proven value
when promoting the integration of monitoring activities across North
Sea countries [46]. The overall objective of the workshop was to bring
together members of the scientiﬁc community, government regulators
and the oil and gas industry to discuss the challenges and opportunities
surrounding data relevant to decommissioning; and the issues surrounding sourcing and maintaining environmental data for the oﬀshore
energy industries. Over 30 representatives from industry, academia,
online data portals, government science and regulators attended with
discussion including the current availability of environmental data for
the North Sea, example case studies from academia using industry data,
potential quick wins and long term aims. Each presentation block was
followed by a semi-structured breakout discussion giving the three
themes addressed in this paper: (1) the present situation and challenges;
(2) the opportunities; (3) the best way forward to promote and enable
sharing environmental data.
2. Present situation and challenges
The North Sea requires comprehensive temporal and spatial data to
diﬀerentiate between human-driven inﬂuences on the ecosystem and
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Table 1
Information on marine environmental data collection and availability for selected oﬀshore industries, summarised from [1]. ◊ indicates that data are collected but not
generally made available to third parties. ✓ indicates that data are both collected and generally shared upon request (but not necessarily deposited in open access
data repositories). Blank cells indicates that data are not routinely collected.
Industry

Parameter

Primary data sharing barriers

Physical

Oil & Gas
Marine Aggregates
Subsea Cables
Wave & Tidal
Renewable
Energy
Oﬀshore Wind

Biological

Bathymetry

Water/
Sediment
Quality

Sediment

Weather

Benthic

◊
✓
◊
✓

✓

✓
✓
◊
✓

✓

✓
✓

◊
✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

◊

✓

Birds

Fish

Mammals

Data is not
collected to
MEDIN
standards

Additional Costs
(time and/or
money)

✓
✓
✓

✓

Commercial
sensitivity

Unwilling to lose
control of data
use

✓

✓
✓

✓
✓
✓

✓
✓
✓

✓

✓

✓

◊
✓

regulatory requirements to collect and submit environmental data to
the relevant regulatory body for all oﬀshore industries, the UK for example does not require these data to be made publicly accessible or
deposited in data repositories (e.g. MEDIN, see [1]). Such obligations
are unusual for North Sea industries, but there are exceptions where
such agreements to submit data to open access repositories have been
successfully implemented (e.g. German oﬀshore wind industry, Box 2).
EMODnet is also working towards making it as easy as possible to share
industry data whilst addressing conﬁdentiality concerns (see Section
4.2.1) through its data ingestion portal (www.emodnet-ingestion.eu),
as well as developing incentives to use these resources. Such incentives
include oﬀering data management services and comparing data provided to existing records. This can build conﬁdence in the datasets
provided because data collation quickly identiﬁes anomalies (i.e. datasets or data points that do not conform to the overall pattern of the
collated data). This may indicate either that there is something unusual
at the location where the data were collected or that there is a problem
with the collection methodology. In turn this can reduce data collection
costs through reducing the number of replicate observations required to
have conﬁdence in the data, in comparison to datasets gathered and
considered only in isolation, and allows a broader understanding of the
wider impacts of industries on the basin (e.g. see Box 2).
Collecting environmental data is a hugely costly activity, especially

environmental assessments, but often the data cannot be accessed, are
diﬃcult to collate (for example due to missing metadata), are archived
in an inappropriate format, or are excessively expensive to obtain for
most users [23]. Progress has been made by academia and government
bodies in identifying and providing open access data, including industry
data (Table 1). Considerable ﬁnancial, technical and human resources
have been dedicated to creating data portals and generating the capacity to process, store and manage large volumes of environmental data.
This has been a costly, time consuming and technically challenging
process requiring government investment in public sector organisations
and their infrastructures.
In some instances, newer industrial users of the marine environment
have been provided with repositories and are encouraged to submit
data to these repositories. For instance, the Marine Data Exchange
(www.marinedataexchange.co.uk) was established to facilitate data
sharing for the UK renewable energy and aggregate industries. The
Marine Data Exchange provides a central platform for these industries
to submit and display areas where there are developments and their
associated data sets. Use of the Marine Data Exchange is encouraged by
government and regulatory bodies, but is voluntary.
Older industries, such as oil and gas, have developed without such
arrangements to support environmental data collation, but voluntary
data pooling has taken place in the past (Box 1). Whilst there are

Box 1
Examples of UK Oil and Gas industry data sharing

• UK Benthos

•
•

The UK Benthos database (https://oilandgasuk.co.uk/product/ukbenthos/) is a rare example of an open access archive of oil and gas
industry environmental surveys containing data from more than 11,000 stations across the North Sea. Originally created at Heriot-Watt
University, UK Benthos contains historic quantitative data from 1975 to the present day on biological communities (macrobenthos, >
0.5 mm body size), total oil content, aromatic hydrocarbons, trace metals, and sediment properties. Survey metadata also include information on drilling history, station locations, distance from operations, aspect, species biomass, diversity and composition. Data were
originally held in hundreds of separate industry reports in the archives of individual operators and environmental consultancies but longterm eﬀorts to compile these has now resulted in a fully digitised and standardised version which is regularly updated.
RigNet
Real time weather data are provided to the UK Met Oﬃce from automatic weather stations on oﬀshore installations through Nessco, a
RigNet company [1]. This improves weather forecasting at sea which directly beneﬁts the industry leading to more reliable weather
warning systems and improved safety at sea.
System of Industry Metocean Data for the Oﬀshore and Research Communities (SIMORC)
SIMORC is a data sharing platform, hosted at the British Oceanographic Data Centre (BODC) that collates metocean in situ marine data (e.g.
sea level, sea temperature, wind, waves, conductivity) collected globally by the oﬀshore oil and gas industry. The set-up costs were met by
the European Commission and the ongoing running is funded by industry. Access to the data is regulated and all users must be registered.
The SIMORC database reduces the overall costs of analysing and hosting metocean data for individual operators and creates extra
knowledge of local and regional marine systems [1].
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Box 2
Dual use and beneﬁts of a large information system on oﬀshore wind farm data in the German sector of the North Sea
In Germany applicants and operators of oﬀshore wind farms have carried out extensive environmental impact assessments (EIA) on benthic
invertebrates and demersal ﬁsh following a standard investigation concept [8] and produced a data coverage never before available in the
German Exclusive Economic Zone (EEZ). Operators are legally obligated to submit all raw EIA data to the regulatory body (BSH, Federal
Maritime and Hydrographic Oﬃce) for oﬃcial approval. EIA information, and data from research projects (e.g. from the Alfred Wegener
Institute) and legal mandatory monitoring programmes (e.g. in relation to the Marine Strategy Framework Directive, Directive 2008/56/
EC) are stored in a data information system, standardised, collated, harmonised and quality checked by independent scientiﬁc institutions.
Analysing tools are developed to extract speciﬁc information required by authorities, regulators, industry and researchers. At present, these
are provided as static data products, however dynamic tools are under development to allow online analysis of the most up to date
information through an open-access portal. Data provided are aggregated by means of (geo-)statistical methods on (a) spatial raster, (b)
areas of interest, or (c) diﬀerent time scales. Through this process, raw data are anonymised and cannot be reconstructed or linked to the
original source. This concept enables non-public data (e.g. owing to commercial sensitivity or embargo periods) to become publically
available (via www.geoseaportal.de) and to be searchable via EMODnet.
This system has beneﬁtted the oﬀshore wind industry by allowing the German regulator to authorise cluster-investigations as part of an
EIA [8]. This allows companies applying for neighbouring clusters of oﬀshore wind farm sites to carry out joint EIA monitoring and to share
reference sites, both improving data coverage and reducing costs. The ﬁrst such cluster-monitoring solution was conducted by DONG
Energy in 2014 and is estimated to have reduced their monitoring costs by millions of Euros.

requirement nor an immediate economic gain (for exceptions see Box
1). Further, there are perceived costs and risks of publishing environmental data. Firstly, where data publication is voluntary, visibility of
activities to competitors could have a commercial cost because not all
operators share data. This is likely to be less important for data collected with respect to decommissioning than for exploration and production. These risks can be mitigated through embargo periods or
through aggregating and anonymising data. For example, ﬁsheries data
collated by the International Council for the Exploration of the Sea
(ICES) are released in aggregate products and the ﬁshing eﬀort of individual vessels and ﬂeets cannot be identiﬁed. It should be noted that
the ﬁshing industry does not pay for data collection, archiving or
management [1]. However, this limits the potential for timely knowledge to be gleaned from the data to inform management decisions, and
indeed on how much new knowledge can be generated as data aggregation can limit future analysis. Where data are aggregated or
anonymised at too coarse a geographical resolution (or geo-referencing
metadata is removed) it becomes very diﬃcult to place into an appropriate context and to interpret. There are further concerns over data
ownership, accreditations, conﬁdentiality and whether there is potential liability where 3rd parties have used the data (see Section 4.2.5).
These concerns are largely surmountable and mechanisms to handle
these issues already exist e.g. anonymization and embargo methods
developed by the EMODnet data ingestion portal.
Concerns over the misinterpretation or misuse of data released are
more diﬃcult to address. For instance, where ROV video surveys have a
primary focus on examining the structural integrity of assets and determining what maintenance is required, the survey parameters were
not designed to answer ecological questions. Secondary data analysis
should be interpreted with the original survey aims in mind, but data
owners cannot control or inﬂuence misinterpretations once the data
have been made open access. There are also concerns that data in its
rawest form (e.g. video footage) are susceptible to misconception.
Cracks in concrete casings around a pipeline, for example, may pose no
technical or environmental risk from an engineering perspective, but
could be misconstrued to suggest a lack of due diligence on the part of
the pipeline owner. There is a reluctance within the oil and gas industry
to release truly raw data particularly in the forms of videos and images.
In practice, therefore, a considerable amount of time is needed to
process and check data before it could be made widely available. In
principle, oil and gas operators are not opposed to environmental scientists accessing and using ROV video survey data, indeed the INSITE
research program is dependent on access to these data and there are
many examples of industry/academic research collaborations that have

for the marine environment. The amount of information that can be
gleaned remotely from satellites is often limited to the sea surface.
Understanding of the water column and seabed still relies on collecting
physical samples or deploying instruments, often from an expensive
surface vessel, to take images, videos and measurements (e.g. gliders,
remotely operated vehicles (ROVs), sidescan sonar, multibeam equipment, CTD casts). Despite technological developments such as automation driving costs down, marine environmental data are more expensive to collect than terrestrial or freshwater measurements. Private
industry spends an estimated $3 billion every year on marine data,
outspending both government agencies and research institutes (including collecting new data, buying access to existing data sets and data
processing, [12], Table 1).
For the oil and gas industry, environmental data collection falls into
two categories: dedicated environmental surveys (e.g. to fulﬁl regulatory requirements); and incidental observations from operational
surveys. There is a precedent for sharing some information derived
from mandatory surveys (Box 1). Such data sharing initiatives have
been successful, either because of a clear tangible beneﬁt to industry
(improved helicopter safety through sharing metocean data, [20]; improved accuracy of nautical charts, Box 1) or because the data have
already been shared outside of the company (e.g. benthic survey data in
the UK are submitted to regulatory bodies, and companies must make
data available to regulators upon request). In both instances, the data
made available are a processed data product rather than raw datasets
and this reduces the potential for misinterpretations (see Section 4.2.2).
Operational surveys can result in incidental observations from which
environmental data could be obtained. For instance, oil and gas operators are required by regulators to conduct surveys to assess the
condition of their subsea infrastructures and in order to identify repair
work needed to ensure the safety of oﬀshore personnel, and to prevent
pollution events. The videos produced from these surveys are used to
assess the condition of the structures, identify where repair work is
needed, and estimate marine growth coverage (e.g. algae, mussels,
anemones, sponges and corals growing on the structures, see Fig. 1 for
examples). These videos can also, therefore, be used as a record of how
marine life interacts with structures (e.g. [32,49]) and enhance understanding of the inﬂuence these structures have on the wider ecosystem. If this information were to be centralised, this visual survey
information would create a valuable new resource to all North Sea
stakeholders, helping to streamline environmental assessments, costs of
monitoring, and widening the beneﬁts of decommissioning.
For companies, sharing expensively acquired data can be diﬃcult to
justify to managers and shareholders where there is neither a regulatory
133
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Fig. 1. Example photographs taken from an
ROV survey. Image a (plumose anemones
Metridium dianthus) is from the southern North
Sea courtesy of ENGIE E&P Netherlands B.V.
Images b (mussel Mytilus edulis and kelp
Laminaria sp.), c (cusk ﬁsh Brosme brosme and
starﬁsh Asterias rubens) and d (cold-water coral
Lophelia pertusa) are from the northern North
Sea courtesy of Lundin Britain Ltd.

generating more holistic data sets, to specialist highly technical ﬁelds
like genomics (e.g. Genbank® [3]). From big data projects, it is evident
that greater advances in scientiﬁc understanding are made by collating
and analysing large volumes of data collected by diﬀerent groups than
from each individual eﬀort in isolation. Furthermore, avoiding duplication of eﬀort drives costs down (e.g. Box 2). Progress has been made
in Europe to link up national, thematic and regional databases through
EMODnet, thus enabling better interpretation of information and the
ability to make large scale assessments, for example over the entire
North Sea basin. The opportunities this presents vary depending on the
stakeholder. Consistent metadata standards are vital to maximising the
potential use. This includes measures of uncertainty in the data, which,
at present, are rarely available but determine what uses data is appropriate for [23].
There is a window of opportunity now, near the start of the North
Sea decommissioning process, to establish best practices and to develop
tools and protocols to facilitate standardised, low-cost data collection to
provide consistent, standardised datasets endorsed by operators, scientists and regulators. The outcome will be to lower the cost of data
collection and analysis. Over time, this would build a comprehensive,
regional-based set of environmental data, including from on and around
man-made structures, that is available to those operating facilities in
the North Sea, regulators and the wider scientiﬁc community. This
could directly support the concept of regional environmental assessments [21] and hence reduce the need for the extensive asset-speciﬁc
environmental investigations performed by operators (e.g. Box 2), and
to integrate models and monitoring solutions [25]. This type of regional
approach has been taken by the International Seabed Authority in
creating its own data management procedures and database for subsea
mining companies in order to assess wider regional issues, cumulative
impacts and natural temporal and spatial variability [27].

been very successful (e.g. [9,18]). For instance, data extracted from
ROV video survey footage for some platforms and pipelines have revealed evidence for a range of species colonising or aggregating around
these structures [32,43,44]. These collaborations, however, may become more diﬃcult in a rapidly changing research environment where
journals require authors to publish the data in support of their manuscript. This has the potential to bring industry and academic partners
into conﬂict (this is not always the case: see [49,9] for examples where
operator data has been published in an open access forum). These issues
could be addressed by journals oﬀering embargo periods on publishing
the datasets.
The ﬁnal primary barrier from an industry perspective is the accessibility of “open access” data to industry. Current funding models for
large-scale data collation eﬀorts often rely on both government investment and on charging some users. In the UK, which has the highest
oil production levels of any EU country, relevant public environmental
data are often held in NERC (Natural Environment Research Council)
Data Centres, for example the British Geological Survey and the British
Oceanographic Data Centre (http://www.datacentres.nerc.ac.uk/).
Under NERC policy, use of environmental data is often free of charge,
although under licence, to non-proﬁt users (e.g. academics, government
agencies and NGOs), but costs can be applied where data are to be used
for commercial activities [38]. In part, this is because open access data
portals are expensive to maintain, but if industry is expected to submit
data free of charge and cannot beneﬁt from the resource they have
contributed to without paying, it is diﬃcult to incentivise data sharing.
Taken together, solutions to these barriers can be divided into ﬁve
categories: 1) Incentives, 2) Risk Perception, 3) Working Cultures, 4)
Financial Models and 5) Data Ownership (Fig. 2). These ﬁve categories
are discussed in turn below (Section 4.2).
3. The Opportunities

4. The way forward
Recent advances in big data analytics and the technological advances in online data storage have revolutionised the way in which
researchers can generate and interact with data, from citizen science
projects ([24,6], e.g. recreational divers temperature proﬁles [52],
anglers recreational ﬁshing data [51]) where volunteers contribute to

4.1. The short term (5 years)
An emerging theme from this and other recently held data workshops (EMODnet Sea-Basin Checkpoints Stakeholder Conference
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Fig. 2. Identiﬁed barriers to depositing industry environmental data in open access repositories.

Brussels 2017, MEDIN Open Meeting “The Industry Marine Data
Revolution” London 2016) has been the lack of industry awareness of
large-scale data collation initiatives. This includes EMODnet and the
national initiatives that feed into it (e.g. MEDIN for the UK). Indeed,
there seems to be confusion over which of the many open access data
portals that have emerged in recent years should be used and how they
are linked (e.g. that MEDIN feeds into EMODnet). In the short-term, a
proactive awareness campaign about these services is important. A lack
of knowledge within the oil and gas industry of these data facilities and
the services they oﬀer, such as providing data products, inhibits progress towards widening participation. A standard protocol for how data
are uploaded and shared through national data facilities uploading to
EMODnet should be promoted in the oil and gas sector. For the UK, the
Oil and Gas Authority and the industry body Oil and Gas UK are well
placed to circulate such information. This should include information
on metadata standards, estimated error within the datasets, formatting
and control procedures, and quality assurance. EMODnet has protocols
in place already to address industry concerns over data conﬁdentiality
and ownership.
A second emerging theme from regulators and industry was a desire
to take stock of existing marine environmental data both in the public
domain and held privately, and the advances in marine environmental
data sharing that have been made. The EMODnet North Sea basin data
“stress test” [23] is the most comprehensive exercise conducted to date
in assessing the availability of environmental data for the North Sea.
Through the INSITE programme, a dedicated Data Initiative project
conducted a more targeted assessment of the availability of data relevant to assessing the role of structures in the North Sea ecosystem
producing an INSITE ‘Data Roadmap’ [36]. As shown by the UK Benthos
project (Box 1) facilitating the sharing of environmental data submitted
to regulators as part of statutory requirements can be highly successful.
Indeed, it is now stated in the UK EIA guidelines for the Oil and Gas
Industry that “It is also normal procedure to submit all benthic infauna data
to UK Benthos” [2]. Investigating other parameters required by regulations, and therefore routinely collected, may be a relatively
straightforward starting point to opening up industry environmental
data.
In addition to documenting publicly available data (either open
access or by paying an access fee) the INSITE Data Initiative surveyed
details of the marine growth records in ROV video survey archives for 8
major oil and gas operators (BP, Centrica, CNR International,
ExxonMobil, Marathon Oil, Shell, Repsol Sinopec Resources UK and
Total) and identiﬁed 280 TB of ROV footage suitable for extracting

marine growth data from [37]. Operators have made some of this type
of data available to researchers on a case-by-case basis (e.g. through the
INSITE research programme where it has been used for modelling
species connectivity between platforms, www.insitenorthsea.org), but
such arrangements are ad hoc and lack standardised data sharing protocols. This can lead to protracted delays in access. In some cases, operators demand signed conﬁdentiality agreements from researchers,
which may take several months when multiple organisations are involved. This can cause problems for research projects that are funded
over short timeframes and, more signiﬁcantly, can make it diﬃcult for
researchers to work in a transparent and fully impartial manner. The
production of standardised contracts, Memorandum of Understanding
(MOU), Service Level Agreements (SLA), and Standard Operating Procedure (SOP) documentation for data sharing and research collaboration between oil and gas operators and research institutions could
streamline this process.
4.2. The longer term
To achieve open access to environmental data from the oil and gas
industry in the longer term the ﬁve barriers identiﬁed above (Section 2
and Fig. 2) need to be overcome. These barriers are now considered in
turn, with suggestions of how solutions may be found.
4.2.1. Incentives
At present there are several incentives for operators to engage in
developing data sharing methods for environmental data. Firstly, at a
time when the price of oil has slumped, data sharing is an opportunity
to reduce the costs of decommissioning. For instance, there is evidence
that the benthos in the more environmentally stable, deeper, northern
North Sea takes longer to recover from drilling activity than at more
dynamic sites in the shallow southern North Sea [21]. Eﬀective postdecommissioning monitoring regimes, therefore, could be tailored in
their frequency and extent to be appropriate for speciﬁc regions, depths
and biological communities [21], and where appropriate companies
could share reference sites (Box 2). This insight comes from oil and gas
industry data collated in the UK (UK Benthos database, Box 1) and is an
example of the type of information that can only be gleaned from
combined data and not from individual monitoring eﬀorts. Sharing
environmental data can help to establish best practice, reﬁne methodologies across companies throughout North Sea decommissioning,
and optimise monitoring and data collection methods.
Secondly, under the OSPAR 98/3 Decision, the central piece of
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Box 3
OSPAR 98/3 Decision
The 1992 OSPAR Convention (the uniﬁcation of the preceding Oslo and Paris Conventions) is the primary legal framework for the protection and management of the North Eastern Atlantic marine environment and is the mechanism under which decommissioning legislation
for the region has been developed. The central piece of legislation covering decommissioning of oﬀshore oil and gas platforms is the OSPAR
98/3 Decision which was passed in the wake of the Brent Spar decommissioning controversy [47] and requires operators to remove all
man-made structures from the sea for disposal on land. Whilst there are several exceptions written into this Decision where derogations can
be sought from national governments to leave heavier structures in place (Annex 1), most sub-sea infrastructure will be removed and the
benthic habitat monitored for recovery. All OSPAR decisions are reviewed at regular intervals to ensure they remain appropriate in light of
new evidence.

environmental data (that is not commercially sensitive) in open access
repositories a legal requirement to maximise cooperation and ensure
the risks are shared across companies (the UK government is actively
pursuing further engagement with industry to collate data through the
Marine Science Coordination Committee https://www.gov.uk/
government/groups/marine-science-co-ordination-committee).
The
additional costs are addressed below (Section 4.2.4). Here, where the
focus is on data for informing decommissioning choices rather than
other oil and gas activities in exploration or extraction, the scope for
competitors gaining a commercial advantage from the data is much
smaller.
The second perceived risk is a concern that open access data will be
misinterpreted, with the potential for reputational damage regarding
the environment. This is particularly pertinent for the oil and gas industry where accidental oil spills have often been widely broadcast and
are emotive to the public (e.g. the Deepwater Horizon well blow-out in
2010, the Exxon Valdez oil tanker spill in 1989 and the supertanker
Torrey Canyon spill in 1967). In the context of oil and gas operations in
the North Sea the legacy of the Brent Spar should not be underestimated
[42], and highlights the need for public support throughout the decommissioning process. Transparency here is key, and industry stands
to gain reputational beneﬁts from research collaborations. For example,
in clinical research data sharing has been credited with improving accuracy, accelerating progress and restoring trust - in particular where
industry partners are involved [26]. During the decommissioning of the
Brent Spar, both Shell and the UK Government were portrayed as secretive by Greenpeace, marring public perception and ultimately
leading to boycotts [47]. Public opinion is likely to be an important
component in determining acceptable decommissioning scenarios.
Open data is one way to create transparency and build trust in the
process, and to facilitate discussions on the best practice for decommissioning the North Sea. Publishing data will also increase operators’
societal responsibility output, showing that they take these responsibilities seriously and will go beyond the minimum legal requirement in
meeting them. Indeed, some operators have explicitly stated that this is
their primary reason for sharing data or sponsoring research (J.W.P.
Coolen, personal observation). There is a shared responsibility here for
researchers to ensure that their work analysing any shared data is easily
accessible and in the public domain, either through open access publications or through depositing pre-publication manuscripts in accessible online portals.
A ﬁnal risk raised at the workshop was the question of liability. If
conclusions are drawn from any data released in relation to questions
that the original collection survey was not designed to address (e.g.
ecology questions from ROV structure inspection surveys) and these are
later shown to be false: who is liable? Responsibility for data interpretation can be transferred through end user agreements whilst retaining data ownership. This may deter wilful misinterpretation of data.
It is important to emphasise that data sharing is not a binary issue.
Compromises can be reached over publishing data in parts, anonymization and potential embargo periods as are commonplace in the public
sector (e.g. individual patients cannot be identiﬁed from UK National

legislation covering decommissioning in the North Sea (Box 3), there is
an allowance for derogations to be sought to leave all or part of very
large, heavy concrete or steel structure components in place (OSPAR
[40] Annex 1). Where structures are eligible for derogation to leave
partly or wholly in place, environmental considerations including
“impacts on the marine environment”, “biological impacts arising from
physical eﬀects”, “conﬂicts with the conservation of species”, and “the
protection of their habitats” should be taken into account as part of a
comparative assessment (OSPAR [40] Annex 2). At present operators
cannot apply for a derogation to leave structures that are not listed in
Annex 1, nor can they consider a rigs-to-reefs approach to decommissioning as has been used in other areas (e.g. Gulf of Mexico, [31]).
OSPAR Decisions are, however, reviewed on a regular basis and, in
recent years, there have been calls to revisit the regulations surrounding
decommissioning, including OSPAR [40], and consider wider environmental factors as criteria for more structures to be left, whole or in part,
in the marine environment beyond those that meet Annex 1 criteria
(e.g. [14]). These include limiting drill cuttings piles disturbance [21],
reducing the energy and materials required for decommissioning, including the carbon footprint [13], and potential habitat provision
through leaving structures in situ [30,33,4]. For platforms in the
northern North Sea, for example, the protected cold-water coral Lophelia pertusa grows on several installations [19,43]. Should it become
possible for operators to apply for derogations on environmental
grounds in the future, they would need to have evidence that they
understand the environmental costs and beneﬁts of diﬀerent decommissioning scenarios for structures not listed in Annex 1 of OSPAR [40].
Such applications to OSPAR would have to be underpinned by comprehensive ecological data of the role of the industry's infrastructure in
the marine ecosystem.
In the longer-term releasing data may reduce overall decommissioning costs. Through publishing data from early feasibility studies
and monitoring of decommissioning sites, the overall cost to both the
taxpayer and private companies can be brought down by avoiding
duplication of eﬀort. Scientiﬁc understanding of how these structures
interact with the marine ecosystem can be improved and increasing
openness and improved communication can lead to better collaboration
across business sectors.

4.2.2. Risk perception
There is a perception within industry highlighted at the workshop
that there are risks associated with data sharing, therefore it is critical
that this perception is addressed. There are two primary concerns, both
of which apply more widely than the oil and gas industry (for instance,
very similar concerns are expressed by contractors engaged in developing deep-sea mining, D. Billet – International Seabed Authority personal observation). The ﬁrst concern is commercial advantage: if
one company chooses to release data whilst another one chooses not to;
the open access company has incurred two costs: 1) the additional data
processing costs and 2) accepted the risk that other companies could
capitalise on the data released. Indeed, the strongest signal to emerge
from the workshop was the desire for regulators to make depositing
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4.2.5. Data ownership
Clear guidelines will need to be established, helping to appropriately credit those who generate raw data, those who process it and
those who create new information from it. A standard distinction between data products and information products should be formalised to
clearly identify ownership, authorship and intellectual property rights
(e.g. through Creative Commons Licences, Digital Object Identiﬁers
(DOI)). This could help promote trust over data use and accreditation.
For example, where a map of species distributions is created, all the
underlying data are rarely collected by the creator of the map (e.g.
bathymetry layers, species observations etc.); sources are therefore
often referenced. The map produced, however, is the intellectual
property of the map maker, the underlying data are not. At present,
appropriately accrediting data and information generated from data is
not standardised and is very diﬃcult where metadata are missing (e.g.
geographic location, collection dates etc.). EMODnet is well placed to
work towards developing suitable guidelines on IP rights and accreditation that could be adopted across sectors.

Health Service data, ONS https://www.ons.gov.uk/aboutus/
transparencyandgovernance/onsdatapolicies/howwekeepdatasecure)
and in academia (e.g. embargos on publicly funded PhD theses to allow
students to publish their work before the data is made public). The
frameworks established through EMODnet facilitate this.

4.2.3. Working cultures
Preparing industry datasets for open access and moving towards
unrestricted sharing of industry environmental data will require cooperative eﬀorts across business, public sector bodies, and scientiﬁc
research. This is now incentivised thanks to the increasing use of metrics that capture dataset citations in addition to research paper citation. However, outside academia challenges remain for employees of
government regulatory bodies to defend time spent on formatting data
for deposition in online repositories where compliance is voluntary.
Finally, there would need to be a cultural shift within industry to allow:
a) data to be shared without restrictions; b) employees to dedicate time
to collating/arranging data products; and c) resources to be allocated.
Changes in working practice, cultures and values are particularly difﬁcult to achieve in large organisations (including universities, governments and multinational corporations) where there can be institutional
inertia [10], however there are structures in place that can facilitate
this. Building on existing frameworks in the UK for example, it would
be feasible for the industry through their national trade associations
(e.g. Oil and Gas UK) to contribute to funding a focal person within a
National Data Centre to facilitate oil and gas data deposition into
MEDIN and therefore into EMODnet. This would be a relatively small
investment for the industry that all operators would beneﬁt from. This
strategy has been successful elsewhere, for instance ISA member states
fund a data manager (D. Billet, personal observation). Including
training on data management best practices in undergraduate and
postgraduate courses for science students, some of whom may go on to
work in industry, can initiate and support cultural change.

5. Conclusions
The development of national data centres and their coordination
within EMODnet means that the structures are in place to handle and
archive industry data for the beneﬁt of all. Many of the issues relating to
the archiving of data, safeguarding it and making it available under
controlled conditions are in place, but awareness of these facilities
within the oil and gas industry is low. The main challenges are: raising
awareness of this infrastructure, addressing the perception of reputational risk and establishing how data management will be paid for.
Industry trade bodies are well placed to disseminate information on
EMODnet and the national data centres. This should be a priority.
Where data are deposited for open access in a transparent way, the
opportunity for reputational gain may outweigh the risks from misinterpretation. Trust and transparency issues are currently a greater
barrier to data sharing than technological capabilities. Maintaining
communication between stakeholders through workshops and working
groups can build trust and develop working relationships that will facilitate the development of data sharing protocols and overcoming the
barriers identiﬁed.
In the case of decommissioning, the costs of data processing and
management are likely to be dwarfed by the costs of decommissioning
itself. There is potential for reducing these costs through eﬀective
communication between operators and collating datasets. The oil and
gas industry could fund a focal person within a national data centre
would be a cost-eﬀective way forward.
The legacy of the oil and gas industry in the North Sea will include
the lessons learned for managing future blue growth. Oﬀshore renewables, for example, are required to plan for decommissioning prior to
starting to install oﬀshore structures. The design and operation of future
structures in the North Sea will be informed by the experiences of the
oil and gas industry and preserving the environmental data that has
been collected by the industry will provide an important resource for
both users and managers of the basin.

4.2.4. Financial models
Funding is a twofold problem. The primary issue is paying for the
work to create datasets suitable for submission to data portals. The staﬀ
time required to process and quality check data, especially where the
format and collection methods are likely to have changed over time is a
major obstructing factor in releasing environmental data from both
industry and other sectors. Progress is being made on automating video
analyses, but at present extracting data from images and videos requires
the time of skilled staﬀ, and collating information from diﬀerent surveys and companies into a usable format is labour intensive. Costs could
be reduced by standardising reporting across the sector, which would
allow automated approaches for extraction and collation of the data.
Currently it is unclear how the costs of processing, collating and quality
checking data or of developing automated processes could be met.
The second issue is the current funding model for open access data
portals. To widen participation, data portals should be free for all users
to access. To supplement government investment in data centres such as
MEDIN, it may be appropriate for some services to have costs applied to
users, but the stored data sets to be freely accessible. For example data
ﬁles (e.g. spreadsheets) that are currently free for all to view [38] but
use may be charged for, could be made free for all to use; but charges
could be applied to all users who need support utilising the data. The
Norwegian Hydrographic Service, for example, uses this approach,
making all data products open access, but applying charges for information products (e.g. maps, ﬁgures, tables) that are produced to
meet the customers’ needs, and for any product support required to help
users understand or manipulate the data (www.kartverket.no). Addressing the funding model of open access data portals to incentivise
industry data sharing will be important for industries that are not required through legislation to submit their data.

Acknowledgements
The Blue Growth Data Workshop was organised by the University of
Edinburgh through the INSITE Data Initiative funded by the INSITE
(INﬂuence of man-made Structures In the Ecosystem, www.
insitenorthsea.org) research programme. The authors thank participants from BP, British Geological Survey, Gardline, DeepTek,
theDataLab, Hartley Anderson, Marine Scotland Science, Heriot-Watt
University, BMT Cordah, Shell, BEIS OPRED and Marathon Oil for their
contributions. INSITE follows the 2012 Oil and Gas UK led
“Decommissioning Baseline Study” joint industry project that identiﬁed
data gaps in our understanding in the inﬂuence of man-made structures
137

Marine Policy 97 (2018) 130–138

F. Murray et al.

on the ecology of the North Sea. J. Murray Roberts and Katherine
Needham acknowledge further support from the European Union's
Horizon 2020 Research and Innovation Programme under grant
agreement No. 678760 (ATLAS). David Billett was supported by
funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 689518 (MERCES:
Marine Ecosystem Restoration in Changing European Seas). Lea-Anne
Henry was supported by the INSITE Project “Appraisal of Network
Connectivity between North Sea subsea oil and gas platforms”. Kieran
Hyder was supported by INSITE project “Assessing the ecological connectivity between man-made structures in the North Sea”. Silvana
Birchenough was supported by the INSITE project “Understanding the
inﬂuence of man-made structures on the ecosystem functions of the
North Sea and the European Union's Horizon 2020 Project COLUMBUS
(652690) ”Knowledge Transfer for Blue Growth”. This output reﬂects
only the authors’ views and the European Union cannot be held responsible for any use that may be made of the information contained
therein.

Technology Conference, January 1995.
[21] L.-A. Henry, D. Harries, P. Kingston, J.M. Roberts, Historic scale and persistence of drill
cuttings impacts on North Sea benthos, Mar. Environ. Res. 129 (2017) 219–228.
[22] A.J. Hobday, Sliding baselines and shuﬄing species: implications of climate change for
marine conservation, Mar. Ecol. 32 (2011) 392–403.
[23] H.R. Wallingford, Growth and Innovation in the Ocean Economy Final Project Report,
2016. 〈https://webgate.ec.europa.eu/maritimeforum/sites/maritimeforum/ﬁles/
DLS0342-RT016-R01-00-unsecured.pdf〉.
[24] K. Hyder, B. Townhill, L.G. Anderson, J. Delany, J.K. Pinnegar, Can citizen science
contribute to the evidence-base that underpins marine policy? Mar. Policy 59 (2015)
112–120.
[25] K. Hyder, A.G. Rossberg, J.I. Allen, M.C. Austen, R.M. Barciela, H.J. Bannister,
P.G. Blackwell, J. Blanchard, M.T. Burrows, E. Defriez, T. Dorrington, K.P. Edwards,
B. Garcia-Carrera, M.R. Heath, D.J. Hembury, J.J. Heymans, J. Holt, J.E. Houle,
S. Jennings, S. Mackinson, S.J. Malcolm, R. McPike, L. Mee, D.K. Mills, C. Montgomery,
D. Pearson, J.K. Pinnegar, M. Pollicino, E.E. Popova, L. Rae, S.I. Rogers, D. Speirs,
M. Spence, R. Thorpe, R.K. Turner, J. van der Molen, A. Youle, D.M. Paterson, Making
modelling count - increasing the contribution of shelf-seas community and ecosystem
models to policy development and management, Mar. Policy 61 (2015) 291–302.
[26] IOM (Institute of Medicine), Sharing Clinical Research Data: Workshop Summary, The
National Academies Press, Washington, DC, 2013.
[27] ISA (International Seabed Authority), Data management strategy of the International
Seabed Authority. ISBA/22/LTC/15, , 2016, p. 8.
[28] S. Jennings, M. Kaiser, The eﬀects of ﬁshing on marine ecosystems, Adv. Mar. Biol. 34
(1998) 201–352.
[29] D.E. Johnson, Regional regulation of oﬀshore oil and gas industry decommissioning by
the OSPAR commission, in: M. Nordquist, J. Norton Moore, A. Chircop, R. Long (Eds.),
The Regulation of Continental Shelf Development: Rethinking International Standards.
Part 5, Martinus Nijhoﬀ Publishers, Leiden/Boston, 2013, pp. 281–293.
[30] D. Jørgenson, OSPAR's exclusion of rigs-to-reefs in the North Sea, Ocean Coast. Manag. 58
(2012) 57–61.
[31] M.J. Kaiser, A.G. Pulsipher, Rigs-to-reef programs in the Gulf of Mexico, Ocean Dev. Int.
Law 36 (2) (2005) 119–134.
[32] D.L. McLean, J.C. Partridge, T. Bond, M.J. Birt, K.R. Bornt, T.J. Langlois, Using industry
ROV videos to assess ﬁsh associations with subsea pipelines, Cont. Shelf Res. 141 (2017)
76–97.
[33] P.I. Macreadie, A.M. Fowler, D.J. Booth, Rigs‐to‐reefs: will the deep sea beneﬁt from
artiﬁcial habitat? Front. Ecol. Environ. 9 (8) (2011) 455–461.
[34] MEDIN, Marine Data News, Issue 35, 2017. 〈https://us5.campaign-archive.com/?E=
38f5189c47&u=95bba54a67968c29065adc3e0&id=4cf5298199〉.
[35] M. Minio-Paluello, Jobs in Scotland’s New Economy, 2015. 〈https://greens.scot/sites/
default/ﬁles/Policy/Jobs_in_Scotland_New_Economy.pdf〉.
[36] F. Murray, K. Gormley, J.M. Roberts. INSITE Data Roadmap and Documentation,
2016–2017 [interactive resource], 2018. 〈http://dx.doi.org/10.7488/ds/2287〉.
[37] F. Murray, K. Gormley, L.-A. Henry, J.-M. Roberts, INSITE Oil and Gas ROV video survey
questionnaire, 2016-2017 [text], 2018. 〈http://dx.doi.org/10.7488/ds/2288〉.
[38] NERC (Natural Environment Research Council). NERC Policy on Licencing and Charging
for Information. 〈http://www.nerc.ac.uk/research/sites/data/policy/nerc-licensingcharging-policy/〉.
[39] OECD (Organisation for Economic Co-operation and Development), The Ocean Economy
in 2030, OECD Publishing, Paris, 2016, http://dx.doi.org/10.1787/9789264251724-en.
[40] OSPAR, OSPAR Decision 98/3 on the Disposal of Disused Oﬀshore Installations, 1998.
[41] G. Ottersen, B. Planque, A. Belgrano, E. Post, P.C. Reid, N.C. Stenseth, Ecological eﬀects of
the North Atlantic oscillation, Oecologia 128 (1) (2001) 1–14.
[42] P. Owen, T. Rice, Decommissioning the Brent Spar, CRC Press, USA, 2003.
[43] J.M. Roberts, The occurrence of the coral Lophelia pertusa and other conspicuous epifauna
around an oil platform in the North Sea, J. Soc. Underw. Technol. 25 (2) (2002) 83–91.
[44] S. Rouse, A. Kafas, R. Catarino, H. Peter, Commercial ﬁsheries interactions with oil and
gas pipelines in the North Sea: considerations for decommissioning, ICES J. Mar. Sci. 75
(1) (2017) 279–286.
[45] D.M. Schaap, R.K. Lowry, SeaDataNet–Pan-European infrastructure for marine and ocean
data management: uniﬁed access to distributed data sets, Int. J. Digit. Earth 3 (S1) (2010)
50–69.
[46] S. Shephard, R. Van Hal, I. De Boois, S.N.R. Birchenough, J. Foden, J. O’Connor,
S.C.V. Geelhoed, G. van Hoey, F. Marco-Rius, D.G. Reid, M. Schaberet, Making progress
towards integration of existing sampling activities to establish Joint Monitoring
Programmes in support of the MSFD, Mar. Policy 59 (2015) 105–111.
[47] J. Side, The future of North Sea oil industry abandonment in the light of the Brent Spar
decision, Mar. Policy 21 (1) (1997) 45–52.
[48] J.B. Stribling, S.R. Moulton II, G.T. Lester, Determining the quality of taxonomic data, J.
N. Am. Benthol. Soc. 22 (4) (2003) 621–631.
[49] T. van der Stap, J.W.P. Coolen, H.J. Lindeboom, Marine fouling assemblages on oﬀshore
gas platforms in the southern North Sea: eﬀects of depth and distance from shore on
biodiversity, PLoS One 11 (2016) 1–16.
[50] L. Vandepitte, S. Bosch, L. Tyberghein, F. Waumans, B. Vanhoorne, F. Hernandez, O. de
Clerck, J. Mees, Fishing for data and sorting the catch: assessing the data quality, completeness and ﬁtness for use of data in marine biogeographic databases, Database 2015
(2015) bau125.
[51] P.A. Venturelli, K. Hyder, C. Skov, Angler apps as a source of recreational ﬁsheries data:
opportunities, challenges and proposed standards, Fish Fish. 18 (3) (2017) 578–595.
[52] S. Wright, T. Hull, D.B. Sivyer, D. Pearce, J.K. Pinnegar, M.D. Sayer, A.O.M. Mogg,
E. Azzopardi, S. Gontarek, K. Hyder, SCUBA divers as oceanographic samplers: the potential of dive computers to augment aquatic temperature monitoring, Sci. Rep. 6 (2016)
30164.

References
[1] ABPmer. A Review of Access to Industry Environmental Data. A report produced by ABP
Marine Environmental Research Ltd for Productive Seas Evidence Group, November
2015.
[2] BEIS OPRED, The oﬀshore petroleum production and pipelines (assessment of environmental eﬀects) regulations 1999 (as amended) - A Guide, September 2017.
[3] D.A. Benson, M. Cavanaugh, K. Clark, I. Karsch-Mizrachi, D.J. Lipman, J. Ostell,
E.W. Sayers, GenBank, Nucleic Acids Res. 1 (2012) 7.
[4] P. Bergmark, D. Jørgensen, Lophelia pertusa conservation in the North Sea using obsolete
oﬀshore structures as artiﬁcial reefs, Mar. Ecol. Prog. Ser. 516 (2014) 275–280.
[5] P. Berthou, EMODNET-the European marine observation and data network, Eur. Sci.
Found. Mar. Board 10 (2008).
[6] R. Bonney, C.B. Cooper, J. Dickinson, S. Kelling, T. Phillips, K.V. Rosenberg, J. Shirk,
Citizen science: a developing tool for expanding science knowledge and scientiﬁc literacy,
BioScience 59 (11) (2009) 977–984.
[7] T.P. Brennand, B. van Hoorn, K.H. James, K.W. Glennie, Historical review of North Sea
exploration, in: K.W. Glennie (Ed.), Petroleum Geology of the North Sea: Basic Concepts
and Recent Advances, fourth ed., Blackwell Science Ltd, Oxford, UK, 1998.
[8] BSH (Bundesamt für Seeschiﬀfahrt und Hydrographie), Standard, Investigation of the
Impacts of Oﬀshore Wind Turbines on the Marine Environment (StUK 4), Federal
Maritime and Hydrographic Agency, Hamburg and Rostock, 2013, p. 86.
[9] J.W.P. Coolen, North Sea Reefs. Benthic Biodiversity of Artiﬁcial and Rocky Reefs in the
Southern North Sea, PhD-thesis Wageningen University & Research, Wageningen, the
Netherlands, 2017, http://dx.doi.org/10.18174/404837.
[10] W.J. Craig, Why we can’t share data: institutional inertia, Shar. Geogr. Inf. (1995)
107–118.
[11] N.K. Dulvy, S.I. Rogers, S. Jennings, V. Stelzenmüller, S.R. Dye, H.R. Skjoldal, Climate
change and deepening of the North Sea ﬁsh assemblage: a biotic indicator of warming
seas, J. Appl. Ecol. 45 (4) (2008) 1029–1039.
[12] EC (European Commission). Commission Staﬀ Working Document Marine Knowledge
2020: roadmap. Accompanying the document Communication from the Commission to
the European Parliament, the Council, the European Economic and Social Committee and
the Committee of the Regions Innovation in the Blue Economy realising the potential of
our seas and oceans for jobs and growth, 2014. 〈http://eur-lex.europa.eu/legal-content/
EN/TXT/?Uri=CELEX%3A52014SC0149〉.
[13] P. Ekins, R. Vanner, J. Firebrace, Decommissioning of oﬀshore oil and gas facilities: a
comparative assessment of diﬀerent scenarios, J. Environ. Manag. 79 (4) (2006) 420–438.
[14] A.M. Fowler, P.I. Macreadie, D.O.B. Jones, D.J. Booth, A multi-criteria decision approach
to decommissioning of oﬀshore oil and gas infrastructure, Ocean Coast. Manag. 87 (2014)
20–29.
[15] Fraser of Allander Institute, Scotland’s Budget – 2016. University of Strathclyde Business
School, 2016. 〈https://www.sbs.strath.ac.uk/economics/fraser/20160913/
ScotlandsBudget-2016.pdf〉.
[16] C.R.B. Froján, K.M. Cooper, S.G. Bolam, Towards an integrated approach to marine
benthic monitoring, Mar. Pollut. Bull. 104 (1) (2016) 20–28.
[17] J.M. Fromentin, B. Planque, Calanus and environment in the eastern North Atlantic. II.
Inﬂuence of the North Atlantic Oscillation on C. ﬁnmarchicus and C. helgolandicus, Mar.
Ecol. Prog. Ser. (1996) 111–118.
[18] T. Fujii, Temporal variation in environmental conditions and the structure of ﬁsh assemblages around an oﬀshore oil platform in the North Sea, Mar. Environ. Res. 108
(2015) 69–82 〈http://www.sciencedirect.com/science/article/pii/
S0141113615000525〉.
[19] S.E. Gass, J.M. Roberts, The occurrence of the cold-water coral Lophelia pertusa
(Scleractinia) on oil and gas platforms in the North Sea: colony growth, recruitment and
environmental controls on distribution, Mar. Pollut. Bull. 52 (5) (2006) 549–559.
[20] C.K. Grant, R.C. Dyer, I.M. Leggett, Development of a new metocean design basis for the
NW shelf of Europe. In: Proceedings of Oﬀshore Technology Conference. Oﬀshore

138

