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Executive Summary
The objective of WP3 Fishery Pilot is to demonstrate how Big Data can boost the fishery
sector. The Fishery Pilot focus is on two separate types of fisheries in two countries: Oceanic
Tuna fisheries in Spain and small Pelagic fisheries in Norway (13 million tons annual capture).
Six separate pilot cases have been defined, addressing key concerns such as the cost of fuel
and vessel maintenance as well as overfishing and fisheries planning. Therefore, the pilots
cover three separate viewpoints: Immediate operational choices (in each vessel during their
operations), fishing vessel trip and fisheries planning (general vessels trips planning), and
fisheries sustainability and value (longer term planning).
End users have been actively participating and giving feedback during the 36 months of the
project with presence from the beginning in the project kick-off meeting. Six fishing
companies are involved in the project to test the framework and give feedback for the most
useful implementation. The fault detection and energy efficiency tasks have been developed
for on-board and shore application with fishing company machinery surveyors. End users
from the fishing industry have advised about which data integration and visualization are
most useful for operations planning. Several fishing vessels owners have provided feedback
about the project objectives and how it can benefit them. Other end users are national and
international organizations interested on fisheries sustainably. There have been several
opportunities to show the project progress and receive feedback from these organizations
which include regional fisheries associations, ICES fisheries experts, FAO stakeholder
meetings and EFARO fisheries organizations.
Tuna oceanic pilots have achieved the installation of vessel fuel consumption monitoring
systems together with end users and the Big Data cluster for data storage, integration,
processing and visualization in AZTI facilities. Echebastar fleet has achieved during the project
over 30% fuel consumption on average across five fishing vessels.
Oceanic tuna fisheries immediate operational choices (Pilot A1) has all the vessels data
monitoring in place with periodical upload of data to server for shore analysis. Data analytics
are producing fuel consumption equations and propulsion engine fault prediction models.
The fuel consumption equations are being used to develop immediate operational decision
models and for B1 pilot planning analytics. The fault prediction models are used for
maintenance operation planning and to prevent unexpected engine malfunctions.
Oceanic tuna fisheries planning (Pilot B1) has components deployed and operational with
data to allow probabilistic forecasting of species distribution and to analyse changes in fishing
strategies leading to fuel consumption reduction. This changes in fishing strategies can be
summarized as a transition from a hunting approach to a harvesting approach where vessels
aim not to search for fish, but to take less risks and fish where is more likely that the fish can
be found and easier to capture. Buoy data is starting to be used to improve stock assessments
and it has the potential to allow better monitoring and planning of fish quotas fulfilment.
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Small pelagic pilots have been deployed to, and contributed to, the SINTEF Marine Data
Centre infrastructure. Central topics have been running services distributed among servers,
storage facilities and a revision of the data security and access management.
Small pelagic fisheries operational choices (Pilot A2) has installed instrumentation and
decision support systems onboard the planned four small pelagic fishing vessels. The decision
support system is powered by data collected over a long period of time. The vessel
instrumentation is connected to the SINTEF Marine Data Centre, and data is collected
automatically from the vessels when they are in range of shore-based cellular data networks.
Small pelagic fisheries planning (Pilot B2) has developed an operational service where
fishermen are able to investigate how fish catches have covaried with oceanographic and
biomarine factors. The service currently holds data from 2012 until today. The web service
also provides operational forecasts of the same oceanographic and biomarine factors,
providing decision support about where and when fisheries could be conducted most
efficiently.
Small pelagic fish stock assessments (Pilot C1) has aimed to demonstrate that big data can
benefit small pelagic fish stock assessments. The main idea has been to combine crowdsourced collection of hydroacoustic data with biomarine simulations covering small pelagic
species and the ecosystem that affects them. To this end, simulation of physical and biological
processes has been implemented, including small pelagic species. Models for automatic
classification of acoustic signals have been developed, with an accuracy over 90% in order to
differentiate fish aggregations from other acoustic signals. Also, methods for hydroacoustic
data acquisition has been developed.
Small pelagic market predictions and traceability pilot (Pilot C2) has aimed to predict prices
for small pelagic species. A web page has been developed, where the fishermen can
investigate how the prices and catch quantities have varied with e.g. location, season, year
and moon phase. This acts as long term decision support. Price predictions have been
developed, using Norwegian Mackerel as a use case. Based on machine learning methods and
data collected from various sources, price predictions are made. Even if the fish market is
highly influenced by psychological factors and strategies, the results are promising.
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Definitions, Acronyms and Abbreviations
Acronym
AIS
BDVA
BDT
CEN
DRL
EO
ESA
EU
FAD
FAO
fAPAR
GEOSS
GPRS
GPS
HPC
IAS
IACS
ICT
IoT
ISO
ISO JTC WG9
KPI
MRU
NDVI
NIR
PC
PPP
PU
RGB
RS
SMD
SMEs
SST
TRL
UI
UML
UVA, UVB

Title
Automatic identification system used for collision avoidance on ships and
by vessel traffic services.
Big Data Value Association
Big Data Technology
European Committee for Standardization
Data Readiness Level
Earth Observation
European Space Agency
European Union
Fish Aggregation Device
Food and Agriculture Organisation of the United Nations
fraction of Absorbed Photosynthetically Active Radiation
Group on Earth Observations
General Packet Radio Service
Global Positioning Service
High Performance Computing
Integrated Automation System
Integrated Administration and Control System
Information and Communication Technologies
Internet of Things
International organization for Standardisation
ISO Joint Technical Committee Work Group 9 - Big Data
Key Performance Indicator
Motion reference unit for precise measurement of vessel attitude and
motion
Normalized Difference Vegetation Index
Near-InfraRed
Personal Computer
Public-Private Partnership
Public
Red-Green-Blue
Remote Sensing
SINTEF Marine Data Centre
Small and medium-sized enterprises
Sea Surface Temperature
Technology Readiness Level
User Interface
Unified Modelling Language, often used in software design.
(UV) ultraviolet rays, (A) long wave, (B) short wave
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VMS
VRA
VTS
WFS
WMS
WMTS

Term
Big Data

In situ
WP (Work
Package)

D3.3 – Fishery Pilot Final Report
Final – v1.0, 30/12/2019

Vessel Monitoring System
Variable Rate Application
Vessel traffic services are a system to monitor traffic at sea, near ports and
offshore installations.
Web Feature Service
Web Map Service
Web Map Tile Service

Definition
Datasets that are so large or complex that traditional data processing software
is inadequate to deal with them and distributed computing technologies are
needed.
Latin phrase translated “on site” or “on position”- it means “locally” or “in
place” to describe an event where it takes place
A building block of the work breakdown structure that allows the project
management to define the steps necessary for completion of the work.
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1 Introduction
1.1 Project Summary
DataBio (Data-driven Bioeconomy) is a H2020 lighthouse project focusing on utilizing Big Data
to contribute to the production of the best possible raw materials from agriculture, forestry,
and fishery/aquaculture for the bioeconomy industry in order to produce food, energy and
biomaterials, also taking into account responsibility and sustainability issues.
DataBio has deployed state-of-the-art Big Data technologies taking advantage of existing
partners’ infrastructure and solutions. These solutions aggregate Big Data from the three
identified sectors (agriculture, forestry, and fishery) and intelligently process, analyse and
visualize them. The DataBio software environment allows the three sectors to selectively
utilize numerous software components, pipelines and datasets, according to their
requirements. The execution has been through continuous cooperation of end-users and
technology provider companies, bioeconomy and technology research institutes, and
stakeholders from the EU´s Big Data Value PPP programme.

DataBio has been driven by the development, use and evaluation of 27 pilots, where also
associated partners and additional stakeholders have been involved. The selected pilot
concepts have been transformed into pilot implementations utilizing co-innovative methods
and tools. Through intensive matchmaking with the technology partners in DataBio, the pilots
have selected and utilized market-ready or near market-ready ICT, Big Data and Earth
Observation methods, technologies, tools, datasets and services, mainly provided by the
partners within DataBio, in order to offer added-value services in their domain.
Based on the developed technologies and the pilot results, new solutions and new business
opportunities are emerging. DataBio has organized a series of stakeholder events, hackathons
and trainings to support result take-up and to enable developers outside the consortium to
design and develop new tools, services and applications based on the DataBio results.
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The DataBio consortium is listed in Table 1. For more information about the project see
www.databio.eu.
Table 1: The DataBio consortium partners
Number Name

Short name

Country

1 (CO)
2
3
4

INTRASOFT
LESPRO
UWB
Fraunhofer

Belgium
Czech Republic
Czech Republic
Germany

ATOS
SINTEF ICT
SPACEBEL
VITO

Spain
Norway
Belgium
Belgium

PSNC

Poland

CiaoT
TRAGSA
INFAI

Italy
Spain
Germany

NP
UHUL FMI

Greece
Czech Republic

InnoE
VTT
SINTEF Fishery
METSAK
IBM
MHGS
NB Advies
CREA

Italy
Finland
Norway
Finland
Israel
Finland
Netherlands
Italy

AZTI
KingsBay
Eros
ESAS
LiegFi
e-geos
DTU
Federu

Spain
Norway
Norway
Norway
Norway
Italy
Denmark
Italy

5
61
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
1
2

INTRASOFT INTERNATIONAL SA
LESPROJEKT SLUZBY SRO
ZAPADOCESKA UNIVERZITA V PLZNI
FRAUNHOFER GESELLSCHAFT ZUR FOERDERUNG
DER ANGEWANDTEN FORSCHUNG E.V.
ATOS SPAIN SA
STIFTELSEN SINTEF
SPACEBEL SA
VLAAMSE INSTELLING VOOR TECHNOLOGISCH
ONDERZOEK N.V.
INSTYTUT CHEMII BIOORGANICZNEJ POLSKIEJ
AKADEMII NAUK
CIAOTECH Srl
EMPRESA DE TRANSFORMACION AGRARIA SA
INSTITUT FUR ANGEWANDTE INFORMATIK (INFAI)
EV
NEUROPUBLIC AE PLIROFORIKIS & EPIKOINONION
Ústav pro hospodářskou úpravu lesů Brandýs nad
Labem
INNOVATION ENGINEERING SRL
Teknologian tutkimuskeskus VTT Oy
SINTEF FISKERI OG HAVBRUK AS
SUOMEN METSAKESKUS-FINLANDS SKOGSCENTRAL
IBM ISRAEL - SCIENCE AND TECHNOLOGY LTD
WUUDIS SOLUTIONS OY2
NB ADVIES BV
CONSIGLIO PER LA RICERCA IN AGRICOLTURA E
L'ANALISI DELL'ECONOMIA AGRARIA
FUNDACION AZTI - AZTI FUNDAZIOA
KINGS BAY AS
EROS AS
ERVIK & SAEVIK AS
LIEGRUPPEN FISKERI AS
E-GEOS SPA
DANMARKS TEKNISKE UNIVERSITET
FEDERUNACOMA SRL UNIPERSONALE

Replaced by partner 49 as of 1/1/2018.
Formerly MHG SYSTEMS OY. Terminated on 27/9/2019.
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
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CSEM CENTRE SUISSE D'ELECTRONIQUE ET DE
MICROTECHNIQUE SA - RECHERCHE ET
DEVELOPPEMENT
UNIVERSITAET ST. GALLEN
NORGES SILDESALGSLAG SA
EXUS SOFTWARE LTD

CSEM

Switzerland

UStG
Sildes
EXUS
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Softeam
CITOLIVA

France
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ECHEBF
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EHU/UPV

Spain
Italy
Finland
Spain

OGCE
ZETOR
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United
Kingdom
Czech Republic
Italy

SINTEF

Norway

1.2 Document Scope
This deliverable specifies each fishery pilot case advance and interactions with pilot users.

1.3 Document Structure
This document is comprised of the following chapters:
Chapter 1 presents an introduction to the project and the document.
Chapter 2 presents an overview and summary of the fisheries pilots.
Chapter 3 describes the individual tuna pilots.
Chapter 4 describes the individual small pelagic pilots.
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2 Fisheries pilots introduction
2.1 Pilots summary
The fishery pilots focus on two separate types of fisheries in two countries: Oceanic Tuna
fisheries in Spain and small Pelagic fisheries in Norway. The areas encompassed by these pilots
have an annual capture production above 13 million tons.
Six separate pilot cases have been defined, addressing key concerns as the cost of fuel and
vessel maintenance as well as overfishing and fisheries planning. The pilot cases cover these
three separate viewpoints: i) immediate operational choices, ii) fishing vessel trip and
fisheries planning and iii) fisheries sustainability and value.

Figure 1: Overview of fisheries pilots
The six fishery pilots are divided into three thematic groups (fisheries operation, planning and
sustainability) and two fisheries (oceanic tuna and small pelagic). Although the tasks are
broken down thematically in the project plan, e.g. as illustrated by the task status summary
in the following section, it makes more sense to present the pilots and the intermediate
results organized per fishery after the introduction as these share more implementation
commonalities than the general thematic groups. However, first a brief task and status
overview is given below according to the DataBio project description to link the pilots and the
task description in the Description of the Action.

Dissemination level: PU -Public

Page 14

H2020 Contract No. 732064

D3.3 – Fishery Pilot Final Report
Final – v1.0, 30/12/2019

2.2 DataBio fishery pilots task summary
This section is a summary of the four fishery pilot tasks and their results in the way they are
organized in the project. A more detailed description of the pilots can be found in the next
chapters. The numbering of the components used is the one detailed in D4.1.
•

•

Task 3.1 Co-innovative preparations (M1-M6)
• Objective: Specify needs and requirements of fishery users & stakeholders
• Results: D3.1 Deliverable, standardized modelling and descriptions
• Partners: VTT (2), TRAGSA (1), TRAGSATEC (3), SINTEF Fishery (4), ECHEBF (1)
Task 3.2 Fishing vessels immediate operational choices (M1-M36)
• Objective: Support operational decisions for optimization of energy
consumption
• Results: Operational datasets, vessel installations (LiegFI - C17.01, ECHEBF C19.01) and initial analytics (C16.01 OpenVA)
• Partners: SINTEF Fishery (12), Intrasoft (1), SPACEBEL (1), IBM (2), Softeam (1),
Azti (2), KingsBay (1), Eros (1), ESAS (1), LiegFi (6), EHU/UPV (8), ECHEBF (6),
VTT, InfAi, Exus

•

Task 3.3 Fishing vessel trip and fisheries planning (M1-M36)
• Objective: Support the crew with information to increase ability to find the
best suitable fishing grounds
• Results: Web service with biomarine forecast and historic dependencies
between small pelagic fisheries and biomarine properties. Datasets: Vessel
data, fish aggregation buoys, catch data and oceanographic datasets collection
• Partners: AZTI (13), INTRASOFT (1), SINTEF Fishery (11), IBM (1), KingsBay (2),
Eros (2), ESAS (2), Sildes (6), EHU/UPV (4), SINTEF ICT, EHU/UPV, ATOS, UWB,
SPACEBEL

•

Task 3.4 Fisheries sustainability and value (M1-M36)
• Objective: Big Data technologies for fish stock monitoring and pelagic price
predictions.
• Results: Echosounder data logging module (C17.01 extension), machine
learning for fish school detection (INTRA-LU) and price predictions, web service
for investigating price and catch dependencies.
• Partners: SINTEF Fishery (22), INTRASOFT (1), IBM (2), KingsBay (2), Eros (2),
ESAS (2), CiaoT (2), SINTEF ICT, INTRA-LU, SPACEBEL

2.3 Key related deliverables
D3.1 Fishery Pilot Definition
D3.2 Intermediate report and feedback from users
D6.3 State of the Art (Fishery chapter)
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2.4 Stakeholders engagement
Oceanic tuna fisheries
The following activities have been developed in order to engage with industry, policy makers
and other relevant stakeholders:
Echebastar Fleet S.L.U. is the main key industrial stakeholder providing data, access to their
ships and testing developments of oceanic tuna pilots. Echebastar Group was created in
February 1967 and their main activity is tuna fishing. Presently all their fleet works in the
Indian Ocean and its target market is mainly the canning industry. Echebastar is a well-known
company in the fishing tuna market, pioneering fishing in the Indian Ocean. They continuously
develop and modernise their operations to improve the sustainability of the tuna fisheries, in
a continuous and fluent relationship with institutions like AZTI, MSC, Earth Island, ISSF
Foundation. Following this aim of sustainable fishing, Group Echebastar has been the first
tuna company being included in the “Proactive Vessels Register (PVR)” of the ISSF Foundation,
and the company includes independent observers in all their vessels 365 days per year. Mr.
Gaizka Fradua as Director of Nets department and logistics at Echebastar Fleet SLU was
present in the kick-off meeting of the project, giving advice and feedback in the plans for
components to be used and how the data integration and visualization are most useful for a
tuna fishing company.
Regular meetings and phone calls have been held monthly between this user and the other
partners of the oceanic tuna pilot, in particular EHU/UPV and AZTI which coordinate the tuna
pilots. The meetings have been held with different departments of the company. The fault
detection and energy efficiency tasks have been developed and on-board machinery
surveyors have been involved. Apart of providing the data recorded on board in the
computers and owner’s server, the maintenance log books have been also checked. For fault
detection algorithm development, it has been necessary to analyse all historical on-board
reports in order to judge the extent of damage after each fault and to allocate the fault in a
specific kind of fault. Considering that there are 3 vessels involved in the project and up to 5
years of operations, many meetings and explanations have been necessary to understand
correctly the relevant on-board situations. In some of the meetings, also crew members have
participated to give a better understanding of actual situations on board. It has been
necessary to make adjustments and maintenance works in the on-board monitoring system.
This required attendance of owner's technical staff on board and engagement of some
subcontractors to carry out the modifications. All onboard works have been done in Indian
ocean harbours or repair docks, making long trips necessary. One new computer has been
installed on board a ship with IBM PROTON system operating on it and with remote
connection. This computer is connected to ship network and is monitored remotely to check
condition. All the maintenance and installation works associated with new systems and
monitoring systems have been carried out by owner or owner’s subcontractors.
Several meetings have been held with a buoy company interested in incorporating the
probabilistic modelling tested in DataBio to one of their new products to give advice to tuna
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fishing fleets. Based on this contact, a project proposal for further developing, testing and
adaptation to other types of fishing fleets have been submitted. Also, Echebastar is involved
in this proposal.
Fernandes J.A. gave a talk about Big Data in Marine Science: A few modelling examples.
Seminar "Smart data collection for the future
monitoring of the sea" during EFARO General Assembly
2017, 17 May, Brussels, Belgium. The European
Fisheries and Aquaculture Research Organisations, is an
association composed of the Directors of the main
European Research Institutes involved in Fisheries and
Aquaculture research. This is a high impact meeting that
can be attended or present only under invitation of
these organizations.
Scientific poster: Fernandes. J.A., Quincoces, I., Fradua,
G, Ruiz, J., Lopez, J., Murua, H., Inza, I., Lozano, J.A.,
Irigoien, X., Santiago, J. Fishery pilot B1: Planning of
oceanic tuna fisheries - Arrantza B1 kasua: Atun
tropikalaren arrantza plangintza. DataBio general
assembly 02 (Helsinki), 27-29
June, DOI:
10.13140/RG.2.2.22519.32165.
Fernandes, J.A. Member of ICES Workshop on Uses of Machine Learning in Marine Science
(WKMLEARN). April 16-20, 2018, Copenhagen, Denmark. The International Council for the
Exploration of the Sea is a leading multidisciplinary scientific forum for the exchange of
information and ideas on all aspects of marine sciences pertaining to the North Atlantic,
including the adjacent Baltic Sea and North Sea, and for the promotion and coordination of
marine research by scientists within its member nations. It was stablished a long-term
strategy to increase the use of machine learning and Big data methodologies (like the ones
developed in DataBio) for marine research. This strategy included the request to form an
official ICES working group (accepted), a project proposal for creating a network of scientists
(submitted) and starting a review paper to present previous successful applications and
guidelines for new developers or users to face the biggest challenges that are common (under
drafting).
Dr Fernandes is also invited speaker at the ICES working group on Shipping Impacts
(WGSHIP) which was created in answer to a request from DG MARE with the following
objectives: a) Conduct strategic planning through review of national research on shipping
interactions with the environment and report on priorities, knowledge gaps and opportunities
for further collaboration; b) Review availability of data on the intensity, geographical scope
and trends in current and future global shipping activity, including those in the Arctic and
in/near marine protected areas; c) Review and evaluate methods to assess the risk of shipping
on the marine environment, including estimates of accident probabilities and cumulative
effects; d) Review and identify possible mitigation strategies for decreasing noise (from
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shipping) in general and specifically in sensitive areas; and, e) Review and identify methods
for holistic management of shipping impacts, considering possible trade-offs across impact
types. In consistency of the aim of this pilot and the working group of reducing fuel
consumption, it was requested to be present by teleconference.
Fernandes, J.A. Chair and speaker of FAO
Atlas of AIS-based Fishing Footprint and
Effort - Preliminary findings. Side event at
Committee on Fisheries 33rd Session. 913 July 2018, Rome, Italy. The Committee
on Fisheries (COFI), a subsidiary body of
the Food and Agriculture Organization of
the United Nations (FAO) Council. The
Committee presently constitutes the only
global inter-governmental forum where
major international fisheries and aquaculture problems and issues are examined, and
recommendations addressed to governments, regional fishery bodies, NGOs, fish workers,
FAO and international community, periodically on a world-wide basis. COFI has also been used
as a forum in which global agreements and non-binding instruments were negotiated. Some
of the potential of using AIS data to reduce fishing effort within DataBio was presented.
Further work has produced the FAO Atlas of AIS-based fishing activity – Challenges and
opportunities where Fernandes, J.A. is one of the editors and author of several of chapters.
This publication was presented in a special session of an international event aimed to
policymakers worldwide: International Symposium on Fisheries Sustainability. Rome, 18-21
November 2019. This symposium is organized by the
Food and Agriculture Organization of the United
Nations (FAO) Council. The event where Dr Fernandes
was an invited speaker. AIS (Automatic Identification
System) offers the ability to create a global, highresolution map of fishing effort. The FAO, in
coordination with Fundación AZTI, Seychelles Fishing
Authority and Global Fishing Watch have published
the Global Atlas of AIS-based fishing activity to take
advantage of this unique dataset to create a more
detailed understanding of fishing effort, fill in gaps in
knowledge and validate existing datasets. The Atlas
describes, in detail, the strengths and limitations of
measuring fishing activity from AIS in each FAO region.
It compares fishing effort calculated through AIS
algorithms with those of VMS and logbooks, and it offers advice over how to interpret AISderived fishing effort. This event presented the prospects of AIS and the main findings in the
development of the AIS-based Atlas. The discussion will focus on the extent to which these
data and information can supplement other fisheries data, and the use of AIS based methods
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for monitoring and analysis for RFMOs, nations, researchers, and NGOs. We will also discuss
useful applications of effort reconstruction based on AIS and VMS data. The data gathered
and analysed in DataBio was key for catch data comparisons across the atlas and particularly
for the Indian Ocean chapter. In consistency of the aim of this pilot of reducing fuel
consumption, it was requested to do be present by teleconference.
Dr Quincoces was nominated in 2019 to be member of the Working Group on Technology
Integration for Fishery-Dependent Data (WGTIFD) of the ICES. WGTIFD has diverse
membership including technology service providers, academic and governmental marine
institutions, and non-profit environmental organizations, across a wide range of EU, US, and
Canadian fisheries. The WGTIFD’s primary objective is to examine the electronic tools and
applications that are used to support fisheries-dependent data collection, both on shore and
at sea, including electronic reporting, electronic monitoring, positional data systems, and
observer data collection. Dr Quincoces presented at the meeting the different technologies
developed in DATABIO for merging fisheries-dependent data with fishermen proprietary data
(buoys) and environmental data in order to research different aspect of the oceanic tuna
fishery.
DataBio work was presented at the annual ICES annual science conference 2019, the biggest
European Marine Science and Policy conference that is also among the biggest in the world
with many international participants from outside Europe. Fernandes presented DataBio
together with other applications of machine learning and Big data in the talk with title:
“Machine learning is not only for big data and big data is not only a lot of data: successful
examples in marine sciences with sparse and heterogenous data” within Theme session C:
Machine learning in marine science.
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Small pelagic fisheries
SINTEF Ocean is working with the Norwegian pelagic fishing fleet as the main stakeholders.
The stakeholders are in this project represented by Norges Sildesalgslag and the small pelagic
fisheries companies Ervik & Saevik, Eros, Kings Bay and Liegruppen.
In addition, the following activities have been developed in order to engage with industry,
policy makers and other relevant stakeholders:
Research Cruise with Eros AS, North Sea, June 2018 – North Sea herring purse seine fishing
Per Gunnar Auran and Joakim Haugen at SINTEF Ocean participated on a research cruise on
board "M/S Eros" June 12–18 2018 together with the Institute of Marine Research. The cruise
was initiated due to objective in other research projects, but the participation in the context
of DataBio was useful, nonetheless. Having a better insight in how on-board equipment and
sensors are used during various phases of a fishery operation is important to acquire so that
meaningful decision support systems based on Big Data technologies can developed.

DataBio General Assembly, Tromsø, June 2018: Fisheries stakeholder event and vessel visits
A fisheries stakeholder event and visit on-board two Norwegian oceangoing fisheries vessels
were organised during the DataBio General Assembly in Tromsø. The stakeholder event was
attended by fishermen, representatives from the Norwegian Fishermen’s Sales Association
(Råfisklaget) and fisheries market analytics firms. During the stakeholder event SINTEF Ocean
first presented the pilots for the stakeholders.

Figure 2: Visit to a vessel aiming for small pelagic fish in Norway.
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Representatives of the trawler Hermes demonstrated their current use of internet for
outreach to consumers and professional buyers of catch. The event was concluded with a visit
to the fisheries vessels Hermes and Gadus Neptun which were delivering catches at Tromsø.
Then the stakeholders participated in a systematic a mapping of ideas, current understanding
of the Norwegian fisheries sector and future application of Big Data technologies in fisheries.
The economic, resource and regulatory drivers were systematically mapped during
conversation with the stakeholders. The systematic mapping and relationship between
drivers were modelled during the stakeholder event.

Figure 3: Diagram of systematic mapping of ideas drafted with stakeholders.
Nor-Fishing, Fisheries Industrial Fair, August 2018 – DataBio presentation
Nor-Fishing is an important
biannual fair that attract actors
from all parts of the fisheries
sector, including fishermen and
ship-owning companies. During
this fair Per Gunnar Auran held a
short presentation of the DataBio
project with focus on the fishery
sector
work
package.
He
presented an overview of the
fishery pilots and the main
purpose of the project.

Dissemination level: PU -Public

Page 21

H2020 Contract No. 732064

D3.3 – Fishery Pilot Final Report
Final – v1.0, 30/12/2019

Invited speaker and debate participant at an open meeting arranged by the Norwegian
Pelagic Association
Karl-Johan Reite presented the
DataBio project at an open
meeting
arranged
by
the
Norwegian Pelagic association in
Bekkjarvik, Norway on the 17th of
September
2018.
The
presentation was focussed on how
big data could improve fish stock
assessments, improve fishing
vessels catch efficiency and lower
the energy consumption of the
fishing fleet. The presentation was also streamed for people not attending the meeting in
person. The meeting gathered a many of Norway's pelagic fishing vessel owners, as well as
other interested parties. After presentation from the Norwegian Institute of Marine Research,
SINTEF Ocean and a shipowner, SINTEF Ocean contributed in a debate about the future
methods for assessment of fish stocks.
Invited speaker at board meeting in the Norwegian Fishermen’s Sales Organization for
Pelagic Fish.
Karl-Johan Reite presented the DataBio
project at a board meeting in the
Norwegian
Fishermen’s
Sales
Organization for Pelagic Fish in Bergen
on 6th of December 2018. There were
20 attendees, dominated by Norwegian
fishing vessel owners. The presentation
described the fishery pilots and how
these could be of value for the
Norwegian fisheries. The presentation
triggered much questions from the audience and initiated a good discussion about methods
and how they could benefit from the project.
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Invited speaker at the Annual Meeting in the Norwegian Fishermen’s Sales Organization for
Pelagic Fish.
Karl-Johan Reite presented the
DataBio project at the Annual
Meeting in the Norwegian
Fishermen’s Sales Organization
for Pelagic Fish in Bodø on 24th
of May 2019. There were
approximately 100 attendees,
dominated
by
Norwegian
fishing vessel owners. The
presentation described the
results from the fishery pilots
and how these could be of value for the Norwegian small pelagic fisheries. The meeting
concluded that the Norwegian Fishermen’s Sales Organization for Pelagic Fish would engage
itself in supporting the DataBio work and their further development.
Invited speaker at the "Havblikk" conference
Karl-Johan Reite presented the
DataBio project at the "Havblikk"
conference in Midsund, Norway,
arranged by the North Atlantic
Institute for Sustainable Fishing.
There were approximately 90
attendees, which were mainly
Norwegian fishing vessel owners,
fishermen
and
international
scientists.
The
presentation
described the fishery pilots and how these could be of value for the Norwegian fisheries
through the FishGuider project where they will form the basis for commercial services. The
presentation triggered good questions and positive feedback from the audience.
Invited speaker and workshop participant at the "Havblikk" workshop
Karl-Johan Reite presented the
DataBio project at the "Havblikk"
workshop in Midsund, Norway,
arranged by the North Atlantic
Institute for Sustainable Fishing.
There were approximately 50
attendees, which were mainly international scientists and some Norwegian fishing vessel
owners. The presentation described the fishery pilots and how these could be of value for the
sustainable exploitation of the North Atlantic. After presentations from international
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researchers and national industry, several topics were discussed, revolving around issues such
as climate predictions and fisheries management.

2.5 Fishery pilots’ collaborations
The fishery pilots are based on several components and services being developed in the
project, as shown in Table 2.
Table 2: Overview of pilot-platform collaborations for the fishery pilots.
Pilot id

Lead

Pilot name

3.2.1.A1

AZTI

WP 3 Fishery Pilot A1:
Oceanic tuna fisheries
immediate operational
choices

3.3.1.B1

AZTI

WP 3 Fishery Pilot B1:
Oceanic tuna fisheries
planning

3.3.2.A2

SINTEF Fishery

WP 3 Fishery Pilot A2:
Small pelagic fisheries
immediate operational
choices

3.3.2.B2

SINTEF Fishery

WP 3 Fishery Pilot B2:
Small pelagic fisheries
planning

3.4.1.C1

SINTEF Fishery

WP 3 Fishery Pilot C1:
Pelagic fish stock
assessments

SINTEF Fishery

WP 3 Fishery Pilot C2:
Small pelagic market
predictions and
traceability

3.4.2.C2
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Component
❖ Netcdfs/Sentinel data (AZTI)
❖ C05.01 Rasdaman (ATOS-T5.3)
❖ PSNC
❖ C07.01 FedEO Gateway (Spacebel-T5.2)
❖ C07.04 Data Manager/Sentinel (Spacebel-T5.2)
❖ C07.06 Ingestion Engine (Spacebel-T5.2)
❖ C16.01 Open VA (VTT)
❖ EAF (EXUS)
❖ Proton (IBM)
❖ Data (AZTI)
❖ C05.01 Rasdaman (ATOS)
❖ C07.01 FedEO Gateway (Spacebel-T5.2)
❖ C07.04 Data Manager/Sentinel (Spacebel-T5.2)
❖ C07.06 Ingestion Engine (Spacebel-T5.2)
❖ C17.01 Ratatosk
❖ C17.02 STIM
❖ Long term operational data (KingsBay)
❖ Long term operational data (Eros)
❖ Long term operational data (ESAS)
❖ Long term operational data ( LiegFi)
❖ A2, B2, C1 and C2 shared infrastructure.
❖ C17.03 KRAKK
❖ C17.04 KORPS
❖ SINMOD biomarine simulations
❖ Copernicus Marine Environment Monitoring Service (CMEMS)
❖ Historic catches and transactions (Sildes)
❖ A2, B2, C1 and C2 shared infrastructure.
❖ C17.01 Ratatosk
❖ C17.02 STIM
❖ C17.03 KRAKK
❖ C17.04 KORPS
❖ SINMOD biomarine simulations
❖ Copernicus Marine Environment Monitoring Service (CMEMS)
❖ Historic catches and transactions (Sildes)
❖ Hydroacoustic data (Eros)
❖ C01.01 Intrasoft Linear SVM
❖ C31.01 Neural network suite CSEM?
❖ A2, B2, C1 and C2 shared infrastructure.
❖ C17.03 KRAKK
❖ C17.04 KORPS
❖ Historic catches and transactions (Sildes)
❖ Predictive analytics component
❖ A2, B2, C1 and C2 shared infrastructure.
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2.6 Data assets and data challenges
In addition to the volume, big data also exhibits other unique characteristics as compared
with traditional data. It is commonly unstructured and require more real-time analysis [REF09]. The fisheries pilots have all three aspects since they are likely to produce over 10 TB of
data per year and will come in a variety of forms and sources, such as human annotations,
time series of sensor data and spatio-temporal environmental data.
Table 3: Data production by DataBio fisheries pilots.
Dataset type /
Variety

Dataset

Volume
(GB)

Velocity
(GB/year)

Start date

Fish transactions Catch reports, economic figures

< 1GB

<0,07

20120101

Operational data ESAS
from vessels and Eros
buoys
KingsBay
LiegFi
Echebastar A1 pilot data
Echebastar UE Fleet data

88
86
86
2,3
30
903,8

18,8
20,5
19,6
17,1
5,4
602,6

20140901
20140903
20140826
20180731
20140101
20170101

EO, CMEMS, Met Ocean physics (current/temp)
Wave data (open ocean)
Biogeochemistry
Wind
Coastal waves (Met)
Oceanic Tuna EO + research data

310
283
99,8
325
1203
938,8

115,5
165,7
37,1
121,2
802
625,9

20160101
20161209
20160101
20160101
20160918
20170101

SINMOD

Historic oceanographic data
3244
Operational oceanographic data 2245
NOAA
atmospheric+SINMOD 1.1
input

374
2408
0.7

20110101
20180614
20180614

Hydroacoustics

SIMRAD EK80 series-echosounder 3,3
(SIMRAD SX90 Sonar
N/A
Simrad SN90 Sonar +echosounder 317

121,2
5402
Per cruise

N/A
N/A
20180612

WP3 Total

All fishery pilot data assets

11174

10167

2.7 Overall progress and benefits from the pilots
The pilots started at different TRL-levels due to the large variation in pilot areas. Several pilots
started at a TRL-level lower than usual for an innovation action. This implies that effort was
needed to build the pilot infrastructure before the end users could make use of the results.
The TRL-levels for central technologies for each pilot before and after the DataBio project are
shown in Table 4. As the table shows, large increases in the TRL-levels have been achieved in
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many areas covered by the pilots. The average TRL level of these technologies have increased
from 2.2 to 4.5, which is quite significant.
Table 4: Development of TRL-levels in the fisheries pilots.
Before After
Pilot A1
• Intelligent sailing and loading
• Engine failure prevention

4
2-3

5
4-5

5
4

6
5

1
1
1
1

3
3
4
4

3
1

5
6

1
3
1

3
4
3

2
3

5
7

Pilot A2
• Onboard acquisition of heterogenous data
• Onshore management and analyses of vessel data
Pilot B1
• Fusion of environmental data and tuna industry data
• Tuna fisheries strategies based on private/public data
• Tuna abundance estimation based on private/public data
• Probabilistic forecasting of tuna distribution
Pilot B2
• Service for investigating biomarine properties and fish catches
• Forecast service for biomarine systems
Pilot C1
• Assimilation of catch data into spatio-temporal fish model
• Fish abundance classification from hydroacoustic data streams
• Model for fish migration
Pilot C2
• Price predictions
• Historical catches and transactions services

In addition to increasing the TRL-level of necessary technologies and pipelines in the pilots,
the fisheries pilots have improved the cooperation and collaboration between participating
institutions. This combination has triggered several new projects and project initiatives based
on the use of Big Data within the fisheries sector. This is expected to further increase the use
of Big Data and Big Data technologies within fisheries significantly, which show the impact of
the DataBio project on future developments in this domain of the bio economy.
The detailed results of the individual pilots are found in the following sections.
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3 Oceanic tuna fisheries pilots
The aim of oceanic tuna fisheries pilots has been to improve economic sustainability of
oceanic tuna fisheries while reducing their emissions footprint. This double objective is
through reducing fuel use and therefore the cost. Tools of visualization of historical
environmental and vessel behaviour helped tuna companies detect improvement strategies.
The system aimed also to provide advice on potential strategies they could follow. Purse seine
is the surface gear that contributes most to the catch of yellowfin and skipjack globally.

3.1 Pilot A1: Oceanic tuna fisheries immediate operational choices
Introduction
The main targets of the pilot are energy efficiency on board and condition-based maintenance
of the propulsion system in order to reduce ship downtime and increase safety on board.
Ships recorded energy performance data with on board systems and uploaded the data
periodically to cloud services. The data were available for analysis by on shore services, like
company machinery superintendents. Data analytics have been used to analyse the recorded
data and obtain ships energy consumption equations that have been used for operational
decision-making together with outputs of the B1 pilot. The propulsion engine performance
data have been analysed with machine learning techniques to develop models that give
information of fault occurrence possibility in order to proactively participate in engine
maintenance. This way, minor faults could be solved in initial stage without compromising
vessel safety and operation prior to becoming major faults.
Item

Description

Pilot leader

Zigor Uriondo, EHU/UPV, zigor.uriondo@ehu.eus

Objective

•
•
•

Improve vessel energy efficiency
Predict machinery faults
Vessel loading to minimize fuel consumption

KPIs

Fuel vs kg catch & nautical miles sailed, catch efficiency

Focus

Historical data collection, collation and visualization. Proton deployment
on vessel

Progress
summary

•
•
•

ECHEBF – 3 Ships with 3 to 4 years operational data collected
Fish catches
Fuel oil consumption

Partners involvement
There have been five main partners that collaborated in this pilot:
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Partner

Task

Work Done

EHU/
UPV

Pilot and infrastructure
design and management,
data compilation.

Data and pilot coordination, evaluation of
applications and KPI

IBM

Application development
for event prediction with
IBM PROTON (C19.01) to
be installed on board to
work on-line in real
operation conditions

A computer has been installed in two of the
vessels which included IBM PROTON eventbased application. Performance trial was done
with limited number of variables. A
visualization interface for PROTON was
developed by VTT using their OpenVA
component in order to give information to user
(crew) of detected events. Final version
installed on board consisted of several rules and
up to 33 variables.

VTT

Using OpenVA (C16.01)
develop:
• Cloud based Ships’
performance
visualization
interface.
• Output interface for
IBM PROTON.

OpenVA for visualization of ship performance to
run in server has been developed. Initially ships’
performance data were uploaded to FTP server.
During the project owner changed data
uploading to Google Drive. It was necessary to
modify OpenVA to work with Google Drive that
is the final version. The solution developed
makes different analysis and comparisons
between ships in the fleet for benchmarking
and monitoring of energy performance. As well
as reports and graphical representation of
several parameters.
VTT also developed the UI for IBM PROTON on
board.

InfAi

Energy consumption data
analysis of one of the
vessels to obtain energy
consumption model.

Models have been developed and trained with
large datasets to have good models with high
accuracy and predict fuel consumption with
good precision.
The models were tested with files that contain
current
information,
buoys
position
information etc. Simulations of models'
performance and minimization algorithms.
Finally, it was not possible to implement the
models in the B1 solution because some of the
input variables of the models were not available
for B1.
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Following works were carried out:
• Data normalization & tuning
• Analyse and filter datasets (ships’ 20142018 data and crew logbooks with
faults)
• Develop ANN model for 3 vessels
• Develop UI to visualize deviations
between actual and predicted values.
Show also trends in deviation.

Execution
The chronology of execution of different tasks is indicated in table below.
For the on-line application developed by IBM, two computers were installed on board the
ships and two others were used to swap laptops after programming on shore (laptops were
replaced by researches of the project and crew shifts). Remote connection was possible but
rarely and with very low bandwidth (it was not feasible to work remotely in programming
tasks, just for light modifications). Dataloggers gave many problems on board due to failures
in the CF cards used for logging data.
InfAI developed energy consumption model that was intended to implement in the B1 pilot,
but the model used input variables that were not possible to introduce in the B1
implementation (like turbocharger boost pressure, draught, etc…).
VTT developed the visualization UI for IBM PROTON on board using OpenVA and also provided
some code to EXUS to download and extract compressed files from the ship owner’s Google
Drive with ship data. As well as the server-based analysis and monitoring system to analyse
vessel performance and compare between different ships of same fleet.
EXUS used ANN (Artificial Neural Networks) to develop models that could predict engine
parameters based in some inputs. EXUS also developed the UI to make analysis user friendly
and make the system usable for technical staff in ship owner’s company.
EHU/UPV managed collaboration between different partners and contact with vessel and
ECHEBASTAR technical staff and defined application requirements as well as testing the
solutions.
Table 5: Fishery Pilot A1 milestones and activities.
Step ID

Step description

1

Historical data collection: data recorded M3-M18
on board by monitoring systems and
data recorded manually (bunkering
data and fish captures).
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2

Analysis of collected data for energy
efficiency model development

M6 - M21

Local / InfAI (Germany)

3

Development of visualization
application of propulsion and operation
data recorded on board for
performance analysis (VTT).

M4 - M18

Basque Country (EHU) /
Finland (VTT)

4

Development of propulsion engine
monitoring tool based in event-driven
application (IBM).

M4 - M18

Basque Country (EHU) /
Israel (IBM)

5

Development of main propulsion engine M12 - M24
condition monitoring application based
in machine learning.

Basque Country (EHU) /
UK (EXUS)

6

Development of visualization
application of IBM PROTON installed on
board.

M23-M25

On board (remote) /
Finland (VTT) / Israel
(IBM)

7

Testing of visualization and analysis
application OpenVA (Trial I and Trial II)

M19 – M35

Basque Country (EHU) /
Finland (VTT)

8

Testing of IBM PROTON (Trial I and Trial M19 – M35
II)

Basque Country (EHU) /
Israel (IBM) / On Board

9

Testing of EXUS Fault detection solution
(Trial I and Trial II)

Basque Country (EHU) /
UK (EXUS)

M25 – M35

Historical data collection
The historical operational data of the ships of the Echebastar shipping company involved in
the project have been collected. Historical data consist of recorded parameters on board with
automatic recording system and manually recorded data by the crew (like fish catches and
fuel oil bunkering). The monitoring system records 117 parameters of ship’s propulsion
performance every 10 seconds and uploads the data to the server every 24 hours (propulsion
engine parameters, propulsion parameters, electrical energy consumption on board, etc.).
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117 ship measurements every 10s
1main engine (1)
2flows to/from engine
3propeller (1)
4aux engines (5)
5flows to /from aux engine
6fish hold (20)
Figure 4: Example of data measurement in a tuna fishing vessel within the DataBio
project.
There have been some difficulties in the analysis of the available historical data on board the
ships due to sensors malfunction and recording system problems. Some sensors have been
faulty for long periods, which required deeper data analysis to define periods of good
recorded results. As it has been already mentioned, not only the sensors, the Dataloggers also
gave many problems on board due to failures in the CF cards used for logging data.
Planning solutions of physical problems on board has been difficult, since ships call harbour
once per month in remote areas and in an unpredictable manner (depending on fish
captures). There have been logistic difficulties to solve the technical problems on board.
Despite the difficulties the historical data have been collected and tools have been developed
and tested.
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Analysis of collected data for energy efficiency model development
The energy efficiency target has been mainly pursued with a ship’s fuel consumption model
that has been used with weather models to give a more efficient route to go from point A to
point B. The energy efficiency model also assisted in deciding which propulsion mode
(constant speed or variable speed) and ship speed are most suitable from an energy efficiency
perspective. Skippers could use the information for decision-making.

Figure 5: R scripts used for the offline analysis of the engine data.
Offline software for monitoring ship performance has been developed and is used by owner’s
technical staff.

Figure 6: Fuel consumption data visualizer.
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Development of visualization application
VTT has worked with their Open VA platform to develop visualization tools for the recorded
data in a useful and friendly manner by users. A good visualization tool with indicators is very
helpful to data analytics and monitoring. The initial version of the application was tested in
more than one server. The initial server was used with the ship owners FTP, but data were
too big and the resulting application response too slow. The application was moved to a new
server and the performance improved and the system was faster and better. Initially
application was prepared to work with an FTP server. Ships were uploading one file every day
to the FTP server. The owner decided to change to Google Drive. Now ships upload files to
Google Drive and OpenVA has been modified to work with Google Drive.
The system provides graphic with different options (histogram, time series, boxplot, etc.), as
well as reports with calculated variables. The system also compares between the vessels of
same fleet.

Figure 7: VTT OpenVA visualization for vessel Key Performance Indicator (KPI)
comparisons.
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Development of propulsion engine monitoring tools
The propulsion system has been modelled to define a machinery healthy state condition. This
healthy condition is used as a reference condition in order to monitor changes of the engine’s
condition and predict faults in advance and prior to the occurrence. In this way, machinery
faults will be reduced along with the main engine downtime. The main engine is the ship’s
only propulsion engine. Hence, with reduced main engine downtime and machinery failures,
the overall safety on board increases. Energy efficiency is also improved with a good condition
of the engine. IBM has used their PROTON system to develop an event driven application for
main engine predictive monitoring. PROTON has been installed and is running on board on a
dedicated computer. PROTON has no proper visualization interface and VTT developed a userfriendly visualization interface to be used by crew. The interface enhanced the IBM PROTON
predictive tool capabilities, as it enables the vessel crew to assess machinery performance
and improve maintenance planning.

Figure 8: IBM PROTON Dashboard visualization.

Results
Pilot assessment criteria: baseline KPIs definition
The historical data of vessel performance have been collected and analysed to calculate the
Key Performance Indicator (KPI) values and to obtain the vessel sailing energy consumption
model. The KPIs and its equations have been defined. During the project, the calculation of
two KPIs have suffered delays, because regulatory changes in Indian Ocean has prevented
access to some values on fish catches. During 2017, new regulations entered into force in the
Indian Ocean regarding tuna fishing. Quotas were established, and ships had to stop. This
meant that the years with quotas were different from an energy point of view comparing with
the rest. Due to this, KPIs were recalculated at end of 2018 in order to include 2 years of
operation with new regulation, 2017 and 2018.
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After implementation of new regulations, no significant changes have been encountered in
the main KPI related with energy consumption and sailed distances. All the ships have been
repaired in the period analysed (2014-2019) and this has had an impact on the KPIs. When
vessels go to repair works, they are usually stopped a time period between 30 and 60 days.
In the repair period vessel is not sailing, hence, variables like fuel consumption and sailed
nautical miles suffer a reduction. This must be considered when trials are evaluated.
The data available in the recording systems on board have been analysed together with the
data available by the ship owners in their own records. These values have been used for the
calculation of baseline KPIs. Due to the delay from authorities to supply catch data, some
catch data have been provided by owner. These could differ from authorities’ data because
of different accounting method but should not show big differences. I.e., 2018 and 2019 data
have been supplied by the fishing vessel owner and the rest from the authorities. The catches
of last year are not yet available from authorities. They have been officially requested, but
authorities have not supplied the data. It is expected that 2018 data will be available during
2019 and 2019 data during 2020.
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3.2 Pilot B1 Oceanic tuna fisheries planning
Introduction
The purpose of this pilot has been to improve profitability of oceanic tuna fisheries by saving
fuel costs through fish observation and route optimization, without increasing the catch.
Purse seine has been the surface gear that contributes most to the global catch of yellowfin
and skipjack. For this fishery, we have aimed to improve two tuna fishing strategies: (1)
targeting fish swimming in free schools, and (2) targeting fish swimming around drifting
objects.
Item

Description

Pilot leader

Iñaki Quincoces, AZTI, iquincoces@azti.es; Co-leader: Jose A. Fernandes,
jfernandes@azti.es

Objective

Fuel consumption optimization by the use of tools that aid in trip
planning, by presenting historical catch data as well as attempting to
forecast where the fish might be in the near future.

Main KPI

Catch efficiency by kg fuel

Focus

Big data cluster
Data collation and component integration
Species distribution forecasting using statistical methods and machine
learning
Data visualization - prototype application

Achievements
summary

•
•
•
•
•

Big data cluster fully operational
Databases constructed (PostgresSQL)
Abundance data based on buoy data calculated
Forecasting of species distribution achieved
Visalization prototype achieved

Partners involvement
There have been six main partners collaborating in this pilot with the following roles:
Partner

Partners roles

AZTI

Infrastructure design and management, data fusion, spatial
database design, pilot coordination, buoy data processing and
species distribution forecasting.
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EHU/UPV

KPI data compilation (mainly catches and fuel consumption)

ECHEBF

Data and advice provider

SPACEBEL

Development EO data automatic CMEMS download
(FedEO C07.01)

ATOS

RASDAMAN database (C05.01) install and configuration for
automatic ingestion of EO data

LESPRO/University
of West Bohemia

HS Layers NG visualization program design.

Execution
An important part of this pilot was improving the AZTI hardware capacity in order to
accommodate the data acquisition, processing, analysis and visualization components. This is
summarised in Table 6.
Table 6: Fishery Pilot B1 milestones and activities
Step ID

Step description

Time period Location

1

Big data cluster

End 2017

AZTI servers in Spain

2

Deployment and testing
acquisition components

of

data Mid 2018

AZTI servers in Spain

3

Deployment and testing
processing components

of

data End 2018

AZTI servers in Spain

4

Historical data visualization components Mid 2018

AZTI servers in Spain

5

Test and deploy forecasting components End 2019

AZTI servers in Spain

Our solution has been composed of three parts. A first part has been dedicated to the storage
of data and components (software) that configure this platform solution. This first part
provides not only the storage, but also the computational capacity to run these components.
Modelling and analysis have been the second part of the solution composed of existing
algorithms to be adapted and new algorithms in order to give advice about species
distribution and fishing behaviour advice. Finally, the third part deals with the results from
the previous parts in order to visualize results and advice for the fisheries operators and
managers in a friendly and easy to understand way. See conceptual diagram:
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Figure 9: Solution conceptual diagram for oceanic tuna planning
Big Data cluster
Deployment and the Big data cluster has been a special type of computational cluster
designed specifically for storing and analysing huge amounts of structured and unstructured
data in a distributed environment. It has been composed of several units of processing and
storage that allow to configure multiple virtual servers to give service to the different
components (software) that compose this platform solution:
•
•
•
•
•
•

4 Hadoop servers
1 Rasdaman master
1 SPACEBEL components
master
1 PostgresSQL server
NFS storage
External backup

Testing of data acquisition components
Data acquisition components from SPACEBEL have been deployed and tested. The different
sources of data and the variables to be used have been identified and the scripts for automatic
retrieval tested. All the necessary databases have been defined and have been routinely being
fed by automatic routines.
EO data Component (SPACEBEL)
FedEO system has been configured to download daily data from Copernicus services. The
download has been sequential since downloads have been limited to 1 or 2 GB and logins
have been limited to one per user. Downloaded products have been stored in the big data
cluster to be processed by Rasdaman component. Sometimes CMEMS server
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(http://nrt.cmems-du.eu/motu-web/Motu) has been not stable and an alternative with less
products has to be used (http://nrtcmems.mercator-ocean.fr/motu-web/Motu).

Figure 10: Structure of SPACEBEL components for Copernicus data downloading
Several products from Copernicus have been identified as potentially useful:
•
•
•
•
•
•
•
•
•
•
•

GLOBAL_ANALYSIS_FORECAST_PHY_001_024
SST_GLO_SST_L4_NRT_OBSERVATIONS_010_001
GLOBAL_ANALYSIS_FORECAST_BIO_001_014
OCEANCOLOUR_GLO_CHL_L4_NRT_OBSERVATIONS_009_033
OCEANCOLOUR_GLO_CHL_L3_NRT_OBSERVATIONS_009_032
OCEANCOLOUR_GLO_CHL_L4_REP_OBSERVATIONS_009_082
SEALEVEL_GLO_PHY_L4_NRT_OBSERVATIONS_008_046
SEALEVEL_GLO_PHY_L3_REP_OBSERVATIONS_008_045
SEALEVEL_GLO_PHY_L4_REP_OBSERVATIONS_008_047
WIND_GLO_WIND_L4_NRT_OBSERVATIONS_012_004
GLOBAL_ANALYSIS_FORECAST_WAV_001_027

These products provide environmental variables (e.g. temperature, salinity, currents,
nutrients and chlorophyll) at resolutions that range from 4 to 50 km 2. Some of these products
provide also historical data from 1993 or 1997, while many have been quite recent and
provide historical data only from 2016 or 2017.
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Figure 11: Example of Copernicus data catalogue for a model projection covering all the
world oceans
Each product has been chosen based on the available temporal and spatial resolution,
coverage of the areas where the tuna fishing fleet operates. Each catalogue provides several
variables or potential predictors to be identified with high probability of tuna occurrence. Chla (chlorophyll), SSH and SST has been identified as good predictors of tuna distribution. This
allows detecting oceanic fronts and changes on productivity (available food for fish) which
impact the tuna distribution, whereas O2 (oxygen), thermocline depth and gradient or sub
temperature have been found to be good predictors of vertical and horizontal constraints
based on fish physiology (e.g. oxygen availability for efficient energy use). On the other hand,
as the fleet avoids strong winds and swell, weather and weather forecasts limit their
distribution.

Figure 12: Example of Copernicus data downloaded using SPACEBEL component from a
catalogue. Chlorophyll in the left and Oxygen in the right.
Ocean fronts calculation
Ocean fronts are the boundaries between water masses of different properties. These
hydrographic features have been recognised to enhance primary and secondary production
and promote the aggregation of commercial pelagic fish species. The ocean fronts for SST and
chlorophyll have been calculated with the Belkin and O’Reilly algorithm (Belkin and O'Reilly,
2009) implemented in the grec R library (R Core Team, 2018).
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Figure 13: Example of ocean fronts. Chlorophyll in the left and sea surface temperature in
the right.
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Deployment and testing of data processing components
One type of database has been used as appropriate for the different non-raster datasets: the
relational PostgresSQL with Postgis spatial extension in order to store fisheries and vessels
data. In addition, the Rasdaman framework, managed by ATOS provide fast generation and
integration of three-dimension raster-based data downloaded from Sentinel 3 or from
CMEMS, belonging to Copernicus programme as well as vessel data.

Figure 14: Rasdaman Petascope web interface showing available data (top left) Thetao
metadata description (Bottom left). Also, examples of data visualization of Copernicus
data from SPACEBEL, VMDR (top right) and MLOTST (bottom right).
Rasdaman is an open source array database system, which provides flexible, fast, scalable geo
services for multi-dimensional spatio-temporal sensor, image, simulation, and statistics,
which can handle huge amounts of data. Rasdaman server stores raster data in the file system
and related indexes in a SQLite database, while Rasdaman geo services, Petascope, uses a
PostgreSQL database to store all OGC compliant services metadata and it has been useful to
provide access to data and eases its visualization.
In this way the infrastructure has been achieving full information integration (e.g., latitudes,
longitudes, time coordinates, resolutions and other ancillary annotations.). Ad-hoc access,
extraction, aggregation, as well as remix and analytics has been enabled through a SQL-based
raster query language - the Rasdaman Query Language (RasQL)- with highly effective serverside optimization. The core features include: 1) truly multi-dimensional - 1-D, 2-D, 3-D, 4-D,
and beyond; 2) powerful, flexible query language for visualization, classification, convolution,
aggregation, and many more geospatial functions; 3) spatial indexing and adaptive tiling for
fast data access; 4) parallelization and “tile streaming” for unlimited scalability from laptop to
cluster and cloud; 5) full information integration of raster data with all geo data in the
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PostgreSQL database; 6) support for the raster-relevant OGC standards; and, 7) integration
with ‘R’ programming language.

Figure 15: Example of Catch data and Vessels route data (VMS) recorded in vessels and
stored in the PostgreSQL database to be combined with Copernicus data using Rasdaman
component.
Historical data visualization components
The component has been based on HSLayers JS library. It provides an ability to read and
display geospatial data available in various raster and vector formats, through different
services (WMS, WMS-T, WMTS etc.). The component allows to control the visualization by
additional (non-spatial) dimensions of the data. In this specific case, those have been time
and depth. This has enabled the user of the application to choose time and depth level, if
those dimensions have been part of the data/service.

Figure 16: Example of web visualization of WMS-T services provided by CMEMS using HS
Layers.
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Test and deploy forecasting component
Data processing flow to learn the probabilistic models
The data processing scheme is shown in Figure 17. Each data processing step is represented
as a rectangle. Inside this, the main steps and the programming language used have been
detailed. Two data sources have been processed: Environmental variables and tuna fisheries
data. Previous developed and tested scripts have been used when possible. Then both data
sources have been merged into a geographical grid, and to do so different grid templates have
been created by varying the cell resolution (e.g. 0.5°, 0.25°, 0.1°).

Figure 17: Scheme of the data processing flow for models’ development.
The first step has been to download the environmental data from Copernicus and JPL at time
frame needed and by daily steps for the studied geographical area. After that, two derived
variables have been calculated, fronts of chlorophyll concentration (CHL) and fronts in sea
surface temperature (SST). Finally, the environmental variables have been merged with the
grid template in a daily time step.
Tuna fisheries data processing also started with the collection of the raw data. Due to the
different sources of fisheries data, different formats and some errors have been present,
making it necessary to clean and reformat the different raw datasets. VMS and logbook data
have been combined to be able to calculate the fishing and cruising effort by each vessel.
Observer data came in two parts: Vessel activity and catch information. The former has the
trip information such as trip start and end date, speed, latitude and longitude among others.
The latter has the information of catches, in our case species and kg fished. The last source of
data comes from the buoys attached to fishing aggregating devices (FAD), these datasets
provide the accurate information on the geo-location of the buoy and rough estimates of the
biomass aggregated underneath.
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Finally, environmental variables and tuna fisheries data have been merged with the possibility
of use different time scales, such as daily, weekly or monthly.
Buoy data processing for biomass indexes and model learning data
The probabilistic forecasting of species distribution requires the treatment of acoustic data
obtained from echosounder buoys for tuna biomass estimates that guide the model learning
process. However, even within the same tuna company, they use buoys from multiple
manufacturers. This demands a harmonization of inter-buoy/brand acoustic data processing
for consistency (Figure 18). Here we present the methodology used for setting all data sources
at the same acoustic units and equivalent sampling volume (Figure 19). This requires the
integration of common target strengths (TS), species composition and fish lengths
information to convert the acoustic signal on biomass estimation.

Figure 18: Example of different ranges of echosounders depending on the buoy
manufacturer.
This acoustic data processing from brand-specific abundances to harmonized acoustic data
follows the following steps (see also Figure 19):
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Figure 19: Acoustic data processing flow chart.
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Step 1: Join position data and acoustic data based on buoy ID and date.
Step 2: Buoy manufacturer 1 provide biomass in tons. This biomass data is converted to
volume backscatter (Sv) in decibels reversing their formula for the biomass computation
(Equation 1). In contrast, buoy manufacturer 2 provides a 0-7 or 0-15 scaled presence indices,
which were converted to decibels using conversion tables from manufacturer 2.
Step 3: A unique position value was available for the acoustic data recorded in a given day,
but each acoustic register had the real stored time. Consequently, the position for each
acoustic record was interpolated based on this stored time.
Step 4: Data was filtered to exclude erroneous location, data related to failures in satellite
communication and location data acquisition, identifying buoys on land positions using a highresolution shoreline buffered with 0.05° shapefile, and identifying buoys recording data
onboard a vessel (Table 7).
Table 7: Filters applied to remove unwanted buoy data.
FILTER
Isolated
Duplicated
Land
Ubiquity
Onboard

Description
Isolated Position (>48 hours from another position or estimated speed
above > 35 knots relative to next/previous position)
Duplicated data (all fields are the same)
Data on land
Data entry having from the same date/time different positions
Buoys on board

Step 5: The parameters introduced at the biomass estimation formula are specified in Table
8.
Table 8: Species, target strength (TS), mean fish length and species distribution, all
expressed as %, used in this study
Species

Bycatch

Skypjack

Bigeye

Yellowfin

TS (b20) for MI

68.7

-76

-65

-70

TS (b20) for SAT

68.7

-70.5

-72

-72

Mean Fish Length (cm)

30

Species distribution (%)

100

Mean by strata* Mean by strata* Mean by strata*
% by strata*

% by strata*

% by strata*

* “by strata” means that species composition (pi) and mean length (Li) are estimated per spatio-temporal strataa (from ICCAT): Stratum 1, 1x1 degree grid, year, month; Stratum 2, 1x1 º grid, trimester and Stratum 3,
Large regions, trimester.

Mean species proportions in weight and mean fish lengths were extracted from ICCAT
(International Commission for the Conservation of Atlantic Tunas). Three strata were defined
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to aggregate the mean species composition and mean fish lengths from each strata: first
strata, 1º x 1º grid, year and month; to fill uncovered acoustic data from first strata, 1º x 1º
grid and year quarter was used and the third strata was used to feed remaining uncovered
acoustic data taking data from large regions and year quarter. Large regions for the Indian
Ocean were: region 1, longitude <70E and latitude >10N; region 2, longitude <70E and latitude
<10N, region 3: longitude >70E and latitude >10N; and region 4, latitude <10S). Conversion
from fish lengths to weights was done using weight-length relationships from ICCAT. Then,
the following TS-length relationships were used to obtain linearized target strength per
kilogram:
(Equation 1) 𝜎𝑖 =

10(20log(𝐿𝑖)+𝑏20,𝑖)/10
𝑤𝑖

Latest values for SKJ ([REF-03]) and BET ([REF-03]) were used and the most accurate values
for the YFT ([REF-10], [REF-02]) were acquired from scientific bibliography.
Step 6: Finally, we calculated biomass using standard abundance estimations equations [REF11]:
(Equation 2) 𝐵𝑖𝑜𝑚𝑎𝑠𝑠𝑖 = 

𝑠𝑉 ∙𝑉𝑜𝑙∙𝑝𝑖
∑𝑖 𝜎𝑖 ∙𝑝𝑖

where Vol is the sampled volume and 𝑝𝑖 and 𝜎𝑖 are the proportion and linearized target
strength of each species i respectively.
Since we are facing single catches with multiple acoustic soundings, the optimum percentile
values (from 50 to 99 percentile) to aggregate acoustic estimates in one single value were
tested in a sensitivity test. R-squared values and p-values from each linear regression
(catch~acoustic estimate) where used to evaluate the best percentile value per each buoy
model (Figure 20).
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Figure 20: Sensitivity tests for the Indian Ocrean.
Around 10000 catches on FADs collected by observers were crossed with acoustic soundings.
As a preliminary study, we first displayed the linear regressions between the acoustic
estimates (the most appropriate percentile value was taken from the sensitivity test) and the
total tuna (skipjack, yellowfin and bigeye) catch data (in tonnes) in order to assess the
relationship of both estimates (Figure 21).
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Figure 21: Fitted regression coefficients, r squared vales, p values and N values for each
model.
Results showed that despite the high variability, the regressions were statistically significant
and with a positive trend. Lower number of matches between buoys and catches were found
for M3+ as this buoy model is less common in the Spanish fleet.
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Machine learning (Bayesian networks) for probabilistic forecast
Machine learning approaches that are characterised by having an explicit underlying
probability model, which provides a probability of the outcome, rather than simply a forecast
without uncertainty are being evaluated to apply to tuna fisheries in Indian Ocean. Bayesian
networks (BNs; Jensen and Nielsen, 2001) are a paradigm suitable to deal with uncertainty,
providing an intuitive interface to data. These intuitive properties of Bayesian networks and
their explicit consideration of uncertainties enhance the confidence of domain experts on
their forecasts ([REF-06], [REF-07], [REF-08]). This machine learning approach was used here
to forecast the likelihood of finding high biomass of tuna.

Figure 22: Conceptual diagram showing a Bayesian network to forecast tuna biomass
based on satellite data and models combined with fisheries data.
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Results
Probabilistic forecast of tuna distribution
The methodology developed in [REF-06] is a pipeline of supervised classification methods
which include feature selection, features discretization and the learning of a naïve Bayes
classifier (a type of Bayesian Network). To predict the tuna distribution, the following features
(or predictors) were chosen: Chl-a, net primary production, temperature, salinity, oxygen,
nutrients and currents velocity. Initially, only publicly available catch reports were used. This
gave poor results. The results did, however, improve significantly when additional data from
a tuna company were used. This highlights the importance of close collaboration with the
industry. The final model can forecast successfully the areas with lack of tuna 80% of the
times. In other words, it can help fishing vessels to identify and avoid areas that would
otherwise cause fuel to be wasted. The model has also been able to forecast areas of high
biomass with only a 25% of false positives, so it has been right ¾ of the times. The model has
been validated using 10-fold stratified cross-validation.

Figure 23: The scale shows areas of higher probability of finding high biomass of tuna.
Green circles show successful fishing attempts and in red circles failed fishing attends. Thin
lines at sea show Economic Exclusive Zones (EEZs) showing territorial waters where only
the country fleets and authorized fleets can fish.
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3.3 Business Value and Impact for oceanic tuna pilots (A1 and B1)
The historical data of vessel performance have been collected and analysed to calculate the
Key Performance Indicator (KPI) values. For the analysis the newest vessels of the fleet have
been used since these are better equipped for monitoring purposes. These are 3 vessels that
have similar configuration, structure and machinery, making them very suitable for
comparison and benchmarking. The vessels analysed started operation gradually between
2014 and 2015. Historical data since start of operation have been used for KPI calculation.
The data available in the recording systems on board have been analysed together with the
data available by the ship owners in their own records. The final KPI calculations of Trial 2
result have been calculated using captures and fuel consumption of 2019 (see table below).
Table 9: Fishery Pilot A1 assessment criteria.
NAME

DESCRIPTION

BASE VALUE

SFO_NM

Propulsion Engine Specific Fuel Oil
volumetric consumption per sailed nautical
mile while fishing.

77.64

L FO/Nm

LFO_kgCatch

Ship specific Fuel Oil volumetric
consumption per kilogram of fish caught
(total fuel oil consumption including
auxiliary engines).

0.4424

L FO / kg
Catches

FO_consumption

Total Fuel Oil Consumed by the vessel per
year of operation.

SOGave

Average ship velocity in steaming
condition.

kgCatches

Total fish caught per year.

Sailed_NM

3,756,580
8.00

UNIT

L
knot

8,505,580

Kg

Sailed nautical miles per year.

44,932

Nm

LFO_day

Fuel Oil consumed by the vessel per day of
operation.

15,433

L/day

Day_trip

Average value of days spent per fishing
trip (from departure to return to harbour).

24.41

day/trip

NM_trip

Average value of sailed nautical miles per
fishing trip (from departure to return to
harbour).

4,648

Nm/trip

The year 2019 has not ended at the time of calculating the KPIs, but all vessel operations are
finished, and they are moored in harbour. The vessels have stopped fishing because they have
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reached their maximum allowable catch quota and are not allowed to continue fishing
operations. This means that values like catches and sailed miles are final for 2019. The total
fuel oil consumption of the vessels will however increase towards the end of the year due to
use of the auxiliary engines while moored. It is, however, estimated that this added fuel
consumption would only increase the total consumption approximately 2% to 3%.

Figure 24: Total Sailed Nautical miles and fishing days (3 ships).
All the 3 ships used as reference to obtain the KPIs have been repaired within the period
analysed (2017-2018) and one of them has been also repaired during 2019. When vessels go
to repair works, they are usually stopped a time period between 30 and 60 days. In the repair
period, the vessel is not sailing, hence, variables like fuel consumption and sailed nautical
miles suffer a reduction in the year of the repair work that would be in the order of 10% of
total fuel consumed. Anyway, this has to be considered within usual operation of ships and
not likely to impact total fish caught by the ship and its fuel consumption by caught ton. Every
3 years maximum, a ship has to be repaired and will be stopped around 30 days. This means
that basically every year one of the vessels will be repaired and KPIs will suffer the same
impact every year caused by engine stop. Being this “repair effect” already considered in the
analysis cycle.
When analysing the KPIs, it is necessary to consider the regulatory changes in the Indian
Ocean in 2017 regarding tuna fishing. Quotas were established and ships had to discontinue
their fisheries operations. This means that it is difficult to compare the energy efficiency of
the tuna fishing vessels operating in the Indian Ocean before and after the new regulations

Dissemination level: PU -Public

Page 54

H2020 Contract No. 732064

D3.3 – Fishery Pilot Final Report
Final – v1.0, 30/12/2019

were effective. Also, as the quotas are varying from year to year, their influence on the energy
efficiency of the vessels will vary from year to year.
Due to this quotas policy, a clear decline in the total fishing days and total sailed nautical miles
has occurred since 2016. This declining tendency is less in 2019, and 2019 values are basically
similar to 2018 values. There is a very slight increase of sailed days during 2019, but that could
be because there were two ship repairs in 2018 and only one in 2019. All this suggests that
the fleet has adapted to the new situation.

Figure 25: Total consumed fuel oil and fuel oil consumed per kg of catch (3 vessels)
Although a clear decline in sailed miles and sailed days is clearly observed in the graph, there
is no similar tendency in the catches. The catches have increased. And considering that sailing
days and consumed fuel has been reduced, the fuel oil consumed per kilogram of catch has
been noticeable reduced.
Although a clear decline in sailed miles and sailed days is clearly observed in Figure 25, there
is no similar tendency in the catches. Therefore, fuel oil consumed per kilogram of catch has
been noticeable reduced. This is partially explained by a decrease in vessels’ speed (Figure
26). Both variables follow same tendency what is quote logical. A vessel’s energy consumption
follows a pattern of energy consumption that roughly varies with the third power of velocity,
i.e. energy consumption proportional to speed in the power of three (V3). This value is a rough
approximation but is valuable for a tendency analysis.
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Figure 26: Average fuel oil consumption and average vessel speed during sailing (3 vessels)
Although this analysis has been based on only 3 vessels, and they are sister vessels equipped
with monitoring systems, it is worth mentioning that all the five ships of this fleet reduced
their ratio between fuel consumption and catch during 2017. The reductions were from 4%
to 30%, with a 19% reduction on average. During 2018, further reductions (16 % on average)
can be observed in relation to 2017. This means an average reduction of 33% during 2017
and 2018 in relation to 2014-2016 averages. It is unclear if these reductions have been
maintained during 2019 due to data delays (e.g. multiple countries authorities involved)
and the impact of management changes which require further analysis and verification.
However, it is not possible to distinguish how much of this improvement is due to DataBio
technologies or other continuous and ongoing initiatives to improve their operations and
sustainability such as the MSC certification, bioFADs or new Indian Ocean fisheries
management regulations. Certainly, the project has helped the company to consider a more
holistic approach to their operations, looking not only at the catches, but also at the fuel
consumption. The data collection done in the DataBio project has made it possible to identify
some strategies that explain this reduction. On one hand, they have changed from a hunting
strategy to harvesting strategy based on knowing better were the fish is, instead of searching
for it. On the other hand, a reduction of speed while maintaining the amount of caught fish
suggests an optimization of fishing operations. A possible reason for this is improved
screening of data and improved data analysis by the crews. Although this cannot be directly
linked to the DataBio project, we cannot neglect the contribution of DataBio to this improved
analysis capability and increased fishing efficiency. Ship owner and crews have been involved
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in the project and this always improves people involvement and consciousness with the
subject of the projects, in this case, fish the same with reduced environmental impact.
As highlighted in the stakeholder engagement, other potential benefits are in terms of the
datasets from different sources combined which is leading to further applications of DataBio
outcomes for fisheries management. This is highlighted in the collaboration with Food and
Agricultural Organization of United Nations (FAO) and the building of tuna indexes based on
buoy and observers’ data. Similar collaborations for data sharing and collaborative research
have started with the European DG Joint Research Center Directorate for giving advice to the
European Commission. This improvement on stock estimation and management has a direct
impact on both the Echebastar fleet and other tuna fishing fleets, since it is required for
sustainable certifications and to avoid sudden closures of the fishing due to quota restrictions.
A project proposal has also been submitted for integrating and improving the DataBio
technology with real-time buoy data monitoring in partnership with a buoy company. Similar
further exploitation of the knowledge developed during DataBio is expected to continue. For
example, adapting some of the work from tuna pilots to small pelagic and vice versa or to
other type of vessels and fisheries that operate differently but to which adaptation is possible.
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4 Small pelagic fisheries pilots
There are several nations engaged in fisheries after small pelagic species in the north Atlantic.
The fishermen of the various countries share common biological resources in the form of fish
stocks and primary production. The fish stocks are regulated by international agreements and
each year the UN agency FAOs ICES group monitor the stocks, give advice on the amount of
each fish stock may be harvested in order to preserve the resources for future generations.
The national governments then set the yearly quota for their fishermen (mostly) in
accordance with the advice from ICES and the international agreements governing transnational fish stocks. The fishermen then receive an allotted quota from their national
government and must harvest this in accordance with national laws and regulations. The
fishermen therefore do not control how much catch they are permitted to catch each year,
their only method of ensuring profitability and continued investment is to plan, operate and
harvest the resources in an fashion that is efficient and yields sustainable prices for the catch.
The Fishery pilots A2, B2, C1 and C2 focus on the fisheries for small pelagic species in the
North Atlantic Ocean from a Norwegian standpoint. The topics for the pilots are vessel
operation, fisheries planning, market prediction and estimation of fish stocks. The
stakeholders of these activities are in the entire value chain of the Norwegian socio-economy
system; they are engaged in operation of fishing vessels, marketing, trading of fish, product
processing plants, biological and technological researchers serving the fisheries sector, as well
as the government bodies responsible for regulating and managing the sector. While the
fisheries sector contains numerous stakeholders, this project only includes the fishermen and
market perspective with the participating stakeholders:
1. The vessel operator stakeholders are in this project represented the ship owning
companies Ervik & Saevik, Eros, Kings Bay and Liegruppen. These companies operate
large ocean-going vessels which combine purse seining and pelagic trawling in the
North Atlantic.
2. Norges Sildesalgslag (Norwegian Fishermen’s Sales Organization for Pelagic Fish) is a
sales organization, owned and operated by fishermen. Due to Norwegian law, this
association has monopoly of trade in pelagic species from Norwegian vessels
regardless of catch location, and for all pelagic fish caught in Norway’s EEZ regardless
if the catch is made by a Norwegian or international vessel.
The project therefore has easy access to both vessel-generated data and market data for the
Norwegian part of the fisheries for small pelagic species in the North Atlantic. The small
pelagic fisheries pilots in DataBio rely on participation from the vessels and the sales
association, and therefore share technical infrastructure.
The main research partner in these pilots is SINTEF Ocean, which in the form of being a
research institute for ocean technologies, is both a stakeholder and participant. SINTEF Ocean
has as a part of this project initiated the SINTEF Marine Data Center (SMD) to take advantage
of big data tools in collecting, combining and providing value from a large variety of data
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sources. Such data sources include both vessel sensors, public data sources and
oceanographic simulations.

Figure 27: Overview of data sources, stake holders and components in the pelagic fisheries
The small pelagic fisheries pilots are highly dependent on big data technologies, both for
modelling the ocean environment and the fish stocks as well as processing harvested data.
The datasets, stakeholders and analytic needs are illustrated in Figure 27. The data needed
includes satellite data (meteorological and oceanographic), model data (predictions and
hindcasts), local measurements (shipborne instruments) and reports on fish catches and
sales:
•
•

•
•

•

Onboard measurements from e.g. echo sounders, navigation, machinery and propulsion
are provided by the shipowning companies Ervik & Saevik, Eros, Kings Bay and Liegruppen.
Meteorological data and hindcasts/forecasts are collected from satellite-based
oceanographic measurements from CMEMS, NOAA and other sources as input for daily
predictions.
Oceanographic data and hindcasts/forecasts are provided by the SINTEF SINMOD model.
All pelagic catches landed in Norway since 2012 are provided by Norges Sildesalgslag.
They have developed an API for making these data available for the pilots. The data are
continuously updated as new catches are landed. This provides locations, amounts and
price for each catch. Each catch is typically defined in terms of approximately 70 variables,
such as catch size, where it is caught, sale price, storage method, sales method etc.
Catch areas and other definitions are provided by The Norwegian Fisheries Directorate,
such as definitions of various codes representing fish species, catch areas, conservation
methods, storage methods, seller, vessel and so on. These data are necessary to interpret
the data from Sildelaget.
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Historical currency exchange rates are found from the commercial bank DnB
(https://www.dnb.no/en/currencylist/historical).
World Bank, EMODnet, Comtrade, Eumofa, Eurostat, ICES and Statistics Norway offer
various data which are of interest when developing price forecasts for pelagic species.

A common architecture approach has been chosen for implementing the small pelagic pilots,
starting from the project background related to the "A2 – Immediate operational choices"
pilot (e.g. Ratatosk vessel logging system and STIM analytics software) and including the three
new pilots as different aspects of fisheries planning. The goal has been to implement one
overall architecture capable of handling the needs of all four pilots, adding specific dataset
and analytics requirements from each pilot implementation. The resulting shared
architecture is presented in the next section, while how it is used in the individual pilots is
described in the individual pilot summaries.

4.1 Partners involvement
The main partners collaborating in these pilots, as well as their main roles are briefly
summarised below:
Partner
SINTEF
Ocean

INTRASOFT
Sildes

Main role and activities
• Work package leader.
• Improvements to the SINTEF Marine Data Centre infrastructure.
• Develop data collection module for market data assets.
• Develop web applications visualizing historic and forecasted catch
data.
• Hydroacoustic data collection API to CF-convention netCDF.
• Systematic data scraping, storage, collation and hosting in data
centre.
• Fish school classification with ML algorithms (C01.01)
•
•

Eros

•
•

Kings Bay

•
•

Implementation of JSON-based data portal.
Detailed information on all pelagic catches landed in Norway since
2012.
Review app prototypes & comment
Collection of full-scale measurements:
o Hydroacoustics
o Wind
o Water current profile
o Machinery
o Operations
Review app prototypes & comment
Collection of full-scale measurements:
o Wind
o Water current profile
o Machinery
o Operations
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Review app prototypes & comment

LiegFi

•

Esas

•
•

Collection of full-scale measurements:
o Wind
o Machinery
o Operations
Review app prototypes & comment
Collection of full-scale measurements:
o Wind
o Machinery
o Operations
Review app prototypes & comment

•
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In addition, the pilots have benefited from the help of other partners and third parties with
technology choices and the like. These contributions are summarised below:
Company

Contributions

SINTEF
Digital

•
•

Archimate modelling
Participation in fisheries hackathons

SPACEBEL

•
•

Assist on data availability from CMEMS
Help set up data fetch service for CMEMS and Sentinel 3

ATOS,
PSNC

•
•
•
•

Initial cooperation talks
Investigate the use of dockerized Rasdaman
Host VESPA & computing
Participation in fisheries hackathons

SINTEF Nord

4.2 Common implementation approach
The small pelagic fisheries pilots had overlapping needs for data centre resources, so the
provisioning of such resources has been a priority for these pilots. Since the SINTEF Marine
Data Centre was created for similar tasks and the people involved had good knowledge of its
structure, this was chosen as a basis to develop the necessary shared resources for the pilots.
This already included the background for pilot A2, giving this a rapid initial development.
Much of this infrastructure has been developed in collaboration with other research projects,
most notably the H2020 project SmartFish (Grant Agreement No 773521). As the DataBio
project proceeded and the functional requirements for the pilots B2, C1 and C2 were
identified, SMD was extended with the necessary functionality and resources.
Many potential Big Data technologies for the pilots were identified during the pilot
specification phase for the D3.1 deliverable. This has been continuously refined as the pilot
implementation has proceeded and planning has been done in more detail. This has led to
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the common architecture design for the four small pelagic pilots. This design has had a focus
on reusability and the technologies needed for a minimal viable system. The dataset
representations are standardized to use JSON for thin data (like catch reports, market and
position data) and metadata, while netCDF is used for large volume data like EO,
hydroacoustic and oceanographic data.

Shared architecture for the small pelagic fishery pilots
An overview of the main elements in the architecture shared between the small pelagic
fisheries pilots is shown in Figure 28. The relationships between them are not drawn, due to
the large number of elements and how many of them take part in different pipelines. The
most relevant components of the shared architecture will be explained in the following, in a
structure resembling that in Figure 28.
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Figure 28: Overview of the SINTEF Marine Data Centre architecture in terms of technology
elements.
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Services
•
•
•

•
•
•
•
•
•
•

•
•
•

•
•
•
•
•
•

Infrastructure
Smdoauth: This is a web service based on Flask. Its purpose is to decide if a web
request is to be allowed, denied or sent to login.
Dockerregistry: A Docker registry internal to SMD.
Glusteraccess: A service mediating access to the gluster shared storage. Access rights
are controlled using public key cryptography, which again is maintained using a
combination of saltmain and keyweb.
Saltmain: A service running Saltstack for managing the configuration of onshore
servers.
Saltvessels: A service running Saltstack for managing the configuration of ship servers.
Keyweb: A web service distributing the public keys and the access they are to be
granted on onshore and ship servers.
Artifactory: A web service distributing built software.
Dcosbootstrap: A service for updating and installing DC/OS master and agent nodes.
Haproxy: The load balancer fronting internet-facing services which are not based on
DC/OS.
Incoming: Both a gateway for accessing the ship servers and a temporary file storage
where the ship servers send their sensor data when they have internet
communication. The data are then written to the file storage behind corporate
firewalls using datafetcher. Further curation, monitoring and analysis is then
performed behind corporate firewalls. Access to these data are governed by public
key cryptography.
Datafetcher: Moves ship sensor data from incoming to gluster.
Aptly: Distributes own software built into Debian packages.
Chronos: Deploys periodic and dependent tasks to DC/OS. This is used to drive many
of the data pipelines, specifically datafetcher, sinmodtransport and corrections,
transformations and analyses of SINMOD data and data from ship sensors.
Redis: Key-value store used for web server session data.
Sinmodtransport: An internet-facing temporary file storage where the results from
oceanographic simulations are sent, before they are moved into gluster.
Dnsmasq: Provides DNS services internal to SMD.
End user services
Smdweb: Main web service for end user access. It distributes web pages as well as
data. Based on Python Flask, uWSGI and Nginx.
Smdwebdev: The development version of smdweb.
Statusweb: Web service for assessing the status of ship deployments in terms of last
contact and installed & running software versions.
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Data access
Geoserver: Distribution of geospatial data, mainly the results of oceanographic
simulations using SINMOD.
Couchdb: SMD caching of data collected by datascrapers. This is established in SMD
for caching the data from the datascrapers. CouchDB was selected for its replication
abilities, as this makes it easy to keep a local database in the developer’s computers
synchronised to the main database. This facilitates efficient development of data
handling methods.
Postgis: Distribution of some geospatial data, such as catch reports.
Analysis
Stimanalysis: Container with internal tools for analysis of time series. Used mainly by
chronos to perform periodic analysis of data from ship sensors.
Beaker: Service providing Jupyter with a collection of kernels and extensions. Used for
exploratory data analysis.
HPC
SINMOD: Software for running simulations of physical and biomarine oceanography.
The high-performance computing cluster Unity is used for simulating and predicting
oceanographic processes and properties, such as salinity, temperatures, nutrients,
plankton and fish stock migrations. This system uses earth observation data, as well
as catch reports from the DataBio partner Sildes.

DC/OS
DC/OS is comprised of masters, agents, load balancers and a single bootstrap node. This
installation acts like a resource for deploying services in a scalable and repeatable way. It also
has functionality for making services available from the internet without exposing internal
systems. More info about the DC/OS system and its installation can be found at
https://dcos.io, and will not be discussed here.
•

•
•

DC/OS is set up with three masters. This setup gives tolerance to one server failing.
This is important not only to continue operations when a server fails, but it also
permits maintenance without causing service interruptions.
DC/OS is set up with eight agents. These are the servers doing the actual work. As they
are managed by saltmain, adding new servers or replacing failing servers is simple.
DC/OS is set up with two load balancers. These make services running on the DC/OS
agents available on the internet and a SMD-internal network, respectively. The
external load balancer also is responsible for only allowing traffic to the services as
verified by the smdoauth service.
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File storage
The majority of the file storage is provided by a cluster of three servers running GlusterFS.
This cluster provides three logical, POSIX-compliant filesystems as network storage:
•
•
•

Replica1: Files in this filesystem are spread between three servers.
Replica2: Files in this filesystem are spread among the three servers such that each file
always exists on two servers.
Replica3: Files in this filesystem are spread among the three servers such that each file
always exists on three servers.

These levels of replication between servers give redundancy in the case of server failure. In
addition, the file systems on each server are protected by redundancy, data integrity
verification and automatic repair using the ZFS file system. This gives redundancy as
protection against hard disk drive failure on both the file system level and between servers
on the server level.
Build nodes
Both internally developed and third-party software are built periodically and on changes by a
number of build nodes for each supported platform. These build nodes are using Atlassian
Bamboo. The platforms and number of agents are:
•
•
•
•
•
•

Debianbuster (7 agents): These agents run Debian Buster and the GCC version 8.3.
They run on DC/OS as docker containers.
Debianstretch (7 agents): These agents run Debian Stretch and the GCC version 6.3.
They run on DC/OS as docker containers.
Debianjessie (7 agents): These agents run Debian Jessie and the GCC version 4.9. They
run on DC/OS as docker containers.
Debianclang (7 agents): These agents run Debian Stretch and the Clang compiler
version 5.0. They run on DC/OS as docker containers.
WindowsVs15 (4 agents): These agents run Microsoft Windows 10 and Microsoft
Visual Studio 2017.
WindowsVs14 (4 agents): These agents run Microsoft Windows 7 and Microsoft Visual
Studio 2015.

Common architecture in view of the BDV reference model
As a common reference framework to locate Big Data technologies on the overall IT stack, the
BDV reference model shown in Figure 29 will be used. This has been developed by the Big
Data Value Association (BDVA), taking into account input from technical experts and
stakeholders along the whole Big Data Value chain, as well as interactions with other related
public-private partnerships. It addresses the main concerns and aspects to be considered for
Big Data Value systems. The BDV Reference Model distinguishes between elements that are
at the core of the BDVA and elements that are not. It is also structured into horizontal and
vertical concerns.
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Horizontal concerns cover specific aspects along the data processing chain, starting
with data collection and ingestion, and extending to data visualisation.
Vertical concerns address cross-cutting issues, which may affect all the horizontal
concerns. In addition, vertical concerns may also involve non-technical aspects.

Figure 29: The BDVA reference model.
The developed infrastructure covers most of the concerns of the BDV Reference Model.
Specifically, the horizontal concerns are addressed by the following parts of the common
architecture:
•
•
•
•
•
•
•

Data Visualisation and User Interaction: Web services (described in individual pilots)
Data Analytics: Web services, STIM
Data Processing Architectures: Chronos, STIM
Data Protection: Haproxy, OIDC, Oauth2, smdoauth
Data Management: Gluster, datafetcher, datagrabber, sinmodtransport
The Cloud and High Performance Computing (HPC): SINMOD
IoT, CPS, Edge and Fog Computing: Vessel sensors and acquisition, Ratatosk
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4.3 Specific technologies
In the shared infrastructure, some technologies deserve specific mentioning.

Oceanographic modelling
The in-house oceanographic modelling tool SINMOD is used to simulate the physics and
biology in the ocean, see Figure 30.
The simulation data are made from a nested setup of a large-scale model covering the North
Atlantic and Arctic seas in 20 km horizontal resolution, nested to 4 km resolution. Boundary
conditions and atmospheric input for the large-scale model are acquired from the Mercator
Global Ocean model system and the NOAA Global Forecast System respective. Atmospheric
input for the 4 km model is acquired from the 2.5 km MetCoOp EPS system by the Norwegian
Meteorological Institute. The satellite data are downloaded from the product METOFFICEGLO-SST-L4-NRT-OBS-SKIN-DIU-FV01.1 in the Copernicus data base.
The output from the simulations are stored in files containing physical variables like ocean
current, temperature and salinity in hourly samples, and files containing biological variables
relevant for pelagic fisheries like nutrients, phytoplankton and zooplankton in daily samples.
Horizontal fields are stored at 34 depth levels from 10m to 4500m with varying resolution
which is highest in the upper part of the water column.
The model incorporates data assimilation of sea surface temperature from METOFFICE.

Figure 30: How SINMOD is used for oceanographic modelling.

Data scrapers
Data scrapers are implemented for 9 data sources: Sildes, the Norwegian Fisheries
Directorate, World Bank, EMODnet, Comtrade, Eumofa, Eurostat, ICES and Statistics
Norway. The data are collected and transferred to a local storage database, using a standard
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document format based on JSON. The data scrapers are implemented in Docker containers
and run periodically by Chronos on Mesos (DC/OS).
Methods for extracting data from the CouchDB database and creating the necessary data
structures for the web application have been created, which also are implemented in Docker
containers and run periodically by Chronos on Mesos (DC/OS). These data structures are
written to files on the Gluster file storage.

Web service deployments
A web service has been implemented using Python Flask. It is based on the transaction data
on the Gluster file storage. The data are visualized in a map and in multiple graphs along
several dimensions, such as time, day-of-year, moon phase, year, location and species. The
JavaScript library Crossfilter is central, as it enables interactive and multidimensional filtering.
The combination of visualization and filtering has proven very powerful for analysing and
understanding patterns in the historical transactions and catches.
The web service is deployed on SMD and made available from the internet using uwsgi, nginx
and HAproxy. Since the auction prices in the transactions data are not public, mechanisms for
user access control were needed. To support single sign on and also access control of arbitrary
services, a solution was developed where the access control was lifted out of the individual
web services. This solution is based on the HAproxy load balancer and a dedicated web
service. For each incoming request, the external load balancer checks with the security web
service if the user has access to the service and path that is requested. The security web
service answers with either "ok", "no" or "needs login". In the latter case, the load balancer
redirects the user to the login. The login is based on OAuth2 and OIDC. For performance
reasons, the security web service is deployed on the same physical host as the external load
balancer.

4.4 Hackathons
Several hackathons have been performed to investigate how various technologies may be
used for creating value from available data. Some of these results are shown in the figures
below.
Figure 31 shows how fish landing reports can be combined with web components for
analysing historical catches, with focus on fishing locations, catch size, boat type and fish
species. This can enable both fishermen and buyers to better understand the catch and
landing patterns and how they interact.
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Figure 31: Hackathon result: Development of web components for analysis of historic
catch data.
Figure 32 shows how the best fishing locations can be visualised in a map. The predictions are
based on available catch data and oceanographic simulations. Such predictions can help
fishermen target the best fishing locations, saving them large amounts of fuel and emissions.

Figure 32: Hackathon result: Example of catch data analysis and predictions.
Figure 33 shows how detailed information from individual trawl hauls can be used for
assessing fuel usage and how the specific fuel consumption per kg fish develops during the
trip. This is thought to be of value when making decisions about when to discontinue a fishing
trip and return to shore for landing of the catch.
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Figure 33: Hackathon result: Analysis of individual trawl hauls.
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4.5 Pilot A2 Small pelagic fisheries immediate operational choices
Introduction
Background
Advanced ocean-going vessels are used for targeting small-pelagic fish stocks in the north
Atlantic. The need for advanced, and flexible, vessels emerges in the fisheries as common
small-pelagic species require different fishing gears in the form of trawl and purse seines.
Another feature of the small-pelagic species is their schooling behaviour and migration in
contrast to the more geographically concentrated demersal species. The pelagic fleet must
therefore search for fish over large areas. When the fish is located the gear is deployed, either
targeted efficient purse seine for species like herring and mackerel, or mid-water trawl gears
to meticulously cover large areas for species such as blue whiting. The time and energy spent
on searching for fish, harvesting and transportation of catch therefore varies with yearly
quotas on the different species, species migration patterns and the time a vessel use to
identify resources for harvest. Modern vessels have therefore evolved to include flexible
power production systems suitable for several modes of operation since fuel is the
dominating operational cost in fisheries.
The main motivation of fishermen is the harvesting of fish, not operation of the vessels power
production system. With increased system complexity the potential for optimal operation of
the machinery systems may be of less interest than the collection of revenue from catches.
The data produced on-board the vessel from the increasing number of sensors may still give
the crew valuable information if digested and presented in a concise form.
Pilot objectives
This pilot improves the operation of relatively complex machinery arrangements on-board
small-pelagic fisheries vessel through big data technologies. The crew is advised on how the
current performance of the vessel is compared to past performance by measuring the current
state of the vessels and building a database of long-term historic performance. The energy
needs of the vessel for propulsion power, deck machinery, fish processing and general
consumption are met by the same power generation system. The vessels machinery systems
may meet the requirements of the crew in a variety of ways, but do not contain a feedback
on efficiency or suggest actions to re-configure power production and distribution.

Execution
The pilot has allocated time to harvesting data, analysing the results and maintaining an onboard decision support system. Vessel energy balance is a highly local phenomenon which is
unsuitable for remote measurement. Equipment must be installed to harvest this data and to
transmit it to shore for curation and analysis.
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Figure 34: Bridge of Norwegian small-pelagic vessel. Engine control system on far screen,
fish finding, gear sensors and navigation displays at center.
Technological background
The roadmap for the pilot was split in three major parts with an initial phase for deployment
of data collection and on-board system platform together with collection of data for baseline
performance. The initial phase is being followed by two iterations of pilot experiments with
big data methods applied to immediate operational choices on-board vessels targeting small
pelagic fish stocks. The A2 pilot followed updates from the “C17.1 Ratatosk” data collection
framework and “C17.2 STIM” data analysis tools. These tools were used to transform a vessel
from a collection of separately interfaced systems to a unified data stream and to analyse
data both on-board and on-shore.
The hydroacoustic data on-board the vessels were not collected due to the difficulty of
automatically harvesting the data in a consistent fashion as the data is dependent on usersettings on the bridge controls. The hydroacoustic data has a higher data volume, by several
orders of magnitude, than the regular power and navigation data and is not available as a
standard signal on the vessels3.
Fisheries for small-pelagic species is dominated by smaller companies, which may operate
one or two vessels. The vessels are therefore seldom similarly equipped sister vessels, but
separate new building projects for each company with different choice of machinery
configuration, and suppliers of machinery, propulsion and control systems. The separate
vessels must provide a common signal "package" if a similar decision support system is to be
deployed on all vessels. New data streams have been analysed during vessel operation and a
common signal "package" is deployed on all vessels by the use of synthetic signals which are
3

Different hydroacoustic systems on the vessels with different, or lack of, data sharing capabilities also hindered
adaptation of hydro-acoustic data in the common vessel power and navigation data stream.
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used to complete the signal package and are derived form a combination of signals available
on-board. The last part of DataBio project has been spent on trials, collecting data, quality
assurance of data streams, remedying equipment faults and making a method for feedback
of shore data to the vessels.
Technology pipeline
The technology pipeline in this pilot follows the data from production to either advice or
analyses. The pipeline is as follows
1. Data originates in proprietary systems on-board the vessels, such as the power
management system or engine control system.
2. Data source is interfaced and collected into a common data stream with "C17.1
Ratatosk". C17.1 is a distributed publish subscribe software which contain interface
mechanisms for common connection types and communication protocols used onboard vessels
3. The received data is processed by "C17.2 STIM" which is a collection of tools to process
and analyse time-series data. The data is then split into two sub-pipelines
a. Decision support on-board
i. Data is added to local database which builds a comprehensive memory
about the vessels possible (practically attainable) performance
ii. Current data is compared to the on-board database of performance
and transmitted to the decision support program on the bridge
iii. The decision support program shows the crew the current performance
of the vessel together with all past observed (optimum) performance
b. Data collection, curation and analyses on-shore
i. Data is synced to shore when 4G high speed mobile data link is
available.
ii. Data is added to the "SINTEF Marine Datacenter" for secure storage
iii. Data is processed and possible correction steps taken in order to
ensure a consistent dataset (signal name changes, removal of outliers
etc) with "C17.2 STIM" tools.
iv. Data is made available to researchers as a complete dataset of the
vessels past operation
Data used in the pilot
This pilot used exclusively private data on-board vessels. Data about the vessel motion in
waves, transit speed, energy producers and energy consumers have been harvested in realtime. The real-time data is used both as an indication of how the vessel is operating 'right
now' and used to build a statistical database of past performance of each individual vessel.
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Implementation
Collection of data from vessels
Machinery, navigation and energy
consumption data has been collected
from installations on board three of
four vessels. Data is acquired
continuously, and each vessel produce
2–4MB of time series data stored in
NetCDF files each hour. The fourth
vessel in this pilot received on-board
systems and data acquisition software
in the first half of 2018. The collected
data comprise the navigation, power
production and consumption as well as
fuel and loading condition data where
available. All four vessels with data
collection was integrated with SINTEF
Marine Data Centre or both uploading
data and remote management of onboard data acquisition system. SINTEF Marine Data Centre provides data storage, updated
analyses and data curation. The data is buffered and transferred from vessels to the
datacentre when the vessel is within range of a high speed cellular broadband network.
The pilot encountered reliability problems with data from one of the vessels as the data
harvesting suddenly stopped. The equipment on-board the vessel was replaced, and the
cellular modem was identified as the point of failure. The data collected during the downtime
was retrieved and transferred to the SINTEF Marine Datacenter in order for the data to be
transferred back to the vessel.
Decision support planning and implementation
The pilot was modelled with the ArchiMate software modelling framework in in the
preparatory phase to document the drivers, goals, possible courses of action and units of
measurement. Stakeholder business drivers and key performance indicators were derived in
this stage, but the immaturity of the pilot starting from scratch made the modelled KPIs
difficult to track during the pilot phases. The modelling showed a complete picture formed by
the set of "small-pelagic" pilots for the fisheries.
During the matchmaking session of the DataBio meeting in Helsinki in June 2017 the
technologies of EXUS and IBM were identified as possible DataBio platform components with
application for the A2 pilot. IBM Proton technology might be a general solution for processing
on-board events while the technology from EXUS was less suited due to the off-line and
possibly unattended analysis envisioned on-board vessels at sea. An exploratory analysis of
the data collected from the vessels currently equipped with the data acquisition software was
performed and led to an initial demonstration of IBM’s Proton technology for processing of
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events from the vessels power production system. The processing of events was not
successful due to ad-hoc rules defined for testing purposes and the variation in data as
produced continuously on-board an operational vessel. The ad-hoc rules triggered none or
numerous events when the test data was sent through the event processing framework.

Results
Summary
The incoming data which has been collected, stored and curated from the four pilot vessels
and samples are shown in Figure 35 and Figure 36. The figures show minute averaged data
points (originally collected each second) and show timestamped vessel velocities and
propulsion power (kW). Different operating modes are clear in this dataset, and the pilot
decision support system aggregates this data into historic data used as feedback to the master
for decision support in immediate operations. In addition to the signals shown, signals such
as fuel consumption and distribution of energy to the different vessel main consumers are
used in the decision support system. It should be noted that the number of minute averaged
points in these plots are in the order of 600,000 to 1,400,000, while the original dataset
contains 60 times this amount.

Figure 35: Timestamped vessel velocities from the data collected from the four pilot
vessels.
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Figure 36: Minute averaged data showing speed (m/s) vs. propulsion power (kW) for the
vessels in the pilot. The regular transit speed-power relationship is the curve defining the
front of the point cloud, while high-power pelagic trawling is seen as a separate cluster to
the left
The data shown in the preceding figures are the raw data on which decision support and
analyses are based on. The data can be further analysed by breaking down the operational
modes. Figure 37 shows the relationship between the thrust force from the propeller and the
vessel speed. The white area is combinations of thrust and speed which are not in the data.
This figure shows the demand for energy in pelagic trawling as well as transit and the
existence of an operational mode distinct from transit with high thrust requirement.
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Figure 37: Relative frequency of normalised propeller thrust vs speed. Pelagic trawling is
in the red region in the top left area
Business impact of the pilot
The immediate business impact of the pilot technology is in the ship owning companies and
how they choose to use the tools, and not least, the data. The tools for decision support might
be generalised into a service sold to several companies, but additional value is in the data and
subsequent analyses. The bossiness impact of the pilot can be seen in three different
perspectives
1. Usage of the on-board decision support system to reduce energy (fuel) usage leading
to direct saving on operational cost
2. The commercialization of the method and software used to implement the pilot
3. The use of the collected data by the shipowners when designing new vessels
The first and last point has the potential for highest value, especially the last point since the
shipowners now possess a large database of operational data which mirrors their usual mode
of operation. New vessels may now be designed to suit their business model based on longterm measurements of their actual operational needs. The fuel saving is more difficult to
classify due to the yearly variability of the operational patterns of the vessels 4.

How-to guideline for practice when and how to use the technology
The collection of data from operational vessels must be carefully planned. The four different
vessels in this pilot were of different designs and with different outfitting of engines, power
management system, propulsion control and machinery. An important aspect for future uses

4

As well as accumulated errors from noise in real-time fuel consumption readings
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is to maintain a compatible set of sensors on-board different vessels, this has been important
since all vessels are different, but engaged in the same activity. The reliability of the real-time
data has also made direct application of 'of-the-shelf' analysis technologies more difficult,
since they were not designed with noisy signals in mind. Data curation is therefore of great
importance in the future to build and maintain reliable datasets.
The offline, and intermittent connectivity, of vessels also pose some challenges in regard to
big data technologies which rely on data centres or backends to process and analyse data.
The technologies for use on-board vessels must be autonomous or have extremely small data
demands as satellite connections are expensive and metered. Technologies must be deployed
on-board and not require access to either updated external data or be dependent on
delivering fresh data to shore in order to be useful.

Summary and conclusion
This pilot has deployed data collection to a diverse set of vessels (although only four vessels,
they were all different) and used data analysis to give decision support for vessel crews based
on analyses and processing of large amounts of data. The pilot has built a comparatively large
dataset which will prove valuable in the future for both researchers and fisheries companies.
Such datasets were not available previously.
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4.6 Pilot B2 Small pelagic fisheries planning
Introduction
Background
One important challenge in pelagic fisheries planning is to determine which fishing ground
location to seek for a targeted specie. Some pelagic species display migratory behaviour, with
patterns that repeat every season. There are seasonal variations that make it difficult to plan
the execution in terms of location and timing. Since the seasonal variations are likely
attributed to different bio-marine conditions, the ability to scrutinize these phenomena
historically may contribute to the skipper's and / or the chief of fishing operations' decisionmaking process when devising a plan on when and where to efficiently catch a specific specie.
Pilot objective
The main objective of this pilot has been to make use of big data technologies in the pelagic
fisheries planning. The work in the pilot focused on developing services that can help improve
the vessel operation planning with better fishing ground targeting and improved timing of the
fishing execution. In particular, the pilot goal was to create a web application that provides
map visualizations of historical data of catch and bio-marine conditions.

Execution
A bottom-up approach, in terms of the BDVA reference model, was executed. In short, this
means that Data Sources was first identified and exploited, then necessary steps to ensure
proper Data Management and Data Processing Architectures were implemented. Finally, the
pilot work focused on Data Visualization.
Technical background
There was some relevant technical background available on which the B2 pilot could be built.
Specifically, a central component to exploit was SINMOD, which is a numerical ocean model.
This model needed to be configured and setup to produce the relevant output for this pilot.
SINTEF Marine Data Centre is a crucial piece of infrastructure that has been extended and
adapted so that it could host relevant processing tasks and services in the pilot. Beyond these
components, no other assets were available as background to the B2 pilot.
Technology pipeline
The major part of the implementation of this pilot has been developments of the SINTEF
Marine Data Centre infrastructure. By combining the efforts and needs of all small pelagic
pilots, much reuse has been possible. The following technologies are used in the
implementation of this pilot:
•
•
•
•

Saltstack provides configuration management of datacentre servers, facilitating
version control and remote access.
Docker provides containerisation and facilitates version control of onshore systems.
SINMOD provides bio-marine simulations and simulation of fish migrations.
DC/OS provides container orchestration and communication.
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CouchDB provides storage of and access to catch data.
GlusterFS provides replicated and distributed storage of and access to collected data
and the results of bio-marine simulations.
KRAKK provides data scraping functionality, especially for data from Sildelaget.
GeoServer provides an open source server for sharing geospatial data.
Python Scripts that make use of RESTful API and GDAL for ingesting SINMOD
oceanographic and biology image rasters into GeoServer.
Python Flask is used as a WSGI (Web Server Gateway Interface) web application
framework to develop the web portal.
uWSGI and Nginx is used for serving the web portal.
Crossfilter, D3.js, dc.js and Leaflet are important JavaScript libraries for presenting
data in the web portal.
HAproxy is used as load balancer and internet-facing proxy.
Oauth2 is used for user authentication.

Data used in the pilot
The implementation of this pilot is based on several data sources:
•

•

Catch data are made available by Sildelaget through an API developed by Sildelaget
for DataBio. This API makes available all pelagic catches landed in Norway since 2012,
and it is continuously updated as new catches are landed. This provides locations,
amounts and price for each catch. The catch data from Sildelaget is proprietary
datasets that will not be available after the project. On the other hand, the Norwegian
Directorate of Fisheries recently Open Sourced the catch data history.
SINMOD oceanographic and biological hindcast and forecast data for the Norwegian
Basin, including temperature, salinity, ice thickness and concentration, NO3, calanus
finmarchicus, calanus glacialis, and chlorophyll. These parameters where provided
both historically since 2012 and regularly with short-term forecasts two days into the
future with a spatial resolution of 4 km in polar stereographic projection. The SINMOD
data source relies on satellite, atmospheric data, freshwater data and boundary data
inputs, see the next pilot for details.
Implementation

Operative run of SINMOD
SINMOD is set up as a periodic job on the HPC system Unity with activation once a day when
new input data for atmospheric forcing and satellite data are available. A numerical
simulation job of SINMOD needs boundary conditions in order to run. These boundary
conditions are retrieved from several EO products from CMEMS, NOAA and met.no. Once a
simulation has finished, its output is written to netCDF4 files using Climate and Forecast
convention (CF 1.5). This simulation setup has been configured to run once a day on an
external computing cluster named Unity. A periodic job ensures that the output files are
transferred to SINTEF Marine Data Centre's Gluster file storage.
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Once SINMOD simulation outputs are available on GlusterFS, specialized jobs successively
perform various processing tasks on the output to prepare them for provisioning online. The
main tasks are: i) Working copy: Duplicate data to a working directory accessible to the
computation node; ii) Data selection: Extract subsets of the dataset (time points, depths,
variables) to be rasterized; iii) Data conversion: Convert netCDF to GeoTIFF raster images,
which also performs reprojection from polar stereographic to a more suitable map projection;
iv) Raster ingestion: Create zip-files of raster images and upload them to the local GeoServer
instance using RESTful API to provide tiled WMS layers; v) Data caching: Perform seeding /
reseeding of rasters through GeoWebCache RESTful API; vi) Data cleanup: Delete working
copies and remove outdated rasters from GeoServer.
The above tasks are implemented using the Python programming language with the help of
appropriate third-party Python libraries, such as osgeo, netCDF4, cdo, requests, cmocean.
They are deployed using Docker containers and run periodically by Chronos on Mesos
(DC/OS). Many of the above tasks are generic, so emphasis has been put on making the scripts
configurable by exposing relevant parameters in YAML configuration files. To make the scripts
more appropriate in an operational setting, configuration file validation and sensible log out
have also been implemented.
Historical oceanographic and biomarine parameters
The stake holders expressed strong interest in the how the historic fisheries have been
conducted related to the oceanographic parameters at the time. To support investigating
such topics, it was found that the proper way was to provide hindcasts of the oceanographic
parameters using SINMOD, and later combine these with the historical catches. The hindcasts
were run with atmospheric data from by ERA Interim data from ECMWF. Freshwater
discharges from rivers and land were applied using data from simulations by the Norwegian
Water Resources and Energy Directorate (www.nve.no) with a version of the HBV-model. The
large scale model, with 20,000 m horizonal resolution, was forced with tidal components M2,
S2, N2, K2, K1, O1, P1, Q1, Mf, Mm, and SSa at the open boundaries with data on global ocean
tides imported from the TPXO 7.2-model.
Visualising oceanographic parameters
An important aspect of visualizing raster data is to ensure proper styling of the layers. The
way we use colours to style the value range of a physical attribute has large impact on how
the phenomena can be (mis-)interpreted. We have followed the guidelines for effective and
accurate colormap selection, as described by https://doi.org/10.5670/oceanog.2016.66,
which is provided by the cmocean Python library. In short, perceptually uniform and distinct
colormaps and ranges have been selected for each of the bio-marine parameter that we have
exposed as WMS layers. In addition to the SINMOD WMS layers, this pilot makes use of a
CouchDB database of landed catch data, see small pelagic shared infrastructure section for
details regarding this data source.
A web application has been implemented using Python Flask. The main client-side JavaScript
libraries are Leaflet for map visualizations and Crossfilter to allow filtering time and fish
species when visualizing catch data together with bio-marine parameters. The employed web
Dissemination level: PU -Public

Page 82

H2020 Contract No. 732064

D3.3 – Fishery Pilot Final Report
Final – v1.0, 30/12/2019

services is part of a common architecture, and exploit the same implementation of services
such as uWSGI, Nginx, HAproxy, and OAuth2 / OIDC. Please consult the shared infrastructure
section for details.

Figure 38: Web application: Catch data together with temperature, nitrate, and calanus
finmarchicus.
Web application for historical catch and bio-marine visualization
The web application Pelagic Catch Analysis consists of three map views, two timeline plots
and a species histogram, see Figure 38. With this setup, the user can scrutinize historic catch
data together with selected bio-marine parameters. Featured functionalities are:
•
•
•

Select species of interest to be visualized with circular markers with radii showing
relative catch size
Zoom to a time period for closer investigation – Total period
Select catch period in days in which to summarize – Catch period
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Zoom and navigate the maps with synchronized mouse markers in each of the map
views
Select bio-marine overlays for each map view
Execute time evolution playback animation of catch sizes and bio-marine parameters

Leaflet.TimeDimension in combination with Crossfilter are JavaScript libraries that have been
used to achieve the above mentioned features.

Figure 39: Web application: Distribution of calanus finmarchicus concentration.
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Figure 40: Styling of layers, top left: Temperature; top right: Salinity; middle left: calanus
finmarchicus; middle right: calanus glacialis; bottom left: Nitrate; bottom right: Ice
thickness.
Web application for ocean forecast
A second web application Ocean Forecast is a simple map visualization that provides means
to explore forecasted bio-marine parameters, see Figure 39. The user can choose from a
selection of SINMOD's predicted parameters, namely: temperature, salinity, ice thickness, ice
concentration, nitrate, chlorophyll, calanus finmarchicus, calanus glacialis in 4 km grid
resolution. These are tiled WMS layers which expose estimate values once a day, two days
into the future, and five days into the past. Similar to the historic data visualization
Dissemination level: PU -Public

Page 85

H2020 Contract No. 732064

D3.3 – Fishery Pilot Final Report
Final – v1.0, 30/12/2019

application, it is possible to select a date and run playback of the available layers. Figure 40
shows colormap styles for the different SINMOD parameters.
Reflections on technology use
The operative SINMOD produces netCDF4 files that largely follow the Climate and Forecast
convention 1.5. Nonetheless, there have been several issues with making the automatic data
processing pipeline robust and maintenance-free. Some iterations were needed to settle on
standardised naming conventions of the variables, consistent spatial resolution, as well as
correct projection parameters between the historic and predictive datasets. The process of
making SINMOD data available to the map service involves extraction of selected depths and
time points so that only relevant data are being served by GeoServer. Instead of using the
netCDF-plugin of GeoServer, we rather used GDAL to convert netCDF files into the destination
projection as GeoTIFF files. Large datasets compressed and uploaded as zip files, caused
GeoServer to be unable to decompress and ingest the files on the server, which spawned the
need for file handling logic accommodating this issue. GeoServer's built-in colour bar legend
currently lacks the necessary flexibility to show customized styling in a satisfactory manner,
which again warranted manual customization. GeoWebCache, the built-in tile caching
integration does not play well with periodic regeneration of new image rasters. This is at least
true by using GeoWebCache REST API and CQL filters to selectively "reseed" updated time
intervals of the datasets with GeoServer version 2.15. We experienced intermittent issues
with newly ingested image rasters, where it cached transparent tiles, probably because tiles
were cached before its ingestion into the PostGIS database were done. This issue was not
easily reproducible, nor did it produce any error messages, causing undetected issues with
the web map service.
We chose tiled WMS to serve the raster data. The styling of the layers was done on the server
side, so no styling configuration were needed in the web application Leaflet. Designing styles
that work globally for the whole year for a single bio-marine parameter is challenging,
because of the span of interesting values can change throughout the year. Doing WMS
playback were achieved with a Leaflet plugin, but the flexibility in zoom levels with different
tiles made it challenging for the plugin to buffer many time points in a manner that gave good
user experience. Some browser caching occurs, as well as server-side caching, but a different
choice of technology or data format may have improved the UX smoothness.

Results
Summary
The pilot demonstrates that there is great potential in collating multi-source information and
present this in a coherent and systematic manner. We believe that a web application that
provides insight into multi-origin data in a clear manner can help improve fisheries planning.
Establishment of a minimally viable product that the end user is interested in could spawn a
foundation for future features that have large impact on how the fisherman make use of big
data and technology in planning their operations. The outcome of this pilot is the first large
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step in making this possible. The next steps include extending the web application with new
useful features, adding data analyses that give exploitable insights for the fishermen.
Business impact of the pilot
We conjecture the impact of the new service provided by this pilot is minimal, that is, the
pilot end users do not yet actively use of the web portal in their fishery planning. The time
period at which the service has been available is very brief, with fair service reliability. Over
time we hope that the interest will increase, and when new features are implemented, they
will facilitate the portal's active use. Since the web portal was specifically designed for desktop
application use, there is a unique opportunity to adapt the portal to be more friendly for small
screens, like smartphones and tablets, in order to reach out to more active users and lower
the threshold for use in daily operation planning. Our web portal, with a technology pipeline
and data sources, is a promising foundation for building new tailored decision support
services, which are targeted for specific use cases within fisheries planning.
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4.7 Pilot C1 Pelagic fish stock assessments
Introduction
Background
Fish stock assessments are based on scientific surveys conducted at dedicated research
vessels, biological sampling of the catch at the ports, and from a randomly selected small
number of trips in commercial fishing vessel. These results have good data quality, but the
associated costs prevent the spatial and temporal coverage necessary for reducing the large
uncertainty in the population estimates with satisfactory accuracy. In parallel to this activity,
fishing vessels are covering interesting ocean areas during fishing activities or during transit
to or from the fishing grounds. The data produced by sensors on board of fishing vessels are
presently not being utilized for stock assessments.
Many pelagic species, such as herring, migrate and cover huge areas. There are many known
driving forces that dictate this behaviour. Environmental conditions, including both physical
and biological ocean parameters, such as temperature and phytoplankton affect the fish
migrations. In a so-called ecosystem-based approach to fish stock assessments, making use
of models that describe the main driving forces can help analyse population dynamics of
pelagic species.
Pilot objectives
The objective of this pilot was to demonstrate that the combination of information from many
various assets can be used to produce better population dynamics estimates for pelagic
species. It was anticipated that a crowdsourced data collection effort from fishing vessels
combined with public/private data assets and data analytics could increase both the accuracy
and precision of migration assessments. The main goals of this pilot were to improve data
readiness level and investigate whether and how we could leverage big data technologies in
making better fish stock assessments.

Execution
The roadmap to achieve the pilot objectives were motivated and defined in a previous project
delivery "D3.1 Fishery Pilot Definition", Chapter 7. For convenience, we reiterate the Strategy
view for this pilot, see Figure 41. The diagram lists the set of potentially relevant resources,
capabilities, courses of action, as well as desired outcomes of the pilot, as planned before
commencing the technical work.
Technical background
In terms of Resources listed in Figure 41, they all existed at the beginning of the project, but
either were not accessible / readily available for use in the project, or needed work in order
to provide the envisioned capability. For the planned Capabilities, Onboard acquisition, Vessel
storage and data reduction, and Onshore transfer capability existed through the C17.01
Ratatosk component, but not for echosounder instruments. When it came to machine
learning algorithms, INTRASOFT's C01.01 component was early proposed as a possible asset,
but it, too, needed adaptations in order to accommodate the pilot objectives.
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Figure 41: Fishery pilot C1 Strategy view.
Technology pipeline
The courses of actions stated in the Pilot Strategy view warranted various implantation
efforts. Many of these took place by making use of or extending the capabilities of SINTEF
Marine Data Centre's (SMD) infrastructure. By combining the efforts and needs of all small
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pelagic pilots, much reuse has been possible. The following technologies are used in the
implementation of this pilot, all deployed on SMD, unless stated otherwise:
•
•
•
•
•
•
•
•

Saltstack provides configuration management of shore servers, facilitating version
control and remote access.
Docker provides containerisation and facilitates version control of onshore systems.
DC/OS provides container orchestration and communication.
CouchDB provides storage of and access to catch data.
GlusterFS provides replicated and distributed storage of and access to collected data.
KRAKK provides data scraping functionality, especially for data from Sildelaget.
HAproxy is used as load balancer and internet-facing proxy.
Fish presence classification case study using various machine learning methods (not
deployed on SMD).

Data used in the pilot
The implementation of this pilot is based on a number of data sources:
•

•

•

Catch data are made available by Sildelaget through an API developed by Sildelaget
for DataBio. This API makes available all pelagic catches landed in Norway since 2012,
and it is continuously updated as new catches are landed. This provides locations,
amounts and price for each catch. Each catch is typically defined in terms of
approximately 70 variables, such as catch size, where it is caught, sale price, storage
method, sales method etc.
Earth Observation atmospheric data, freshwater data and boundary data as input to
SINMOD model. Atmospheric data from NOAA are used as driving input for wind and
precipitation. Satellite data for sea surface temperature from CMEMS are used for
data assimilation. Freshwater discharges from rivers and land were applied using data
from simulations by the Norwegian Water Resources and Energy Directorate
(www.nve.no) with a version of the HBV-model. The large scale model, with 20,000 m
horizonal resolution, was forced with tidal components M2, S2, N2, K2, K1, O1, P1, Q1,
Mf, Mm, and SSa at the open boundaries with data on global ocean tides imported
from the TPXO 7.2-model (http://volkov.oce.orst.edu/tides/TPXO7.2.html).
Echosounder time series dataset. A limited dataset – a few weeks of hydroacoustic
data – from SIMRAD EK60 echo sounder was made available from the pelagic fishing
vessel M/S Eros early in the project.

Implementation
Due to a shared infrastructure for the small pelagic fisheries pilots, several activities are
common and will not be explained again. Specifically, see previous sections for details on the
catch data API implementation.
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Upgrade and deploy vessel data acquisition
The course of action Upgrade and deploy vessel data acquisition system anticipated that data
acquisition services were up and running, meaning that they regularly fetch new data assets
and store the data in appropriate databases on SMD. This specifically includes hydroacoustic
data acquisition from vessels and its analysis, but also improvements to C17.01 Ratatosk in
general.
Hydroacoustic data acquisition with Simrad subscription API
There are two main approaches for collecting
hydroacoustic data in a systematic manner
for Simrad Echosounders. One is to use the
record functionality in the graphical user
interface, the other one is through a
subscription-based application programming
interface. The first approach is simplistic in
that a vessel crew member basically pushes a
record button and the system will record
data. The downside is that it requires human
intervention from the crew, and real-time
processing is cumbersome. At the beginning
of the project it was deemed as a volatile and
undesirable approach. Therefore, it was
decided that API-based data acquisition was a
more robust and long-term investment and
suited as an extension of the existing data
acquisition system (C17.01 Ratatosk). The
available subscription API is a comprehensive
implementation that enables selective access
to processed and unprocessed data streams
and parameters using Ethernet User
Datagram Protocol (UDP). Our approach was
to implement this subscription API and make
the relevant datastreams available to the Ratatosk logging component, enabling both realtime processing and storage to file. The class diagram in Figure 42 shows the main classes in
the implementation. Most of them were finished, albeit untested, with the exception of the
classes in the lower right corner: DdsAdaptor and netCDF_Writer. This means that most of the
functionality toward the subscription API were in place, but the adaptations to connect to the
Ratatosk component were never finished. Regretfully, the effort was deemed too resourcedemanding and lacking sufficient progress in relation to its anticipated benefit. Although only
two components remained, their comprehensiveness were unclear, and the implementation
effort was therefore reluctantly aborted.
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Figure 42: Class Diagram Echosounder Subscription API.
Explore various machine learning algorithms with available assets
Hydroacoustics fish presence detection analysis development by Intrasoft
The currently available hydroacoustic echo sounder
dataset has been used as a preliminary comparison of
classification methods. The dataset consists of five
hydroacoustics frequencies, {18, 38, 70, 120, 200} kHz,
which are computed into mean volume backscatter
strengths. Four different algorithms have been tested on
the dataset: Naïve Bayes, k-Nearest Neighbors, Support
Vector Machine and Principal Component Analysis. The Figure 26:
43: Snapshot excerpt of
goal was divided into two tasks:
dataset.
echosounder
dataset
i.
ii.

Identify and remove seabed echoes and determine
fish shoal presence;
Discriminate plankton from fish, identify fish species, and perform biomass evaluation.
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The figure below shows that accuracy was high for all tested methods, but this was due to the
few positives of the dataset. Kappa is a more sophisticated metric that shows how much the
algorithm improves the average expected accuracy. Kappa shows more varying results
comparing the different methods. The progress of this activity stalled due to the need for
more (informative) hydroacoustic datasets, which were never acquired. The preliminary
conclusion is that SVM with radial kernel seems to be more appropriate for the acoustic data
to classify fish presence and absence.
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Figure 44: Comparison of classification methods
SINMOD: Norwegian Spring Spawning Herring population simulations
There has been work on various aspects of SINMOD in this project:
•
•
•

Operationalization of Ocean physics and biology simulations SINMOD.
Web-based visualizations of SINMOD simulation output.
Simulation of Norwegian Spring Spawning Herring migration pattern in SINMOD.

The operationalisation and the web-based visualisations have been discussed previously and
will not be repeated here.
Simulations of fish migrations are performed by developing a new model of fish behaviour
which is integrated into SINMOD. This model is particle based, where each particle represents
an ensemble of fish with specific characteristics and behaviour. The initial use case is herring,
and the model makes use of known herring behaviour. This takes into account both abiotic
factors (such as temperature) and biotic factors (e.g. phytoplankton concentrations), as well
as known spawning grounds. In addition, the location of herring is influenced by the ocean
currents. By combining this knowledge with landed catches and other observations, the
working hypothesis is that this model can be parameterized and used to better explain the
population dynamics and localization of regions with higher likelihood of elevated fish
concentration. Figure 45 shows simulation outputs at three time points of the model, using
initialisation based on catch data at the beginning of a year.
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Figure 45: Left: Regions of interest for herring. Right: Super individ particles (black dots)
at three different time points of a simulation. The colourmap indicates bathymetry.

Results
Improve data readiness level for fish stock assessments
This pilot has made probable that use of new data sources can improve the fish stock
assessments. Specifically, a scenario where available data is ingested into a spatio-temporal
model to provide estimates of the distribution of a fish species is described, and it is made
probable that such data, when available, can improve such a model:
•
•
•

The landed pelagic catch data can be used for correcting the modelled fish
distributions.
Sea surface temperature data from Copernicus Marine Environment Monitoring
Service (CMEMS) can improve the model estimates, see Figure 46.
Machine learning-based classification methods can be used to classify e.g. observed
fish in hydroacoustic datasets.

Dissemination level: PU -Public

Page 94

H2020 Contract No. 732064

D3.3 – Fishery Pilot Final Report
Final – v1.0, 30/12/2019

Figure 46: Improvement of model estimates at November 16. 2019 of sea surface
temperature by data assimilation; without assimilation (upper), satellite data (middle),
and with assimilation (lower).

Dissemination level: PU -Public

Page 95

H2020 Contract No. 732064

D3.3 – Fishery Pilot Final Report
Final – v1.0, 30/12/2019

How to leverage big data technologies for better fish stock assessments
Preliminary analyses of available hydroacoustic dataset has made probable that machine
learning classification methods can be used to process hydroacoustic data streams, as
described in Section 4.7.2.4.2. In addition to providing the input needed to correct the model,
machine learning-based classification methods can be used to preprocess collected
hydroacoustic datasets onboard, to decrease bandwidth requirements and facilitate crowd
sourcing of hydroacoustic data.
Operational run of SINMOD with fish migration model is a type of big data technology, which
utilizes data from earth observation as well as data from sources that provide atmospheric,
freshwater, boundary and catch data in order to produce large scale hindcast and forecast
simulation data for analysis of fish migration. We have demonstrated that this product has
the potential for providing better fish stock assessment for the industry.
Ingestion of SINMOD physics and biology data into GeoServer has prepared it for using
presentation technologies, such as web-based map visualizations. This can provide end users
with easy-to-interpret overviews of the estimated spatial distribution of fish stocks, which can
be beneficial both when planning research cruises and when interpreting the data from
previous research cruises.
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4.8 Pilot C2: Small pelagic market predictions and traceability
Introduction
Background
The Norwegian pelagic fisheries include a range of fish species, where the most important
ones are mackerel, herring, blue whiting and capelin. These species typically display migratory
behaviour, which is important for when and where they can be fished and how efficient this
fishery will be. In addition to their availability, the market conditions, the quota size and
changing weather conditions are important for planning when and where the individual
fishing vessels search for and harvest for the different species. These are nontrivial decisions,
and they must be taken without firm knowledge about neither the premises (future
development of e.g. the market) nor the outcome (such as the revenue of the vessel). The
reason for this is that many of the underlying processes are impossible to predict as they are
governed by social and psychological factors (other vessel strategies, local market and global
economy) and unpredictable natural processes (long term ecology, meteorology and
oceanography). There is a lack of tools to help the fishermen to make the informed decisions
which take into account available information about biology, environment and market. But it
is possible that new methods may reduce the uncertainty introduced by the external
processes and their impact on both the daily operation and the revenues of fisheries vessels.
Pilot objectives
The goal of this pilot has been to provide the fishermen with better information, to enable
them to make the strategic decisions regarding when and where they should fish different
species. If successful, this is assumed to have the potential to make a positive difference in
both product quality to the buyers and profit for the vessel. The aim of this pilot has been
twofold. It has developed a web service for fishermen to analyse historical catches and
transactions in the pelagic market segment. It has also developed methods and tools for
predicting the market development, based on machine learning (e.g. neural networks). These
developments may help the fishermen target their fisheries against the combination of
species, time and location that will give the highest yield, given the predicted economic
outlook.
For further details on background and motivation for this pilot, consult chapter 8 in D3.1 –
Fishery Pilot Definition (D3.1).

Execution
The focus has been on establishing the data feeds for catch and market data, explorative
analytics and testing of various predictive analysis methods and tools.
Technical background
Little relevant technical background was available to at the start of development, and no
comparable services were known. It was decided to make this pilot part of the SINTEF Marine
Data Centre (SMD), as this simplified establishing user facing services providing information
and backend services to harvest and analyse data. Likewise, SMD would benefit from the
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developments in the pilot and possibly maintain and develop the technologies of this pilot
after the end of DataBio project.
Technology Pipeline
The development stated from scratch, both in terms of prediction data and pipelines to
maintain, analyse and present results to the end user. The pilot would build on several open
technologies for implementation of big data services. The large part of this pilot has been the
developments of the SINTEF Marine Data Centre infrastructure. This infrastructure is applied
in all small pelagic pilots, and while the pilots have different needs reuse has been possible of
the generic services and some of the analysis tools. The following technologies are used in
the implementation of this pilot:
•
•
•
•
•
•
•
•
•
•
•
•

Saltstack provides configuration management of shore servers, facilitating version
control and remote access.
Docker provides containerisation and facilitates version control of onshore systems.
DC/OS provides container orchestration and communication.
CouchDB provides storage of and access to catch data.
GlusterFS provides replicated and distributed storage of and access to collected data.
KRAKK provides data scraping functionality, especially for data from Sildelaget.
Python Flask is used as a WSGI (Web Server Gateway Interface) web application
framework to develop the web application.
Scikit-learn, Prophet, TensorFlow and Keras are important Python libraries used for
training prediction models.
uWSGI and Nginx are used for serving the web application.
Crossfilter, D3.js, dc.js and Leaflet are important JavaScript libraries for analysing and
presenting results in the web application.
Haproxy is used as load balancer and internet-facing proxy.
Oauth2 is used for user authentication

The technologies listed above has contributed to the development of a data centre
infrastructure that is centrally managed, provides secure storage for all the small pelagic
pilots, has access management to data and services.
Data used in the pilot
Market prediction and traceability needs data from the harvesting of resources,
macroeconomic data and market conditions such as exchange rates. The implementation of
this pilot is based on several data sources with heterogeneous service provider and data:
•

Catch data are made available by Sildelaget through an API developed by Sildelaget
for DataBio. This API makes available all pelagic catches landed in Norway since 2012,
and it is continuously updated as new catches are landed. This provides locations,
amounts and price for each catch. Each catch is typically defined in terms of
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approximately 70 variables, such as catch size, where it is caught, sale price, storage
method, sales method etc.
Catch areas and other definitions are provided by The Norwegian Fisheries
Directorate, such as definitions of various codes representing fish species, catch areas,
conservation methods, storage methods, seller, vessel and so on. These data are
necessary to interpret the data from Sildelaget.
Historical currency exchange rates are found from the commercial bank DnB
(https://www.dnb.no/en/currencylist/historical).
World Bank, EMODnet, Comtrade, Eumofa, Eurostat, ICES and Statistics Norway
offer various data which can be of interest when developing price forecasts for pelagic
species. Data scrapers have been developed for these data sources for use into price
prediction pipelines, but they are currently not used in the operational pipelines.

This pilot combines these data sources to enable analyses which incorporate supply,
geographic distribution of both caught fish and operation by competitors and market
conditions.
Implementation
Figure 47 shows an overview of the system supporting this pilot, and how it is comprised of
different components. To decrease the figure complexity, not all data sources are shown.
Some datasets are used for explorative analytics and development of prediction pipelines,
while a subset of these are used for running the prediction pipelines and operational services.
The latter datasets must therefore be automatically updated, while the first can be manually
downloaded during development.
The data are collected and transferred to a local storage database (ChouchDB), using a
standard document format based on JSON. The data scrapers are implemented in Docker
containers and run periodically by the data center service "Chronos on Mesos (DC/OS)". The
necessary data for the web application are then extracted from the database, transformed to
the appropriate data structures and written to files stored on the secure Gluster file storage
server.
The developed web service is based on the transaction data on the file storage. The data are
visualized in a map and in multiple graphs along several dimensions, such as time, day-ofyear, moon phase, year, location and species. The JavaScript library "Crossfilter" is central, as
it enables interactive and multidimensional filtering. The combination of visualization and
filtering has proven very powerful for analysing and understanding patterns in the historical
transactions and catches. As the data are confidential, users are required to login based on
OAuth2 and oidc.
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Figure 47: Components of the pelagic fisheries C2 pilot.
Market predictions
The Norwegian mackerel market has been used as a case, as this is an important pelagic
species with large price fluctuations and a short season. In a case study, the possibilities for
direct predictions of the mackerel prices were investigated. The focus was on long term
predictions, aiming to enable the fishermen to do long term strategic decisions. As the market
is influenced by both physical and psychological factors, the results were not expected to be
accurate. This can be compared to predicting the stock market, as understandably is a task of
high uncertainty and limited accuracy.
4.8.2.4.1.1 Preliminary exploratory analyses
Preliminary exploratory analyses for mackerel show seasonal variations, as well as variations
so far not explained. Figure 48 and Figure 49 show how the price and caught quantity of
mackerel varies with time. Figure 48 shows daily aggregated catches, while Figure 49 shows
individual catches (left plot) and weekly aggregated catch (right plot) for the Norwegian
mackerel landings. Only the second half of each year is plotted, as this is the main season for
this fishery. The size of each point marker reflects the amount of daily/weekly catch. The
seasonal variations of catch and price are significant, while the cause for the remaining
variations in this dataset are not.
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Figure 48: Mackerel daily catch quantity and average price in the main season the last 8
years.

Figure 49: Mackerel catch quantity and price in the main season. Left: Individual catches.
Right: Weekly catch.
In Figure 50 further analyses are shown, trying to find causes for the remaining price
variations. The upper left plot shows price plotted against daily catch. No clear covariation is
seen, except it seems like very small catches achieves lower prices. In the lower left plot, price
is plotted against conservation method. The covariation is not very clear, and the use of
refrigerated sea water (RSW) is the only method used by the vessels relevant for this analysis.
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The upper right plot show price plotted against catch area. We see some differences between
catch areas, but this is taken as a sign of the combination of mackerel migration pattern and
time varying factors, such as quality, vessel types and abundance. This preliminary analysis
indicates that other factors need to be taken into account to predict the future development
of the mackerel market. The next steps were therefore to identify such factors and quantify
their impact.

Figure 50: Price distribution and covariation with quantity, area and conservation.
4.8.2.4.1.2 Price predictions
The basis for the market predictions has been to combine different data sources relevant for
price development, such as time, season, predicted catch volume and exchange rates.
Machine learning and predictive analytics has been used to model the relation between
market development and other factors. These models can then be used to provide predictions
for how the market will develop in the future. Predicting the dynamics of any market is
inherently difficult, as the underlying fundamental factors, psychology and strategies of its
actors play a fundamental role. For fisheries markets, the dependencies of fundamental
physical factors, such as primary production, and governing processes, such as quotas and
changing regulations, are important factors. Such factors can be argued to in varying degree
either increase or decrease the predictability of the fisheries markets compared to other
markets.
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Different price prediction methods have been tested, and the results from these are briefly
shown in the following.
4.8.2.4.1.2.1 Next year predictions using the Facebook Prophet library
The Facebook Prophet library has been employed to do predictions based solely on the
historic prices. This library is a procedure for forecasting time series data based on an additive
model where non-linear trends are fit with yearly, weekly, and daily seasonality, plus holiday
effects. This fits the fish market very well, as all these components are expected to be present.
Figure 51 and Figure 52 show the resulting performance when this library is used for
predicting the mackerel prices for the autumn 2019, using information available at the end of
2018. Figure 51 shows both the training period and the test period, while Figure 52 only shows
the test period. The orange 'x' are the prices we try to predict, while the black dots are the
training data. The blue line shows the price forecast and the light blue area expresses the
uncertainty of the predictions. We see that this method matches the historic data reasonably
well, while disregarding the most extreme prices. The predictions also include most of the
observed tendencies, and the results are not so bad taking into account that this method
doesn't use any information other than the historic prices. But the stake holder benefit of this
level of accuracy is questionable.

Figure 51: Next year mackerel price predictions based solely on historic prices. Both
training and test period shown.
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Figure 52: Next year mackerel price predictions based solely on historic prices. Only test
period shown.

Figure 53: Next year mackerel price predictions using Scikit-learn and support vector
regression. The upper plot shows the training period, the lower plot shows the test period.
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4.8.2.4.1.2.2 Next year predictions using support vector regression
Similar predictions were also done using the SVR-method (support vector regression) from
the Scikit-learn library. This method can use other data for predictions, and the results shown
in Figure 53 is based on the year, day of year, the years catch, week number, and the exchange
rates between NOK and yen, US dollars, British pounds and the Euro. The upper plot shows
the training data, while the lower plot shows the test data.
The SVR-method is highly tuneable, and improved results are probably possible. Still, even if
the results are slightly better than that of the Prophet library, we have not been able to make
this method perform convincingly for this problem. Again, we find the value for the
stakeholders to be questionable.
4.8.2.4.1.2.3 Next year predictions using neural networks
A neural network was implemented in Tensorflow and Keras, trying to predict next year’s
mackerel prices at the end of the previous year. The results were found to depend very much
on the network topology. The results from one of these networks are shown in Figure 54. This
network consists of an input layer, a hidden layer with 13 nodes and an output layer. The
average price seems to be quite correct, but it is not able to predict the price variations very
accurately. Still, it is possible that this level of accuracy will suffice, especially since these
predictions would be available before the strategic decisions for the next year are done.

Figure 54: Next year mackerel price predictions using Tensorflow and Keras. The upper
plot shows the training period, the lower plot shows the test period.
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4.8.2.4.1.2.4 30 days forecast using neural networks
To increase accuracy, a neural network was implemented in Tensorflow and Keras to make
forecast 30 days into the future, using the same information as for the previous predictions.
For these forecasts, also the history of each variable was used. This was achieved by adding
an initial layer of Long Short Term Memory cells (LSTM). The chosen network had an input
layer of 50 LSTM cells, a hidden layer with 70% dropout and a second hidden layer of 10
regular nodes. The results are shown in Figure 55 and Figure 56. It is worth noting that even
if the predictions were done repeatedly and only for a 30-day window, the network was
trained only for the previous years. One might expect an improved performance if the
network were retrained for every day, but this has not been tried. The resulting performance
was RMSE < 10% of the mean price in the relevant time window. These results start to come
close to what might provide a benefit for the stakeholders. Even if the prediction horizon is
shorter than for the previous attempts, the increased accuracy probably makes up for this for
some use cases.

Figure 55: 30 days forecast of mackerel prices. Training ended at end of year 2018.
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Figure 56: 30 days forecast of mackerel prices. Training ended at start of season (end of
august).
Web application for historical catch and transactions analyses
The foundation for the web application is the pelagic fish catch transactions from 2012 until
today. Sildelaget has developed an API dedicated to serving the needs of this pilot. New
transactions are regularly downloaded and added to the CouchDB instance running in SMD,
using a combination of Mesos, Chronos, Docker and Python. The full dataset is then grouped
so as to get a dataset of minimum size while giving the desired possibilities for client-side
analyses. The location definitions are downloaded from the Norwegian Directorate of
Fisheries, pre-processed and combined with the catch data to be able to locate the catch data
on the map. The combined dataset is made available as a csv file on GlusterFS.
The developed web portal itself is based on the Python Flask framework. As some transaction
details are not to be available for the public, the application is protected by an authentication
mechanism based on Oauth2, where only whitelisted users are given access. This is further
described in the common infrastructure section.
The web page uses a combination of JavaScript libraries to achieve the desired functionality.
In particular, the following libraries have proven useful:
•
•
•
•
•
•

Bootstrap is used for styling and layout.
Crossfilter is used for cros-filtering the data to perform simple analyses.
dc.js provides interactive charts based on linked to Crossfilter.
D3.js provides data driven documents.
Leaflet is used for visualising the filtered data in a map.
Popper.js is used for pop-up help texts and explanations.
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The web service is run in a Docker container in SMD, using Nginx and uwsgi. It is fronted by a
HAproxy load balancer which gives access for selected users from the internet. It mounts its
own GlusterFS directory, where its data are regularly updated.

Results
Norwegian fishermen in the pelagic sector are performing fisheries for different pelagic
species. The timing for these fisheries is to some extent determined by the availability of fish
and the fish migrations, and to some extent the shipowners make strategic decision about
when and where to do their fishing based on expectations of both market development and
fishing possibilities. These are important choices which affect both profitability, catch quality
and climate impact. The results need to be considered with respect to the need of the
fishermen for better support for such decisions.
Summary
This pilot has developed tools to enable the fishermen to make the right strategic decisions
about when and where to fish which species, which can make a big difference in both
profitability and landed quality. Machine learning has been employed to try to predict the
development of pelagic market segments, so that the fisheries may be targeted against the
species that will give the highest yield given the predicted economic outlook. The Norwegian
mackerel market has been used as a case, as this is an important pelagic species with large
price fluctuations. The basis for the market predictions has been to combine different data
sources relevant for price development, such as time, season, predicted catch volume and
financial data. Machine learning and predictive analytics has been used to model the relation
between market development and other factors. These models can then be used to provide
predictions for how the market will develop in the future. Further, a web application has been
developed to enable fishermen to learn from the historic fish transactions and catching
patterns. This covers all catches of all fish species relevant for the Norwegian pelagic fleet
from 2012, with regular, automatic updates. This enables fishermen to get the answer to
questions like "How have the catch locations and first-hand price usually developed over the
year? How has it developed between years?" ,"When and where can I expect the herring
prices to be highest" and "How has the moon phase affected the mackerel fisheries in the end
of the season?"
Reflection on technology use
The selected technologies seem to be adequate for the tasks, and there are no obvious
benefits from making technology changes. But as there are possible alternatives for most of
them, the final choice is as much dependent on preferences and existing tools as on the task
itself. Without loss of benefits, one may e.g. replace Saltstack with Ansible, Puppet or Chef,
Docker could be replaced by Mesos Containerizer, DC/OS could be replaced by Mesos or
Kubernetes, CouchDb could be replaced by another database or file storage and GlusterFS
could be replaced by Ceph. But as of now, no benefits are seen from making such changes in
the choice of technologies.
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Business Impact of the pilot

Figure 57: Screenshot from the web application, where filtering of historical data is
facilitated.
The service developed in this pilot is, as far as we know, the first of its kind. It is very difficult
to estimate the potential business impact. Even if one can investigate how the fisheries
historically have performed and been times with relation to the market, any changes in timing
of the fishery would influence the market, and we do not know how efficient the fishery could
be performed for alternative timings. As an example, in 2015, the price distribution for herring
in the spring (66 thousand tons)and in the autumn (119 thousand tons) are shown in Figure
58. If one assumes that the market would not be affected by shifting the fisheries to the
autumn, and that the fisheries could be performed in autumn without affecting other
fisheries, shifting 10% of this fishery to autumn would approximately generate an extra 700
000 €.
The web application has been developed to enable the fishermen to understand how the
market prices depend on other factors. Using this application, one can investigate how the
prices have developed with factors such as species, landed quanta, year, time of year, moon
phase and catch location. This web application is based on providing the possibility to filter
historical catch data along the relevant factors, such as e.g. selecting only catches of mackerel
last year in a short time window, and then slide this window to see how the prices varied with
time. Also, similar procedures can be employed to consider variation with moon phase. Or
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one can go in the opposite direction and select only the catches giving the highest prices to
investigate under which circumstances high prices were achieved.

Figure 58: The price distribution of herring the spring (left) and autumn (right) of 2015.
This service is made available for 14 selected end users for feedback and testing. The goal is
to make this generally available for users, but there are confidentiality issues with the data
which must be resolved first.
The business impact of the developed price predictions is less obvious. The accuracy of the
predictions is approximately as we were anticipating, but not as good as we were hoping to
achieve. The predictions have not been added to the production and publishing pipeline, as
we are reluctant to publish predictions which can lead businesses to the wrong decisions.
Even with the appropriate disclaimers, such predictions can easily be taken out of context and
unintentionally be used in business decisions.
Conclusions
The developed technologies make it possible to analyse and filter large amounts of historical
data in a web browser. It is possible to do such analyses without access to the detailed base
data, which supports the use of data which should not be distributed except for in aggregated
forms. The forecasting of prices seems to be able to give some benefit to the stakeholders for
long term planning. The developed services are targeting fishermen and shipowners, and
enables fishermen to learn from history, possibly increasing their understanding of the
market and catch processes.
This pilot has shown that there is a possibility for commercial services, as well as provided the
basis for such services. This is likely to lead to a large increase in the use of Big Data in the
fisheries.
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