3. Ocean governance
3.1 Focus of the use case
Illegal fishing and overfishing are serious global challenges from an environmental
and economic point of view. Experts estimate that about 20-40% of the fish caught in
the wild enters the market as a result of illegal fishing activities, accounting for more
than $20b each year. Also, global overfishing can permanently destroy ocean
ecosystems, jeopardising global food security. According to the UN, “about a third of
marine fish stocks worldwide have been overfished, and over 90% of the world’s
fisheries are fully exploited or over-fished”.
Monitoring and enforcing protected marine reserves, fishing quotas and legislation in
remote parts of the world is a challenge that is currently not sufficiently addressed.
This ‘policy failure’ results in the presence of industrial-scale pirate fishers having a
sense of impunity. There is a need better to protect the oceans from illegal activity, so
that environments can be protected and depleted fishing stocks can be safely
preserved and rebuilt.
This use case illustrates the opportunity that exploitation of vessel positioning data,
linked to other data sets, represents for an improved conservation of marine resources
and global ocean governance.
From a design perspective, this use case has reached stage 4 in the process (Figure 6):
in the case of illegal fishing, the scale of the problem is well known (although it may be
understated), and there is a specific policy question that needs to be addressed (‘how
can we effectively identify suspicious or illegal fishing activities?’). This policy question
has been translated into data needs and most of the data to effectively tackle this
question exists and has been identified as being available either from commercial
providers or the different governments and institutions.
Figure 6 Use case readiness level

3.2 The rationale
The EC has the task to monitor illegal fishing activities as part of enforcing the
European Union’s Common Fisheries Policy (CFP). The Commission’s ambition is to
fully implement the concrete commitments of the reformed Common Fisheries Policy
during the 2015-2020 period. However, to accomplish this, an improved ability to
measure potentially illegal activity and to monitor fishing pressure is critical.
Enforcement is a responsibility of individual Member States. They can be notified of
suspicious behaviour and have the obligation to ensure that their own vessels comply
with EU agreements. In severe cases of non-EU Member States breaching
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international agreements and failing to take action to correct illegal fishing, the EU
can set up embargoes to fish products from those countries.
Up until now, enforcement has been based on the collection of data provided by the
Member States and on the use of inspectors checking fishing gear and inspecting the
registers of fish caught (and comparing them with the quotas). These checks can be
done in port, at sea, and using aerial photography. However, they are costly, highly
resource-intensive and time consuming (and therefore slow) processes that do not
sufficiently act as deterrent for most illegal activity. Most important, they do not allow
for timely information at the needed scale. As a result, non-compliance remains
a significant problem.
The high level of fragmentation in ocean governance further complicates monitoring
activities and interventions: responsibilities and competences are spread among
different agencies at regional (coastal regions), national and international levels. For
example, there are about ten different UN bodies responsible for marine protected
areas. In order to have better knowledge of activities at sea, there needs to be more
transparency and especially, more collaboration between different institutions.
This use case indicates the potential to develop an automated early-warning
system that would enable flagging suspicious activities through the linking of
available data sets combined with the use of advanced analytical techniques. Such a
system would need to be aware of the vessels position over time, the administrative
information detailing available quotas and fishing licences for each vessel, and data on
the location and characteristics of fish stocks in the sea. Information on the movement
of (large) ships would be relevant not only related to illegal fishing, but also for
environmental, tax and trade concerns. Coastal information, satellite imagery and
information from aircrafts and patrol boats can be combined to form a fuller picture of
activity in the ocean. More real-time data on positioning and patterns of large ships
would allow more targeted interventions for EU inspectors and more effective legal
action. In order to cover the oceans, combined monitoring is used integrating several
systems (Box 1).
Box 1 –Technologies for fisheries controls
Currently, satellite imagery is used mostly in research projects. However, authorities
such as European inspectors do obtain information from the Vessel Monitoring
Systems (VMS). The VMS is a satellite-based monitoring system that regularly
provides data on the location, course and speed of vessels to the fisheries authorities of
the Member States. Additionally, the Automatic Identification System (AIS) has been
progressively introduced in EU fishing vessels above 15 m and is increasingly used by
Member States for monitoring and control purposes.
Both VMS and AIS use GPS signals, but VMS uses point-to-point satellite
communication whereas AIS transponders use broadcast VHF signals. There are also
differences between distribution of AIS signals picked up by satellite and those picked
up by coastal stations.
Data sharing requirements for VMS are also more bureaucratic. Furthermore VMS
information is only available to flag state and coastal state unless special arrangements
are made for sharing, whereas AIS information can be bought for any area of the
planet.
Communication costs make VMS expensive so transmission occurs only every hour or
so. AIS signals are transmitted approximately every minute. Satellite AIS gives global
coverage of the sea but signals are only picked up when a satellite passes above an
area. The frequency of signals depends on the amount of satellites scouting a
particular area. As it passes, the satellite can pick up more than one signal so that
vessel tracks can be observed. On the other hand, due to signal collision, satellites do
not pick up all the signals in high ship density areas, making this solution better for
open ocean monitoring. In this case, signals picked up by coastal stations can be much
more frequent but their range is more limited.
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In this case, using a data approach can therefore contribute to a more effective
conservation of natural resources (fishing, deep sea mining, protected areas), reduce
fragmentation in the governance of sea activities (fostering better coordination and
collaboration between different institutions) and provide more transparency through
better knowledge of activities at sea.

3.3 The policy context
Over 60% of the world's oceans are beyond national borders. The governance of
international waters is highly fragmented, with jurisdictions and actions from of
Regional Fisheries Management Organisation, FAO, IOC, International Maritime
Organisation or the International Seabed Authority, all under the umbrella legal
framework of the UN's Convention on the Law of the Sea. Fragmentation equally
concerns the high number of institutions active at international, regional, national and
sub-national level.
The legal complexity challenges the sustainable management of oceans and there are
several points of failure in implementing a coherent policy. For better enforcement,
more information is needed on a series of outstanding issues, including monitoring
and intervening against illegal fishing, maritime trade, polluting emissions from ships,
enforcement of marine protected areas and dumping at sea and monitoring of deep
sea mining.
The general objective of European Ocean Governance policy is to ensure better
international governance of oceans and seas to the benefit of sustainable blue growth.
The EC is currently further developing its Blue Growth Strategy and exploring ways in
which the EU can support a better, more effective governance of the oceans.
The role and function of the EC
The Common Fisheries Policy (CFP), adopted in 1983, is the fisheries policy of the
European Union (EU). The CFP allows for equal access for fishing vessels from all EU
member states inside the European exclusive economic zone (EEZ), stretching 200
nautical miles from its coastline. Within the EEZ, Member States have a 12-mile zone
from their own coastlines with exclusive fishing rights for their vessels. At 25 million
square kilometres, the EU EEZ is the largest in the world.
Figure 7 Exclusive economic zone (EEZ) of the EU

In addition to the EEZ, the CFP regulates the catch of Atlantic and North Sea fish
stocks using a system of total allowable catches (TACs) that is further divided into
national quotas. The CFP also comprises regulations for the control of prices,
marketing arrangements and external trade policies.
In 2009 the Pew Charitable Trusts, the Coalition for Fair Fisheries Arrangements, the
Fisheries Secretariat, the new economics foundation and Seas At Risk and Ecologistas
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en Acción established the OCEAN2012 coalition. It included fishermen organisations,
environmental NGOs, consumer organisation and other actors with an interest in
sustainable fisheries. Within five years, OCEAN2012 grew from 5 to 193 supporting
groups across 24 EU Member States. This prompted European legislators in May 2013
to reach an agreement to “restore fish stocks and to end EU overfishing by 2015
where possible and 2020 by the latest”. In December 2013, the European Parliament
(EP) adopted the agreement, coming into force in 2014.
In 2014 the EP and the EC decided to allocate greater funding for data collection and
enforcement within the European Maritime and Fisheries Fund (EMFF). The EMFF
will deploy €6.4b between 2014-2020. Of these funds, 11% will be managed by the EC
to support EU-wide objectives in maritime and coastal affairs, such as:
•

International governance;

•

Cooperation through exchange of information and best practices;

•

Public information and support to networking platforms; and

•

Marine Knowledge.

Member States will manage the rest of the funds. Of the total EMFF funds, €580m
have been allocated for control and enforcement activities. These resources will
contribute to monitoring compliance with the European Common Fisheries Policy and
to protect a fair access to healthy fishing stocks. The three main action lines are:
•

Access to fishing grounds;

•

Controlling fishing effort, TACs and quotas; and

•

Other technical measures to improve selectivity and sustainability pressing
current challenges.

Now that the necessary reforms have been introduced in the CFP, the organisations
that were part of OCEANA2012 are now closely looking at the implementation of the
agreements. For example, Pew is working closely on implementation in the northwestern European waters. Enforcement and non-compliance remain significant issues
and, as a result, organisations in the field welcome the steps taken by the EC but are
watchful for actual implementation.
In September 2015, Commissioner Vella emphasised the importance of better ocean
governance to the Committee of the Regions NAT Commission and made a case that
also included recent pressing issues such as migration. Points of mention were the
cooperation in the context of security in the seas and interconnection of existing
surveillance systems in the context of the European Maritime Security Strategy. Also,
issues such as tackling climate change and identifying better renewable energy
resources were put forward as other uses of better ocean information.

3.4 The data process: from data collection to analysis and visualisation
Data sources
During the past two years, two initiatives have worked to address the data sourcing,
linkage, processing and visualisation challenges related to the automated earlywarning system proposed in this use case, and have built specific prototype
demonstrators (see section 3.5 below). These initiatives are the project ‘Eyes on the
Seas’23, developed by the Pew Charitable Trusts together with the UK Satellite
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Project Eyes on Seas. Available at: http://www.pewtrusts.org/en/research-and-analysis/issuebriefs/2015/03/project-eyes-on-the-seas
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Applications Catapult, and the ‘Global Fishing Watch’24 prototype by Oceana, Google
and Skytruth.
The piloted systems are based on the linkage between positional data from ships,
collected mainly from the AIS system, with geographic and administrative data.
Fishing vessels over 300 gross tons carry an anti-collision called AIS (Automatic
Identification System), whose VHF signal can be picked up by satellite or shore
stations. This allows for a monitoring of the behaviour of large ships and for collecting
data on their speed, position and heading. AIS systems are codified with unique
identifiers for each vessel, which allows identification of the country of origin and
crew. The data on AIS is already being collected by coastal stations. For the rest of the
ocean, the data can be bought from satellite providers.
For example, the ‘Project Eyes on the Seas’ system combines data sets from the
following:
•

Vessel Monitoring Systems (VMS) via GPS and satellite;

•

Synthetic Aperture Radar (SAR) satellite;

•

Automatic Identification Systems (AIS); and

•

Optical Satellite Sensors for oceanographic and atmospheric data.

These are further linked to other specialist databases that include international fishing
and marine reserve boundaries, and oceanic data comprising depth and temperature
readings (bathymetry). All the information is centralised in a ‘Virtual Watchroom’
where analysts can query the data and interesting activity patterns are investigated.
Figure 8 Project Eyes on the Seas. The Virtual Watchroom

Similarly, the ‘Global Fishing Watch’ prototype by Oceana, Google and Skytruth
(Figure 9), builds dynamic visualisations of ships based on AIS signals, and runs
behavioural models. These behavioural models are able to distinguish between fishing
and non-fishing ships. In a following step they are assessed by analysts and crosslinked with other datasets that delineate restricted fishing zones.
24

Global Fishing Watch. Available at: http://globalfishingwatch.org
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Figure 9 Global Fishing Watch screenshot. Russian trawler off Namibian Coast

The data collection process
An initiative run by the EC Directorate-General MARE, the European Marine
Observation and Data Network (EMODnet)25 is a platform that consists of more than
100 organisations providing marine data. EMODnet is different than the two other
initiatives discussed. It provides complementary background information on ocean
conditions such as temperature, currents, sediments and marine life. The data and
meta-data undergo a standardisation and quality assurance process and are available
without restrictions of use (free and open access). This information can be used to
enhance the information on ship movements. EMODnet is currently in the second
development phase and it is expected that it will be completed in 2020. The rest of the
data is available either from commercial providers or the different governments and
institutions.
AIS data is collected by coastal stations and satellites and it can be bought from
commercial providers. In terms of costs, there are providers of data from coastal
stations that already have operational online platforms that are supported by
subscription models. For example, IHS Maritime sells AISLive/Sea-web subscription
plans to their online platform and marinetraffic.com sells subscriptions from 9 to 269
€ per month, depending on the requested features.
The Oceana prototype gives us an idea of scale and data processing requirements. The
process started with a dataset of 3.7 billion data points, comprising two years of
satellite collection and covering 111,374 vessels. This dataset is one terabyte in size.
Data analytics and visualisation
Once the data is available, two stages of analysis are needed, first related to the
modelling and the analytics to identify patterns and types of behaviour for ships,
second to signal anomalies and suspicious cases.
A behavioural classification model is run on the datasets to identify fishing behaviour,
based on the vessel’s pattern of movement and speed. The Oceana prototype currently
covers over 25,000 unique vessels that were identified as carrying out fishing
activities, and the final visualisation comprises 300 million AIS data points. The
25

http://www.emodnet.eu
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fishing activity map in the prototype shows data from 3,125 vessels that were
independently verified.
The ‘Project Eyes on the Sea’ documentation discusses some of the behaviours that can
trigger an alarm. The use of vessel data is linked with marine reserve boundary data.
Patterns can be identified that include activity in closed fishing areas or unauthorised
switching off of AIS transceivers. While switching AIS transceivers off can be used to
try to circumvent detection, global coverage allows detecting when a vessel’s position
suddenly disappears from the dataset and reappears later elsewhere is flagged (or
when vessels are using duplicated AIS identifiers). Also, the system can detect close
proximity between vessels, which could signal that some of the cargo is being moved
between ships at sea. When an alarm is triggered, a team of trained analysts then
investigates it and relevant government enforcement organisations are notified. A
supporting evidence package is transferred to the authorities, who then proceed with
an appropriate response in case the rules were breached.
ESMA and ESTAT are also using AIS data for transport and CO2 emissions analysis,
but limited to the European space. Multipurpose use of this data is possible, but
should be extended beyond Europe.
Use of the data in policymaking
The systems that have been piloted allow government officials and other independent
analysts and groups of experts to identify and monitor activities at sea. Activities that
present specific activity patterns will trigger alarms, signalling potentially illegal,
unreported or unregulated activities.
These systems are early alert systems and can prompt the relevant authorities to take a
closer look into specific cases. They are more efficient than current established
procedures and reduce the amount of resources that are needed to monitor vast sea
extensions and fleets.
However, the evidence from these systems will need to be complemented by other
proof of wrongdoing. The way this is supposed to work is that evidence of suspicious
patterns will be packaged and sent to the proper expert teams within the relevant
authorities, and they will have the remit of investigating particular cases. This is
analogous to, for example, systems in the banking domain that flag suspicious credit
card charges or bank transfers. When an alarm for suspicious activity is triggered, the
case is passed on to a relevant expert team that verifies and checks the situation with
the involved parties. The systems will also enable authorities to share information on
specific suspicious vessels and patterns of activity, and thus increase international
collaboration in information gathering and enforcing activities.

3.5 Reflections on challenges and next steps
Two prototypes are currently testing the feasibility and potential implementation of
the idea launched in this use case. In addition, the prototypes allow the set-up and
training of the analysis models for this particular application. This is a necessary step
before these solutions can be validated and have sufficient legitimacy to be used in
policy-making. At the present stage (early 2016), the two prototypes still have some
limitations. For example, the project Eyes on the Seas launched its monitoring
activities by focusing on the Chilean territory surrounding the Easter Island, and the
Pacific island nation of Palau. The system initially focuses on helping the governments
of these territories to enforce these protected marine reserves, and the idea is that it
will be able to scale to other larger areas. In contrast, the ‘Global Fishing Watch’ has a
global reach from the outset, but the prototype operates using a snapshot of static data
from 2012 and 2013. The idea is that when the system is completed, it will switch to
using near real-time data streams, analysing current conditions while still having the
capacity to examine historical behaviour. Oceana stated in late 2014 that the system
would be fully completed by 2016, depending on funding conditions.
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Another interesting difference is that the Pew system seems to primarily facilitate
direct action of governments and authorities, while the materials from Oceana put
more emphasis on the fact that the system will be free and open from the outset (like
another layer on top of Google Maps) so that pressure for authorities to act will come
from external pressure groups, citizen activists, NGOs, media, etc. The role of NGOs
for this particular case is interesting and can have an effect in increasing public
awareness and holding governments to account. So far, governmental authorities have
been reluctant to provide information on fishing, citing confidentiality as an issue.
An advantage of using AIS data would be the scaling up of the current anomalies
detection system to the global scale, apart from the provision of near real-time
information. It would equally add a system of spotting misreporting in the established
framework. For example, one can identify cases where vessels have incorrect or
duplicated identifiers. Regarding the governance process, it would add a global
dimension and foster collaboration amongst several institutions at EU level, at least
amongst EU agencies EMSA, CFCA and Frontex. If the analysis were offered openly to
the public, this would add elements of open policy-making and allow pressure groups
and other activist organisations to also carry out monitoring activities.
The technical scalability of the demonstrators is possible by moving from the use of
snapshots to (quasi) real-time data and by expanding the focus from specific regions to
global coverage. As computing power improves (or more resources are dedicated to
such initiatives) the pilot projects can move from dedicated control systems (the
concept of a ‘watch room’) to a service that is widely available on the internet (i.e. the
Google approach). Additionally, new sources of information can be added in the
future, including: “additional satellite imagery, various types of optical imagery,
imagery from unmanned aerial vehicles, crowd-sourced photographs and sightings,
electronic signals such as radar on ships, and possibly radio broadcasts.” In order to
undertake this scaling up process, three things would be needed:
•

First, additional resources;

•

Second, validation of the models that involves experts from the relevant
authorities; and

•

Third, more countries and organisations across the fish and seafood value chain
would need to commit to use the system to ensure that they are not processing
illegally caught fish.

During the workshop of our project26 a possible synergy was pointed out. EMSA
together with Eurostat are using the same source of data (AIS) for the collection of
transport statistics and CO2 emissions. This broader use of AIS data by the EC
Directorate-General Mare & EMSA could increase the relevance and efficiency of the
data collection processes. An element that requires further consideration regards the
political and operational governance structure that would support and sustain this
data collection and analysis initiative: who would be responsible, who would be the
caretaker, and most important: who would be the funder?
Further reading
Web links of the two demonstrators
•

Global Fishing Watch. Available at: http://globalfishingwatch.org

•

Project Eyes on Seas. Available at:
http://www.pewtrusts.org/en/multimedia/video/2015/project-eyes-on-the-seas

26

The workshop report is available at www.data4policy.eu
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