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EXECUTIVE SUMMARY

AYVAINNS

PP/ EXECUTIVE SUMMARY

Demand Survey and Analysis of the
Fourth Industrial Revolution Technology
for the Arctic Circle

1. Purpose

» The present study aims to assess the demand of ‘the 4th Industrial
Revolution (4IR)" technology applicable to the Arctic Circle.
Based on this assessment, the study intends to come up with
measures that can contribute to the sustainable development
of the Arctic Circle through the 4IR. In particular, this study
identified the demand for specific sectors and specific
technologies of the maritime and fisheries industry in which 4IR
technology is required for the Arctic Circle. Thereby, the focus
is to establish a policy customized to the demand for advancing
into the Arctic Circle. The present study ultimately lays the
foundation for establishing a roadmap for the advancement to

the Arctic based on 4IR technology. Through this effort, it aims

Xi



to secure an Arctic-based new growth engine, while laying the

groundwork for implementing the New Arctic Policy.

2. Methodologies and features

1) Methodologies

Differentiation from preceding studies

Classification _
Purpose Method Major contents
Study name: Economic Literature Analysis on the
Feasibility on the Northern | survey conditions of the NSR
Sea Route: The Case of Economic Reviewing existing
Container Shipping analysis studies
Northern Sea Routes (NSR) Analysis on the
Researcher (year): Han economic feasibility of
1 Chul-hwan (2011) the NSR
Objective: Following the
vitalization of the NSR, the
study aims to investigate
the economic feasibility of
container shipping service
using the NSR compared to
Major the Suez Canal
precedin Study Name: A study on Literature Trends of the
g studies the establishment of survey discussion on the
measures for Korea’s Statistics fisheries development
fisheries industry to analysis in the Arctic Ocean
advance into the Arctic In-depth Analysis on the
Ocean interview possibility of
Researcher (year): MOF with experts | advancing into the
2 (2014) and survey Arctic Ocean
Objective: The study Measures to revise
analyzes the possibility of domestic law system
Korea's deep sea industry for allowing Korea's
to advance into the Arctic fisheries industry to
Sea, establishing action advance into the Arctic
plans Ocean
Stepwise action plans

Xii



EXECUTIVE SUMMARY

Differentiation from preceding studies

Classification :
Purpose Method Major contents
for the economic
advancement into the
Arctic Ocean
Study Name: Establishing a | * Literature Internal and external
Mid-to-long term survey trends of the Arctic
Roadmap for 2030 Arctic Survey 2030 Mid-to-long
Research Consultation | term roadmap
Researcher (year): Korea with experts | © Assessment and
3 Polar Research Institute analysis on the levels
(2017) of technologies
Objective: It aims to set up Drawing the priority of
a mid-to-long term Arctic policies
roadmap for Arctic research
based on 2030 future
forecasts of the Arctic
Study Name: The Current | * Literature Availability of the
Status of the Arctic Sea, its | survey Arctic Sea: the current
Availability and Korea's status of NSR and its
Strategy resources
Researcher (year): Yoon Response of Arctic
Seung-hwan (2018) coastal states with
4 | » Objective: The study regard to the NSR and
reviews commercial resource development
availability and possibility of Korea's
the development in the countermeasures and
Arctic Ocean, drawing implications
implications for Korea's
countermeasures.
Study Name: Measures for | © Literature Current status of the
expanding the survey shipping and
advancement into the NSR |  Consultation | shipbuilding industry
in connection with with experts | in Russia
shipping, shipbuilding, Current status of ship
5 energy and resource operation in the NSR
development Russia’s plan for
Researcher (year): The resource development
Presidential Committee on and transportation
Northern Economic Measures to
Cooperation (2018) participate in Russia’s
Objective: The study seeks resource development

Xiii
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Classification

Differentiation from preceding studies

Purpose

to find pilot projects for
Korea—-Russia NSR by
building business networks
with Russia based on
comprehensive exchange
and cooperation. It aims to
build a sustainable business
model for generating new
added-values in sectors
including shipping,
shipbuilding, logistics and
energy.

Method

Major contents

and transportation
projects

This study

Existing studies have
primarily focused on
economic feasibility of the
NSR. Although a ‘Study on
Establishing a Mid-to-long
term Roadmap for 2030
Arctic Research’ suggests
converged and integrated
tasks connecting the Arctic
with the 4IR, the study is
short of the current status
of the 4IR in the Arctic as
well as the analysis based
on demand survey in the
maritime and fisheries
sector.

However, the present
study analyzed the trends
of the 4IR policies in Arctic
states. In particular, this
study differentiates from
preceding studies that it
conducted a survey on
experts in the Arctic
firsthand as well as an
awareness survey on
technologies.

Literature
survey
Survey
Consultation
with experts

The Arctic and the 4"
Industrial Revolution
Arctic states’ policies
on 4IR

Survey and analysis of
4IR technology in the
Arctic

Policy suggestions

Xiv



EXECUTIVE SUMMARY

2) Features

AYVAINNS

» This study differentiates itself from preceding studies as it deals
with the 4th Industrial Revolution and its application to the
Arctic, rather than usual subjects such as the NSR (sea routes),
shipbuilding and energy. In particular, a survey was conducted
and analyzed for the first time targeting experts in Arctic states.
Such analysis help identify how the Arctic Circle is aware of
the 4IR and its demand of technology. Through this effort, this
study seeks to find the possibility of South Korea in advancing

into the Arctic which presents a distinctive feature of the study.

3. Results

1) Summary

» As technologies of the 4th Industrial Revolution (4IR) have applied

to the oceans, these technologies are expected to contribute
to the solution of various issues at seas. Now, these technologies
have come under the spotlight as a major transformative force,

having the most significant impact to the oceans.

- The World Economic Forum has paid attention to the following
12 emerging ocean technologies, which have a large potential
to change our oceans: autonomous ships, Scuba droids,
underwater augmented reality glasses, blue revolution, undersea

cloud computing, new waves of ocean energy, ocean thermal

XV



energy, deep sea mining, ocean big data, medicines from the

seas, coastal sensors, and biomimetic robots

» Climate change and the acceleration of thawing are having

impact on all areas, including the Arctic environment and
ecosystem, living environment of indigenous peoples, social

infrastructure and resource development.

- Changing living conditions of indigenous peoples of the Arctic
resulting from climate change has reduced the population in the
region. However, acceleration of thawing has increased the
accessibility of resources and vitalized the development of
regional infrastructure, raising the opportunity for the economic

development.

- Guggenheim Partners, a global investment firm, estimates that
eight countries in the Arctic Circle will invest a total of 1 trillion
dollars, some of which is already on the way, for developing
the Arctic.

- Along with declining the resident population, the Arctic is
witnessing a relatively increasing commercial opportunity,
bringing more people within the Arctic region and showing
prospects for vitalizing its industry. Such forecasts represent a
distinctive characteristic of the Arctic region where the demand
of unmanned and automation based 4IR technology is high for

the development of its economy.

» Given the environmental, social and economic distinctive- ness,
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EXECUTIVE SUMMARY

the Arctic has a higher chance than other regions of applying
advanced ICT based 4IR technology.

AYVAINNS

- The most promising sector to which the 4IR technology is applied
in the Arctic is the NSR as well as logistics and ports connected
with the NSR.

» There is an increasing effort for applying unmanned and

automation based 4IR technology, such as autonomous ships,
unmanned unloading equipment and trucks, port management
and operation through Artificial Intelligence and management

of cargoes and hinterlands via IoT.

» According to the survey targeting domestic and foreign experts,

the needs for 4IR technology are high in the Arctic. However,
the level of 4IR technology is currently low.

- In terms of the necessity of 4IR technology, Korean experts gave
81.93 points, when the score converts to a 100 point scale, while
experts from Arctic states gave 72.78. Therefore, domestic and
foreign experts alike believe 4IR technology is necessary to the
Arctic.

- When asked the reasons for the need of 4IR, experts gave the
highest weight on 'scientific and technological development',
accounting for 40.6%. Such a result represents that scientific and
technological development is an essential prerequisite for
relatively vulnerable Arctic regions to secure regional connectivity
and collect and analyze information at extreme environmental

conditions.
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» This study carried out a survey on the level of 4IR technology

for eight sectors in the maritime and fisheries industry. According
to the result, domestic and foreign experts all forecast the 4IR
technology is showing and will show high level of advancement
in 'oceanographic observation and forecasting’, 'ocean

engineering’, and 'shipping and maritime safety'.

- On the other hand, domestic and foreign experts all responded
that the level of 4IR technology in the sectors of 'ports and
logistics', 'marine biotechnology' and 'fisheries' is and will be

low in the future.

- Based on these results, it is necessary to compare the awareness
of present and future levels of technologies with an actual priority
of sectors in need of introducing 4IR technology. Such
comparison is expected to produce policy implications for

introducing 4IR technology to countries within the Arctic.

» Among 30 technologies from eight maritime and fisheries sectors

in the Arctic, the present study conducted a priority survey on
sectors and technologies where 4IR technology should be

introduced or integrated.

- Domestic and foreign experts all acknowledge that maritime
biotechnology and fisheries sectors have and will have low level
of 4IR technology as well as the needs for adopting 4IR
technology. Based on such result, these sectors will witness low
concentration ratio in terms of policy, such as R&D investment

and international cooperation relevant to 4IR technology.
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EXECUTIVE SUMMARY

2) Policy suggestions and relevant activities

AYVAINNS

» The present study utilized the survey result on the level of 4IR

technology in Korea's maritime and fisheries industry. It also
used the result of Arctic experts' perspective on the demand
of 4IR technology in the maritime and fisheries sector for the
Arctic. Thereby, mid-to-long term strategies are suggested as
follows: 1) establishing and supporting a business model for
advancing into new industries in the Arctic, 2) pushing forward
joint research and technological cooperation with the Arctic
Circle, 3) gradually promoting R&D while continuously
monitoring the trends on the Arctic, and 4) setting up and
implementing mid-to-long term plans for research development.
For these strategies, specific implementation policies are

suggested as follows;

- From the 4IR technologies that Korea owns, it is necessary to
discover and select promising items applicable to the Arctic
Circle. And then, systematic support measures should be
established to fully apply to the Arctic region. Potential projects
that can be commercialized are as follows: a) prevention of and
response to maritime disasters in the Arctic utilizing the 4IR
technology, b) applying PPF to infrastructure of the Arctic, (c)
tapping into 4IR technology to connect the NSR with inland
logistics of Arctic states, and (d) pushing forward a project for
oceanographic observation and exploration through the

construction of the 2nd icebreaker.
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- It is imperative to establish R&D measures at the government
level for strategic R&D investment to respond the demand of
4IR technology in the Arctic as well as for promoting relevant

industries.

- South Korea should strengthen its effort to find R&D cooperation
projects with competitive countries in the Arctic Circle in terms
of 'innovation' and 'advanced technology'. In addition, Korea
should boost our national status as a responsible nation with
observer status through cooperation with the Arctic Economic
Council (AEC).

- While continuously monitoring the trends of the demand and
development of 4IR technology within the Arctic Circle, Korea
should come up with customized countermeasures based on

international cooperation and strengthened internal capacity.
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Pic 1. Measures to implement policy for advancing into the
Arctic based on 4IR technology

South Korea's level of

4IR technology
Pushing forward joint Establishing and
research and supporting a business
technological model for advancing into
cooperation with the new industries in the
Arctic Circle

Arctic

Gradually promoting

Setting up and
R&D while continuously

implementing
monitoring the trends on mid-to—long term plans
the Arctic for R&D

—

Demand of 4R
technology in the
Arctic Circle

South DSl & Relevant sectors .
5 4R . . i Policy for
Korea's Policy in the maritime .
technology o ) : implementa
level of 4R . ! priority  and fisheries
in the Arctic
technology

: tion
Circle industry
Port logistics, ESEabl!shmg
Shipping and abusiness
L model for
Quadrant : - maritime, A
High High 1 . advancing
1 Oceanographic :
- into new
observationand | . dustrios i
forecasting Industries in
the Arctic
Joint
Quadrant " Ocean research and
2 igh Low 2 engineering cooperation
with the
Arctic Circle
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3) Expected benefits including policy contribution

» As the most innovative country in the world, South Korea has
high potential to cooperation with the Arctic states through
'innovation' and advanced ICT based '4IR technology' on which
the country possesses as strength. Chances are even higher for
Korea to advance into the Arctic, especially in emerging markets
such as resource development in oil, gas and minerals,
shipbuilding, offshore plant and navigation technology in Polar

Regions, the fisheries industry and environmental management.

» From this perspective, a survey was conducted targeting domestic
and foreign experts to assess the demand of 4IR technology

applicable to the Arctic Circle. Based on the survey results, the
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EXECUTIVE SUMMARY

study presented policy measures to advance into the Arctic which

are customized to the maritime and fisheries industry as well

AYVAINNS

as to relevant technologies.

» Advancing into the Arctic through the application of 4IR
technology is expected to become a useful policy item. It will
allow the government-driven the Arctic policy, the New Northern
policy and the 4IR policy to work together, further implementing

them systematically and complementing each other.
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Oil and gas fields containing immense reserves have been found in the Russian section of the Arctic sea-shelf

THE BARENTS SEA = THE KARA SEA

Field classification

Ludlovskoye {1990) Name, year of discovery,
Unique: more than Large: from 30 to Middle: from 3 to 200-240 m Sea depth
. 300 million metric 300 million tons o 30 million tons of e
tons of oil or 500 of oil or frem 30 oil orfrom 3 to 30 . it # | Gas condensate
billion m® of to 500 billion m* billion m? of gas
natural gas of gas o Oil and gas Gas

condensate

K2 https://sputniknews.com/infographics/20111007167371478-Russian—oil-and-gas
~fields=in-the-Arctic/(ZA4: 2018. 8. 6.)
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Increasing international attention is being drawn to the Arctic region as the melting of
the Arctic sea ice presents both challenges and opportunities. The Arctic region could
potentially become the region in most need for the application of Fourth Industrial
Revolution technologies due to the existence of challenges posed by extreme climatic
conditions, a unique environment which makes it vulnerable to risks and pollution, and
the lack of industrial and social infrastructure such as telecommunications, ports,
transportation systems, and logistics.

Noting the unique environmental features of the Arctic and the opportunities and
challenges presented by global warming to the region, the Korea Maritime Institute
(KMD) is interested in the potential of the 'Fourth Industrial Revolution' technology as
the key to effectively addressing many Arctic challenges.

Therefore, through this survey we attempt to study the perceptions on and of the
demand for the Fourth Industrial Revolution technology in addressing various challenges
in the Arctic from international and domestic experts.

This study also hopes to contribute to the knowledge-building of the Arctic, and the
results obtained from this survey will be shared through the publication of a report.

Any information that you provide will used for the sole purpose of this study. Should
you have any inquiries about the survey, please do not hesitate to contact us.

June 13, 2018
Polar Policy Research Center, Korea Maritime Institute

[Contact Information] : Dr. Minsu Kim, Director of Polar Policy Research Center,
Tel. +82-51-797-4787, guan72@kmi.re.kr
Seulgi Lee, Researcher, Tel. +82-51-797-4768,
sglee@kmi.re.kr
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L A Perception Survey on the Fourth Industrial Revolution in the Arctic

O Definition and concept of the Fourth Industrial Revolution

O The 'Fourth Industrial Revolution' refers to a revolutionary societal change
caused by the General Purpose Technology (* GPT: technology with the
potential to have widespread impact across pre-existing industry and
society). (Fourth Industrial Revolution Committee, 2017)

O Artificial intelligence, big data, internet of things, cloud computing, and
robotics, are core technologies leading the Fourth Industrial Revolution.

(National Research Council for Economics, Humanities & Social Science, 2017)
O The Fourth Industrial Revolution is expected to bring about an overall change

to people’s lives and the society through changes in industrial structure, and
societal effects such as in employment and lifestyle.

< The Fourth Industrial Revolution Concept >

Big
Data
Basic
Science )
\__@

Block
Chain

et

Anticipatory Investment e S It Regulatory Improvement Public Market Creation

Source : Presidential Committee on the Fourth Industrial Revolution, ‘Basic Policy Direction on
Responding to the Fourth Industrial Revolution’, p.1, 2017.10
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[J The Fourth Industrial Revolution Technology
O In this survey, the Fourth Industrial Revolution technology refers to the
following ‘10 technologies of the Fourth Industrial Revolution”:

. Internet of |Cloud computing Big data Artificial Robotics
10 Technologies R . .
of the things analysis Intelligence
Fouﬂltlm,l"dus‘ﬁﬂ Virtual/Augrented Drones Block chain 3D Printing | Nano/Advanced
Revolution . .
Reality materials
, “The Socioeconomic Tmpact of the Fourth Industrial

#National Research Council for Economics, Humanities & Social Science
Revolution and its Response Measures: Policy Chellneges for the Common Development of Technology and Society’, p.56, 2017

1. Do you have knowledge of the terminology “the Fourth Industrial Revolution"?

® | have never @ | have heard ® | have some @ | have high ® | have very
high

heard of it. of it but do knowledge knowledge
not have about it, about it, knowledge
any of it,
knowledge
about it,
2. Do you think the Fourth Industrial Revolution is needed in the Arctic?
Not Absal
) ©-0-0-0-0-0-0-0-0-0-0 =
at al necessay

3. If you believe the Fourth Industrial Revolution is needed in the Arcticc what are your

reasons? (Please explain)

4. What do you think is the current level of the Fourth Industrial Revolution in the Arctic?
@ High ® Very high

® Very low ® Low ® Average
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5. Please make an evaluation on the cument level of the Fourth Industrial Revolution in the
Arctic(Arctic states), and also the predicted level in the future for each category.

Category Level Gurart | Fulure
e |@Veylow @ low @ Avemge  ©Hgh 6 Ver High

env’\illlff):rrfent Gy e o lew ® Average @ High ~ ® Very high

biot’:?wmogy @ Verylow @ low @ Average @ High  ® Very high

Oceanographic
observation |@ Very low @ Low @ Average @ High ® Very high
and forecast

Ocean
engineering
Ports and
logistics

Shipping and
maritime @ Very low @ Low @ Average @ High ® Very high
safety

Fisheries @ Very low @ Low ® Average @ High ® Very high

@ Very low @ Low ® Average @ High ® Very high

@ Very low @ Low @ Average @ High ® Very high

6. Below is a list of factors important for encouraging the development of the Fourth
Industrial Revolution technology in the Arctic. Please rank them by importance, with 1 being
the most important, and 5 being the least important.

Category Rank (1 to 5)

Promoting industries and markets that could be utilizing the fourth
industrial revolution technology

Promoting research and development (R&D) in technology that helps
overcome environmental challenges specific to the Arctic.

Building infrastructure that supports the utilization of the Fourth
Industrial Revolution technology.

Establishing policies and systems that facilitate the development of the
Fourth Industrial Revolution technology.

Strengthening intemational cooperation to address Arctic's global and local
issues through the use of the Fourth Industrial Revolution technology.
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I. A Perception Survey on the Demand for Fourth Industrial Revolution

Technology in the Arctic

[0 The classification system of the oceans and fisheries technology used in
this survey is from The Oceans and Fisheries Technology Taxonomy (2015)

[Annex 1]

According to T7he Oceans and Fisheries Technology Taxonomy (2015), marine

technology can be classified as follows:

Technology Definition
Marine Technology for securing, transforming, and processing various
resources marine resources such as mineral, water, energy and bio resources
Technology for monitoring and predicting changes in the ocean
Marine environment, restoring and purifying polluted waters, and

environment

minimizing environmental disasters in the ocean in order to
preserve and utilize the ocean in environmentally-friendly manner

Marine
biotechnology

Bio-engineering technology utilized for analyzing information and
developing new substances through the use of vital phenomenon
and genetic functioning of marine living resources

Oceanographic
observation and

Technology used for establishing an effective management system
of the territorial sea through means such as establishing a
oceanographic observation and monitoring system within maritime

orecast jurisdiction, and improving oceanographic forecasting ability
Engineering technology related to securement of safety, and
Ocean . . . . ) . :
sngiieefing design, interpretation, manufacturing, delivery, and installation of
9 plant, ship, and equipment needed to efficiently use the ocean
Ports and Technology related to cargo handling, transportation, and
- information system development and operation from the port, as
logistics . . .
well as the optimal design and construction of ports
Shipping and

maritime safety

Technology for preventing and minimizing accidents at sea

Fisheries

Technology for fisheries  distribution information, fisheries
ecosystem management, fishery resources survey and fisheries
information system which contribute to the advancement of
fisheries
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[Annex 2]
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Below is a representation of technology for each category of the Marine Science &

Technology Taxonomy.

Oceans and Fisheries

Marine resources

Marine environment

Marine biotechnology|

Oceanographic
observation and
forecast

= Marine mineral
resources development
technology

« Marine environmental
change prediction and
management, and

= Original technology
= Biomaterials
manufacturing

= Oceanographic
cbservation and
menitoring system

« Ocean water marine pollution technology technology
resources exploration mitigation technology « Bioprocessing « Oceanographic
and utilization = Marine ecosystem technology forecast and information
technology management technology

« Marine energy(tidal technology
energy, wave energy, « Marine environmental
offshore wind energy, risk assessment and
ocean thermal energy management
conversion) technology
development and « Ocean climate change
utilization technology prediction, adaptation,
= Marine living and mitigation
resources aquirement technolgy
and management
technology
‘ Ocean engineering ‘ Ports and logistics | SR | | Fisheries

maritime safety

« Offshore design,
production, and
management
technology

« Ship design, building,
and automation
technology

« Ocean equipment
and exploration
technology

« Port construction and
equipment
development
technology

= Port operation
information system

= Port, logistics, and
transportation

« Coastal zone
utilization, protection,
and preservation
technology

« Marine traffic system
advancement and
automatization, safety
technology

« Human safety at sea

= Marine safety, marine
structure and marine
security technology

« Fishery environment
survey and management
technology

= Fishery ecosystem
management

= Aquatic life disease
treatment and
management

= Fishery resources
survey and aquaculture
production management

« Fisheries information
system

« Fisheries product
distribution information
technology

= Processing and
transportation of fisheries
products
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[Annex 3]

The definition for each specific technology as classified under the Marine Science

& Technology Taxonomy is as follows:

Technology | Specific Technology Definition
Environmentally-friendly exploration and development technology
Marine mineral for efficiently extracting and utilizing marine mineral resources
resources development |such as manganese nodules, manganese crusts, hydrothermal
technology deposits, and apatite that are found in the seabed, ocean floor,
and subsoil
Ocean water resources | 1echnology for exploring and developing the ocean water as a
Marine _exploration and resource, and for utilizing dissolved substances through
resources | Utilization technology | separation and extraction
Marine energy Technology for evaluating and analyzing the existence of
development and potential ocean energy, and for transforming that energy into
utilization technology | electrical power or other useful energy resources
Marine living resources | Technology for managing and explaining the diversity of marine
ac%tgr:zm:rr%teﬁpd organisms, and applying in sectors such as marine
techﬁobgy bioengineering and marine conservation ecology
Marine environmental Technolo‘gy for Apreservir?g and managing the marine environment
change prediction and by studying various environmental factors that control and
management, and | determine the marine environment, and thereby restoring and
_marine pollution cleaning-up polluted oceans, and monitoring and predicting
mitigation technology . . :
changes in the marine environment
) Technology for ecological evaluation, preservation, and
Marine ecosystem | janagement based on information acquired on the diversity and
Marine ngggﬁrg];glrgg;t ecological functions of organisms living is diverse marine

environment

environment.

Marine environmental
risk assessment and
management
technology

Technology for detecting harmful substances that pose as threats
to the marine ecosystem and humans, for evaluating the risk
level, and for managing that harmful element.

Ocean climate change
prediction, adaptation,
and mitigation
technology

Technology for addressing climate change through predicting
and assessing marine ecological and environmental responses to
climate change, and understanding the role of oceans in the
climate change

Original technology

Technology for interpreting marine organism'’s biological
functions and phenomenon at the genetics and proteinic level,
and for discovering valuable genetic resources and proteins

~ Marine mzfl?:gfdirﬂ Technology for developing new industrial materials by using
bloen%meerm technologyg metabolite produced from marine organisms or their biometrics
) . Technology used for developing a process of mass production,
B'tce’g{]%%ﬁf%';g which is needed for industrializing high-value added substances
derived from marine organisms
Oceanographic
Oceanographi observation and

¢ observation
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Technology

Specific Technology

Definition

and forecast

technology

uses artificial satellite and ocean observing equipment

Oceanographic forecast
and information
technology

Technology for analyzing spatial and temporal information on
the changes of the ocean and for real-time forecasting

Offshore design,

Ocean production, and Offshore platform and equipment related technology, needed for
engineering management the efficient use and development of the ocean
technology
Ship design, building, |Technology used for securing the safety of ship equipments and
and automation systems, and for the designing, developing, and constructing of
Ocean technology vessels
engineering o ) ¢ and Technology used for making ocean equipments, such as water
cean equipment an A h .
exploration technology sport eqUIpmenFs and oceanographic survey, observation and
exploration equipments.
Port construction and | Technology used for designing and constructing coastal and port
equipment development| . .
technology facilities, and technology related to the development of
construction equipments, disaster prevention, and reinforcement
Port operation Information systems technology for the operation of port
Ports and information system  |facilities and the management of logistics
logistics Port, logistics, and | Development technology for cargo handling and transportation
transportation equipment
COaS;?Lé%{}f,n“t!iﬁS“O“’ Various engineering technology for the development, utilization,
preservation technology |and protection of the coastal area
Marine traffic system | various technology for assessing and ensuring the safety of the
advancement and h hios travel. and for the ad t of the shi
automatization, safety |5¢2 Where ships travel, and for the advancement of the ship
technology operation system
Various technology used for improving the ability of crewmen in
Sh'PP‘!%Q and | Human safety and sea |order to prevent human error and minimize damages in case of
maritime :
safety a diaster
Marine safety, marine | Technology for assessing and managing the marine system
structure and marine |including potential accidents caused by human error, in order to
security technology | ensure maritime safety
Fishery environment A comprghensn{g ar?d systematic survey techn_olc?gy for the
survey and preservation, utilization and management of fishing grounds,
management such as the technology for cleaning and maintaining the fishing
technology ground
Fishery ecosystem Technology for conserving and improving the environment for
management fisheries, and for sustainably managing the fisheries ecology
Fisheries Aq#aeggrggﬁtd;;%ase Technology for diagnosing, preventing, treating, and managing

management

fish diseases

Fisheries resource
survey and aquaculture
production
management

Technology for fisheries resource survey assessment/management,
and prediction
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Technology

Specific Technology

Definition

Fisheries information
system

Technology for studying fishery resources, resource changes, and
its ecology, as well as technology related to marine genetic
resources, genetic engineering, and breeding

Fisheries product

Technology utilized for seafood distribution, sanitary control,

distribution information |quality control, risk assessment, functional improvement, and

technology

nutrition enhancement

Processing and
transportation of
fisheries products

Technology related to the processing, storage, packaging, and
distribution of seafood
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Survey 1) A Perception Survey on the Relative Importance of the Ocean
and Fishery sectors in the Arctic

The purpose of this survey is to identify which oceans and fisheries sector is
perceived as in most need of adopting the Fourth Industrial Revolution
technology for the Arctic. Sectors are paired for comparison to determine their
relative importance.

For each pair, please select a side and the number based on your perception of
relative importance. The higher the number, the more important it is compared
to the other sector. If you believe the two sectors are equally important, select

@.

(®: Equal; ®: Somewhat necessary; ®: Necessary; @: Very Necessary; ©:
Absolutely Necessary; the numbers in between are considered as their median

value)

Evaluation |Absolutel Very ih Equall h Vi Absolutely| Evaluati
category [eosay| vy PO D! foomant  pewn| P by |esan| category
e | @ [0 0 |6 0|0 0|0 0|0 0|00 |0 0|0 @ | e
re’\gg\:‘aees 0 0 © 6|00 |00 |0 0|00 |0 0 0 biue’;xﬂgai?wg:ring
: Qceanographic
Maive | g 0 0|0 o] ole|o|o|o|e|e|e|o 9 obsmtf:;”and
Jaine 1 9 @l © (6| ® |0] 0|0 0|0 0|0 0|60 O] 0| o=
e | © 160 © 0| 6 |0] 0|00 |0 0|00 |00 |0 0|
wiontss | @ 0 |6/6 |0/ 0|0]0|0]| 0|0 6|0]0 O | oty
e | 9 1@ © |6 © |©| 0 0| 0|0 0|0 6|6 0O O O | s
Mare | 9 19| @ |0 6 (@] @ (0| @ |0 O @] O |0 O O] @ |
Marine Oceanographic
I ) ® 60| 6|o|o|elo 0|6 |06 60 O |dhanaorn
e | 9 @ @ 0| 6 |0 © |0 O |0 0|06 |6 0|6 O |, >
ey © 10 0 (6] 0|0/ 0|0 0|00 |00 |00 |0 0|
eniemen| @ (8] © 0] 6 0] 00| 00| 0006 00| O |y
e 1 9 16| @ || 6 |0] 0 |0 0|0 0|0 06|60 0 O O | s
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Evaluation Absolutely| Very omewhal Equally Somewha Very Absolutely| Evaluation
category |necessary| | necessary S ocessary|  [ecessaryl  ecessary OSSN nocessar necessary| - category
Marine Oceanographic
bioengineerin| @) O 6| ® |®| & |0l O 0| O |O] O |00 0) obsefrvaﬂont and
) orecast
M:
bgg o6 06 6|6 |e|o|e|0|o|lo|o|6 6|0 0 | g
 Marine Ports and
bwenggmeerm 0] Q |6/ ® |60 |00|0|0|® 6|6 O 0] logstics
 Marine Shipping and
bioenggmeerm ¢ O 6| ® |® 6|00 |@ 0 O] 06 |60 O | martme safety
| © (0| © [0 © 0] 0 0| 0 |0 0 0|0 |0] 0 © | Feies
9
Oceanographi Ocean
¢ chertin 6] Q@ |6/ ® |60 |00|0|0|® 6|60 O © | engincering
Oceanographi Ports and
c observation| - @ Q |6/ ®|®/06|00|0|0 |0 6|0 O 0] logstics
and forecast
Oceanographi h d
4 r?gsgrvea(t::? ® o &/ ® 0|0 |0 O 0|0 |0 6|60 0 0] msar‘fﬂwegszf"ew
Oceanographi
¢ observation| 9 ® (6| 6|0 @O |0|]0O |0 O @O O | 6|0 0 Fisheries
and forecast
eghenng | @ © |6/6 |00 (00|00 |00 |6]0 9 | fonand
X | 0 6] 0 |e] 0 |o| 0 |o| 0 0| 0|00 0| 00| o [Tmuu
| ® (6] 0 |6] 0 |e| 0 |0|0 0|0 |0]06 6|0 © | Foeie
feai | 0 (o] © 0] 0 (0] 0 0|0 0|0 0|0 6|0 0] 0 |Jmmad
ail 9 l6 0 0] 0|00 e[ole|oo]o]0]0 0 | Fheis
Shﬁs:ﬁ% an 0 o el ololololololololo el a ) Fisheries
Safef

158



4
Ju

Survey 2) A Perception Survey on the Relative Importance of Oceans
and Fisheries Technologies for the Arctic

The purpose of this survey is to identify which among the oceans and fisheries
technologies are perceived as in most need of adopting the Fourth Industrial
Revolution technology for the Arctic. The survey is divided into 8 sections by
each oceans and fisheries sector, and within each section, technologies are paired
for comparison to determine their relative importance.

For each pair, please select a side and the number based on your perception of
relative importance. The higher the number, the more important it is compared
to the other technology. If you believe the two technologies are equally
important, select @.

(®: Equal; ®: Somewhat necessary; ®: Necessary;, @: Very Necessary; @:

Absolutely Necessary; the numbers in between are considered as their median
value)

2.1 Marine Resources Sector

Evaluation | Absolutely Very
category | necessary necessary

Somewhat Equally Somewhat
necessary | | necessary necessary

Very Absolutely | Evaluation

Necesary necessary | | Mecessary | category

Necessary

- Ocean water
Marine mineral resources

dg&;ﬁ)”;ﬁﬁgm ® © |6 6 |@ 6 |0 O |0 © | O |6 O © | exploration and

technology utilization

technology
Marine mineral dMa‘rine energyd
resources levelopment an,
development Y © |6 6 |0 6|0 O |0 0|0 6|6 0 0 ut\'ﬁzation
technology technology
Marine minera Marine liing

resources

development| @ o |6] 6 |0 @ |0 0|0 6 |0 6@ |6 O © | acquirement and

management
technology technology

Ocean water ;
resources Marine energy

eloaon | @ ® 6| 6 0| @ |0 @ |0 6 |6 © (6] O g |demimat o

and utilization

technology technology
Ocean water Marine living
resources resources
exploration | @ ® 10| ® (@ @ 10| O (@ O |® ©® [® @ © | acquirement and
and utilization management
technology technology
Marine living

Marine energy| resources

a?]zvﬂgm;gtn 0) Q|6 @ @ O |0 @ @ @ |® © (@ @ |® O |acquirementand

management
technology technology
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2.2 Marine Environment Sector

it Absolutely Very | |Somewhat) | Equally | |Somewhat| |, Very Absolutelyfp o+
Bralusin category necssary | |necessary ey Decessaly|  Mecessaryl  |necessary Hecesary o0BSSATY) | ecessary Ereluaion calegry
Marine environmental
change prediction and Marine ecosystem
mana?emem, and marine| @ @16 ©@ (0 @ (0] @ (@ O (@ ® |6 @ © | management
pollution mitigation technology
technology
Marine environmental Marine
change prediction and environmental risk
mana?emem, and marine] @ @16 ©® (@ O |0 |@ @ (@ © |6 @ © | assessment and
pollution mitigation management
technology technology

Marine environmental Climraet;éi%z’annge
change prediction and adapptation and
mana?ement, and marine| @ 0|0 6|0 ©|0 0|0 0|0 6 |60 0 | “hitgaton

pollution mitigation technology f
gy for the
technology ocean

Marine
i i | risk
Marine ecosystem environmenta
management technology 0 ® 16 6|0 0|00 0 0|0 6|60 0] a;sqeas;anéeemear]r;d
technology

Climate change
prediction,

Marine ecosystem adaptation, and
management technology 0 0|6/ 6|0 0|0 0|0 0|66 |60 0 echrgg%ayﬂfoﬁr "
[t
ocean

Climate change
Marine environmental risk prediction,

sesnetand | © 0] O (6] 6 |6 0 |0 0|0 O |0 © |6 O |6 @ |*Pon

it
management technology Lech;@lzl)ggay Ifogr the

ocean

2.3 Marine Bioengineering Sector

Absolutely Very Somewhat Bqually Somenhat Very Absolutely|  Evaluation

vlusion categry necessary|  necessary Heessary Necessary|  Decessary)  |necessary, llecssry eoessary)  necessary| - category
Biomaterials
Oigin tectnoogy | @ (@] @ || 6 |@] © (@] 0 |0 0 |0 © (6] © |®] O |maniacurig
technology

Original technology | © 06| 6|06 (000 0|6 6|60 0 [T

Biomaterials

! Bioprocessing
m;rll}l]f;g}gg;lg 0 0166|006 |0]0(0 0|0 6|60 0 |Mechnology
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2.4 Oceanographic Observation and Forecast Sector

4
Ju

" | Absolutely Very - Somerhat Equally Somewhat q Very Absolutely .1
Evaluation category hesay| ooy Hecessary sy GG hecsay Necessary oy sy Fvaluation category
(?)ceanograph'\cd Ofceanograpl&ic
observation an orecast an
monitoring systems e 016/ 600|000 0|00 )0]0 © information
technology technology
2.5 Ocean Engineering Sector
i Absolutely Vary | {Somewhat, Equally Somewhat Vary Absolutely|  Evaluation
Evaluaon calegory TCESSay|  ecessary Hecesry TeCESATy|  Decessary| | necessary, Hecesey ocessary]  (mecessary| - category
Offshore design, Ship design,
production, and building, and
management 0 06| 6|6/06 000 0|6 6|00 0 automation
technology technology
Offshore design, Ocean
production, and equipment
management 0 06|06 |6/08 00|00 |0 06|00 0 and exploration
technology technology
¢ 1% i Ocean
Ship design, building, ;
and automaton | © 06| 6|0 0|0 0|0 0|6 6 6|0 O | miotion
technology technology
2.6 Ports and Logistics Sector
- | Absolutely Very " Somewhat Equally Somerhat | Very Absolutelyfe
Evaluation category nevsssry| gy Necessary sty ey necsay Hecessary hecessan necessar),E\aluatlon category
Port construction .
" Port operation
a';gvgﬂ,”p'ﬁ{gﬁ?t ® 0 ® (00|00 |0 0|06 |60 © | information
technology Syske
Port construction .
. Port, logistics,
et 10 |0 0 (06000 0006|6060
technology ransportation
Port construction Cﬁ;?;a‘tié?]ne
et 1@ (0| 0 (6] 6 |0 00| 0|0 0|06 |00|6]0 ptcion
preservation

technology technology
. Port, logstics,
Port operation ' '

. ) 9 d
oo sen| © 0] 06| 6101 618/ 010| 0096000 o
CoaTta\ zone

. utilization,
| © (0] 06| 6 (0] © 0] 0|0 © [0 6 |6| 0 6] O |polecion
preservation

technology
CoaTta\ zone

i utilization,
Flsis i) o 19| 0 |6 © (0| 0 [0 0 [0] 6 [0 6 (6|0 6| 0 |pema
ransportation ’
preservation

technology
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2.7 Shipping and Maritime Safety Sector

Evaluation ~ |Absolutely Very Somewhat Equally Somewhat Very Absolutely|  Evaluation
category |necessary| - [necessary) flcesary necessary| - [ecessary) | necessary BT ey necessary|  category
Marine traffic
dsystem
advancement
a | 00| 0|66 |0 0000 6 © |0 0 |0 @ |tmnsey
automatization,
safety
technology
Marine traffic
advsaynscrzmem Marm:ri;aefety,
and ® 060 |00 0 0|0 O 9 0 ©  |structure and
automatization, marine securi
ty
safety technology
technology
Marine safety,
Human safety at marine
eyl 9 16| 0 |60| 6|0 6 |0 0|0 O © (6] 0|0 O |suuean
marine security
technology
2.8 Fisheries Sector
o Absolutely Very . Someihat Equally | | Somewhat Very Absolutely|  Evaluation
raluton cilegory necessary|  Mecessary sy Iecessary|  Decessary|] | necessary llecesay Mecessaryl  [necessary| - category
Fishery environment Fihery
i | 010|060/ 6|0/ 000|000 6600 0| «mpen
managemery management
technology
Fishery envirorgjment Aqdu_at\c life
survey an sease
management 0 06|60 0|0 0|00 0 0 0 treatment and
technology management
Fishery environment Fis%;irx/eryes:#é(es
sneyand | g 0|6/ 0|0 000|000 9 O |0 O | auacue
management production
technology management
Fishesrz njzenvira%rément Ficharies
e Y 0 0|6 ® @ 0 |0] 0|0 0O 6] 0] © | information
gement System
technology 4
Fishery environment Fisheries product
survey and distribution
management 0 06| ©|® 0|0 0|0 0 0 0 0 information
technology technology
Fishery enviror(liment Processing andf
survey an fransportation o
management 9 00060/ 0|00 0 0 0 0 0 isheries
technology products
, Aqduatic life
Fishery ecosystem sease
mategement | O 06| 60|00 (00|00 9 0 0 Un::;r:gegrtn Sﬂf
Fishery ecosystem | (@ 6| ©® 0| ® |00 |0 6 ® [0) ©  Fishery resources
1y &gy T
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’ Absolutely Very Somewhat| | Equally Somerhat Very Absolutely|  Evaluation
Eralaton alegory TCESSay|  Decessary ey Tecessary|  Decessary)  |necessary bczsary ecessary]  [necessary|  category
survey and
management ﬁgﬂ&f
management
) Fisheries
™ | © |®| 0 6] 6 |0 0 (0|0 (0] 0|0 6|60 |6 O nomsin
system
; F\sléeriesbprodud
Fishery ecosystem stribution
management 0 0 0 0 0 9 6 0 U information
technology
Processing and
Fishery ecosystem transportation of
management 0 0 0 0 0 9 0 0 0 isheries
products
Fishery resources
Aquatic life disease survey and
treatment and [0} [0} ® ® (0] ® ® [0} © | aquacutture
management production
management
Aquatic life disease Fisheries
treatment and | @ 0] ® ® 0] 0] ® [0) © | information
management system
Aquatic life disease Fistg;it%sblﬂ)trigﬁuct
treatment and | @ 0 ® d 0] ® 0] Q ® | ifomation
management fechnology
e Processing and
Aquatic life disease !
teatment and | © Q ® Q 0] 0 0] Q 9 [ g’h'ﬁi,t;;’” of
management products
Fishery resoudrces ;
SUrvey an Fisheries
aquaculture 0] [0) ® ® 0] ® ® [0) © | information
production system
management
Fishery resources o
Fisheries product
siney and distribution
aquactue | @ 0 ® 0 0 0 ® 0 ® | ifomaton
production technolo
management %
Fishsirr{leryes:#éces Processing andf
aqualve | © (0| 0 (6| 6|0 0 |0[0(0 0|06 |6/0|0 0 "
production rodits
management p
Fisheries product
Fisheries information distribution
system 0 0 9 0 0 9 0 0 ) information
technology
) . Processing andf
Fisheries information transportation o
system 0 0 ® 0 0 0 J 0 0 isheries
products
Fis%&en’esb product Processing andf
stribution transportafion o
information 0 0 0 0 0 9 0 0 ® isheries
technology products
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Please provide your opinion on the idea of utilizing the Fourth Industrial Revolution
technology for the advancement of the oceans and fisheries sector in the Arctic.

Opinion

Basic Information about Survey Respondents

Country of
Oﬁgn

Area of | 1. Relevance to the Arctic(Polar) [J Relevant [J Not relevant
Specialty | 2. Relevance to the Oceans and Fisheries sector [] Relevant [ Not relevant

Organizatio | (] Government [J Public Organization [ Research Institute
n affiliation | [ Private Organization [ University
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