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1 Introduction

Norway is a maritime nation. The seas and coastll
line have shaped the development of Norwegian
society and played an important part in forming
the Norwegian sense of identity. Norway’s marine
areas support a wide range of species and habitats
and provide us with valuable resources, some
familiar and others that we are still learning about.
Many sectors of Norwegian industry and the Norll
wegian economy are closely linked to the seas,
from maritime transport and shipbuilding to fishll
eries, aquaculture and the petroleum industry.

1.1 Integrated, ecosystem-based
marine management

The white paper Protecting the Riches of the Sea
(Report No. 12 (2001-2002) to the Storting) was
the first in which the Government presented a
more ecosystem-based and cross-sectoral marine
environmental policy using integrated managell
ment plans as a tool. At the time, the management
system was fragmented, and there was no coherll
ent knowledge base. Since then, integrated manll
agement plans have been drawn up for all Norwell

gian sea areas. The management plans have been

published in the following white papers:

— Integrated Management of the Marine Environ-
ment of the Barents Sea and the Sea Areas off the
Lofoten Islands (Report No. 8 (2005-2006) to
the Storting).

— Integrated Management of the Marine Environ-
ment of the Norwegian Sea (Report No. 37
(2008-2009) to the Storting).

— First update of the Integrated Management Plan
for the Marine Envivonment of the Barents Sea—
Lofoten Area, Meld. St. 10 (2010-2011).

— Integrated Management Plan for the Marine
Environment of the North Sea and Skagerrak
Meld. St. 37 (2012-2013).

The purpose of the management plans is to prol
vide a framework for value creation through the
sustainable use of natural resources and ecosysll
tem services in the sea areas and at the same time
maintain the structure, functioning, productivity
and diversity of the ecosystems. The management
plans are thus a tool both for facilitating value crell
ation and food security within sustainable limits,
and for maintaining good environmental status.
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Figure 1.1 The Barents Sea-Lofoten manage-
ment plan area.

Source: Norwegian Polar Institute.

The management plans clarify the overall
framework and encourage closer coordination
and clear priorities for management of Norway’s
sea areas. They are a clear expression of Norll
way’s willingness and capacity as a coastal state to
ensure sound management of its marine areas.

1.2 Background and basis for this
update of the management plan

The 2006 integrated management plan for the Barll
ents Sea—Lofoten area and the management plans
for the Norwegian Sea and for the North Sea and
Skagerrak all included a broad-based, overall
description of the relevant sea areas, including
ecosystem status and trends, as a basis for deterl]
mining the measures to be introduced. An update
of a management plan has a more limited scope,
dealing with a restricted number of issues, knowlll
edge updates or part of the geographical area of
the management plan. In the 2011 update of the
Barents Sea-Lofoten management plan, there
was a special emphasis on descriptions and
assessments for the waters off the Lofoten and
Vesteralen Islands and Senja. The updates also
ensure that the general framework for managell
ment of the area continues to be appropriate durll
ing the period before an overall revision of the
management plan. According to plan, a complete

revision of each management plan will be carried
out about every 15 years.

In the present update of the management plan,
the Government will focus on the northern/Arctic
part of the Barents Sea-Lofoten management
plan area. Human activity has less direct influence
on these waters than on any other part of Norll
way’s sea areas, but at the same time this is the
region that is showing the earliest signs of climate
change. Changes in the extent of the sea ice are
making new areas accessible for human activity,
particularly shipping, fisheries and petroleum
activities. These changes will make new demands
on the administrative authorities.

Updated knowledge about the state of the envill
ronment and new measurements of sea ice extent
have improved our understanding of the geoll
graphical location of the particularly valuable and
vulnerable areas in the management plan area.
The Government is not proposing to alter the defi-
nition of the marginal ice zone as a particularly
valuable and vulnerable area used in the earlier
versions of the management plan, but will update
its delimitation for the purposes of the managell
ment plan on the basis of new measurements of
sea ice extent.

No changes to the framework for commercial
activities in the Barents Sea—Lofoten managell
ment plan area are being proposed at present.

In 2020, the Government will publish a white
paper presenting an overall revision of the manl(l
agement plan for the entire Barents Sea-Lofoten
area. As part of the scientific basis for the revision,
the definition used as a basis for determining the
delimitation of the marginal ice zone will be
reviewed.

The management plans describe changes in
the marine environment as a result of climate
change. They also describe the influence of
human activities in the management plan area on
marine ecosystems, including activities that result
in greenhouse gas emissions and may contribute
to climate change. However, the management
plans are not intended as direct climate policy
tools. Decisions on policy instruments and measl(l
ures to reduce greenhouse gas emissions are
made as part of other processes, not through the
marine management plans.

Value creation from commercial activities is a
relatively minor topic in the present white paper.
However, this will be a key topic as scientific work
on the management plan continues. A great deal
has already been done to build up a body of
knowledge in connection with the previous update
of the Barents Sea-Lofoten management plan in
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2011 and a white paper on the petroleum industry
published in the same year. This includes knowlll
edge about the potential impacts of petroleum
activities in unopened areas along the coast of
Nordland and Troms counties, and about the
direct and spin-off effects of expanding commerf(l
cial activities such as tourism and fishery-related
enterprises. The results of this work will form an
important part of the scientific basis for the revill
sion of the management plan in 2020.

In the previous versions of the Barents Sea—
Lofoten management plan, the marginal ice zone
is described as a particularly valuable and vulnerall
ble area, delimited using statistical methods of
expressing sea ice extent. In recent decades,
there has been a clear negative trend in sea ice
extent in the Barents Sea. Calculations of the
extent of the marginal ice zone have been based
on older ice data that are no longer representative
of current ice conditions. In the present white
paper, the delimitation of the marginal ice zone for
the purposes of the management plan is therefore
updated using ice data for the period 1985-2014.

The northern part of the management plan
area includes the fisheries protection zone around
Svalbard and the territorial waters of Svalbard.
Activities within the territorial waters of Svalbard
are regulated by the Svalbard Environmental Proll
tection Act. Norway has ambitious goals for main(l
taining a more or less undisturbed environment in
Svalbard, set through white papers specifically on
Svalbard, most recently in 2009 (Report No. 22
(2008-2009) to the Storting) and subsequent
Storting debates on these white papers. Large
nature reserves and national parks protect 87 % of
the territorial waters and most of the coastline of
Svalbard. Management plans are being drawn up
or have been adopted for all of these to ensure
that the purpose of protecting the areas is
achieved. In the northern Barents Sea region,
there are close links between terrestrial and
coastal species and ecosystems in Svalbard and
those in surrounding sea and drift ice areas, and
they are interdependent. The territorial limit 12
nautical miles from land around Svalbard is an
administrative boundary, but does not reflect an
ecological boundary. An integrated management
regime is therefore needed that helps to achieve
the goals set for areas both within and outside the
territorial waters around Svalbard.

1.3 International cooperation

The 1982 United Nations Convention on the Law
of the Sea constitutes the basic international legal
framework for all maritime activity. The Convenl(l
tion applies to all sea areas, including the Barents
Sea and Arctic Ocean. It sets out detailed rules on
the rights, duties and responsibilities of states as
regards promoting peaceful and sound utilisation
of the seas and taking into account the protection
of the marine environment and other important
interests. Under the Law of the Sea, Norway has
jurisdiction over substantial resources. Coastal
states also have a clear duty under the Convention
to protect the marine environment in their waters,
so that Norway has a major responsibility for
ensuring sound management of the areas under
its jurisdiction.

Under the Law of the Sea, countries also have
a duty to cooperate at regional and global level to
protect and preserve the marine environment. For
the area in focus in this update of the management
plan, the most important cooperation forums are
the International Maritime Organization (IMO),
the Arctic Council, the Convention for the Protecl]
tion of the Marine Environment in the North-East
Atlantic (the OSPAR Convention), the North East
Atlantic Fisheries Commission (NEAFC) and the
bilateral environmental cooperation and fisheries
cooperation between Norway and Russia. In addil
tion, there is substantial research cooperation, for
example under the Intergovernmental Panel on
Climate Change (IPCC), the International Council
for the Exploration of the Sea (ICES) and the
International Hydrographic Organization (IHO).

The International Maritime Organization (IMO)

Extreme weather conditions, winter darkness, ice-
covered waters, the limited availability of commull
nication systems and the remoteness of polar
waters make it challenging to ensure the safety of
shipping and avoid damage to the vulnerable envill
ronment. In recent years, IMO has intensified its
efforts to provide for ship, crew and passenger
safety and to improve protection of polar waters.
The adoption of the Polar Code is a particularly
important step. The Code is internationally bindl
ing, and establishes additional requirements for
ships that are to operate in Arctic or Antarctic
waters. The safety requirements were adopted in
November 2014 and the environmental requirell
ments in May 2015. The entire Polar Code is to
enter into force from 1 January 2017 and will apply
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Figure 1.2 Area of application of the IMO Polar
Code in Arctic waters.

Source: International Maritime Organization

in the areas defined as polar waters. The Polar
Code is further discussed in Chapter 3.

The contribution of shipping to climate change
in the Arctic is also on IMO’s agenda. Ships generll
ate emissions of soot, or black carbon, which is a
shortlived climate forcer that has a particularly
strong impact in the Arctic. IMO is seeking to
reach agreement on a definition of black carbon
emissions and identify methods of measuring
these emissions and control measures to reduce
them.

The Arctic Council

The Arctic states are engaged in extensive cooperll
ation within the framework of the Arctic Council
to promote sustainable, ecosystem-based managell
ment of marine areas. Norway has been playing a
leading role in this cooperation with the aim of
creating greater understanding of the importance
of an ecosystem-based approach to management
of Arctic waters. A new Arctic marine strategic
plan is being drawn up for the Arctic Council min[l
isterial meeting in spring 2015. It includes stratell
gic goals to improve knowledge of the Arctic
marine environment, conserve and protect ecoll
systems, promote safe and sustainable use of the
marine environment and enhance the economic
and social well-being of Arctic inhabitants, and
strategic actions for achieving these goals. The
implementation of an integrated, ecosystem-based
approach to management is a central element of
the plan. This topic was also addressed by the
Ecosystem-Based Management expert group,
which submitted its recommendations in 2013.

In addition, various Arctic Council working
groups are working on the implementation of an
ecosystem-based management regime. The Arctic
Monitoring and Assessment Programme Working
Group (AMAP) has identified Arctic marine areas
of heightened ecological significance in the light
of a changing climate and more intensive use. At
the ministerial meeting of the Arctic Council in
spring 2015, updated knowledge about short-lived
climate drivers (methane, ozone and black carll
bon) will be presented. The Protection of the Arcll
tic Marine Environment Working Group (PAME)
has conducted an assessment of Arctic shipping
and has carried out a project on the use and carll
riage of heavy oil fuel (HFO). PAME has also
assessed the need to designate areas in the high
seas area of the Arctic Ocean that warrant protecll
tion from the risks posed by shipping, and has
identified possible measures to reduce the risk of
environmental damage. Moreover, work is in proll
gress on a common framework that countries can
use to designate marine protected areas (MPAs)
in areas beyond national jurisdiction. Tourism in
the Arctic is expanding, and PAME is therefore
looking at measures and guidelines to promote
sustainable marine tourism. The Emergency Prell
vention, Preparedness and Response Working
Group (EPPR) has prepared a guide to oil spill
response in snow and ice conditions, which will be
presented at the Arctic Council ministerial meet(]
ing in spring 2015. The EPPR is also developing a
searchable database of Arctic oil spill response
assets. The working group is discussed further in
Chapter 3.5.

In 2013, the member states of the Arctic Counl
cil signed the Agreement on Cooperation on
Marine Oil Pollution Preparedness and Response
in the Arctic, see Chapter 3.5. The operational
guidelines for the agreement were developed and
are maintained by the EPPR. A framework plan
for cooperation on prevention of oil pollution from
petroleum and maritime activities in the marine
areas of the Arctic is being prepared for the minis[l
terial meeting in April 2015.

The Agreement on the Conservation of Polar Bears

The Agreement on the Conservation of Polar
Bears was adopted in 1973 by the five Arctic states
Canada, Denmark (Greenland), Norway, the US
and Russia (then the USSR). Its purpose is to proll
tect polar bears and their habitat through coordill
nated national measures taken by the parties to
the agreement. The agreement is the key internall
tional instrument for cooperation on polar bear
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Figure 1.3 The five regions of the OSPAR area.
Source: OSPAR.

protection throughout their range, which in Nor(l
way means the northern part of the Barents Sea—
Lofoten management plan area, including Svalll
bard and sea areas that are ice-covered for part of
the year. Under the agreement, the parties have
an obligation to ensure sound management of
polar bear populations on the basis of the best
available scientific data. The agreement requires
the parties to take appropriate action to protect
the ecosystems of which polar bears are a part.

In 2009. the parties to the agreement agreed to
develop a circumpolar action plan and national
action plans for the polar bear. The Norwegian
Environment Agency has drawn up a Norwegian
action plan, and the circumpolar action plan is
scheduled to be adopted at the meeting of the par(l
ties in Greenland in autumn 2015.

OSPAR and NEAFC

The Convention for the Protection of the Marine
Environment of the North-East Atlantic (the
OSPAR Convention) unites 15 countries around
the North-East Atlantic and the EU as parties in
efforts to protect, conserve and improve the state
of the marine environment. The OSPAR area is
divided into five regions, and there has recently
been a special focus on Arctic waters (Region I).
OSPAR’s role in coordinating the implementation
of the EU Marine Strategy Framework Directive
is important for parties to the convention that are
also EU member states.

The North East Atlantic Fisheries Commisl
sion (NEAFC) is a regional fisheries management
organisation that is responsible for managing all
fish resources in in international waters in the
Northeast Atlantic. Its objective is to promote
long-term conservation and optimum utilisation of
the fishery resources of the Convention Area. The
contracting parties are Norway, Russia, the EU,
Iceland and Denmark (in respect of the Faroe
Islands and Greenland). Its most important tasks
are to develop good control and enforcement
schemes and promote a more ecosystem-based
approach to management in its regulatory area.
NEAFC adopts regulatory measures to ensure
that fisheries are sustainable, such as TACs and
seasonal closures. Regulatory measures are
adopted by the contracting parties on the basis of
scientific advice from ICES. NEAFC has a comll
prehensive control and enforcement scheme and
also adopts regulatory measures to protect
marine ecosystems that are vulnerable to presl
sures and impacts associated with fisheries.

In recent years, there has been close cooperall
tion between OSPAR and NEAFC. OSPAR is
responsible for surveys of the state of the environl(l
ment for and identifying pressures and impacts on
the environment, including those associated with
the fisheries, while NEAFC is responsible for
establishing measures to deal with the pressures
and impacts of fisheries on the environment. In
2014, OSPAR and NEAFC concluded a collective
arrangement with the purpose of further strengthll
ening their cooperation.

The management plans and developments in the EU

In 2008, the EU adopted the Marine Strategy Fra-
mework Directive, which is based on an approach
and methods very similar to those of Norway’s
integrated management plans. Although the direcl
tive is considered not to be relevant for incorporall
tion into the Agreement on the European Ecoll
nomic Area (EEA), Norway shares its overall
objectives. Moreover, implementation of the direcl]
tive and its goals on good environmental status
will be in Norway’s direct interest, since it applies
to marine regions that are shared between Norll
way and the EU. The directive is the environmenl(
tal pillar of the EU’s integrated maritime policy.
The objective is for good environmental status to
be achieved in the EU’s marine waters by 2020.
Each member state is required to develop a
marine strategy to this end, which must include a
programme of measures, to be established by
2015, describing what the country will do to mainll
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tain good environmental status or achieve this by
2020. After this, the marine strategies, including
the programmes of measures, are to be reviewed
every six years, starting in 2018.

Norway and the other EEA EFTA countries
consider the directive not to be EEA-relevant
because its geographical scope extends beyond
that of the EEA Agreement. The EU was formally
notified of this conclusion in autumn 2013, and the
matter has been under consideration by the EU
since then.

The European Commission has invited Norl]
way to take part in the working groups that have
been appointed to support implementation of the
directive. The directive also specifies that member
states should coordinate their strategies with each
other and with third countries that share the same
marine region. They should as far as possible use
the mechanisms and structures of the regional
sea conventions as a basis for this. In Norway’s
marine areas, the OSPAR Convention is the relell
vant agreement. Through its participation in
OSPAR, Norway can follow developments in the
EU closely and also have an influence on how the
directive is implemented.

The directive establishing a framework for mari-
time spatial planning was adopted in July 2014. It
requires member states to establish maritime spall
tial plans by 31 March 2021. Its objective is to proll
mote the sustainable growth of maritime econoll
mies, the sustainable development of marine
areas and the sustainable use of marine
resources. The maritime spatial plans must iden[
tify the spatial and temporal distribution of exist(l
ing and future activities.

This directive also requires cooperation where
possible with neighbouring countries and third
countries, for example through regional institull
tional structures, and Norway is taking part in
technical cooperation under the directive. The EU
has not identified the directive as a text with EEA
relevance, and Norway has not taken a position on
this.

Norway’s bilateral cooperation with Russia

The main purpose of Norwegian-Russian cooperall
tion on the marine environment is to maintain the
clean, rich environment of the Barents Sea. This
has developed into cooperation with a view to
achieving ecosystem-based management of the
whole Barents Sea. The Barents Sea is considered
to constitute a single large marine ecosystem
extending across the delimitation line between
Norwegian and Russian waters. To ensure sound

management of the Barents Sea, it is therefore
essential to ensure that the management regimes
on both sides of the delimitation line are based on
shared knowledge and the same principles.

Norway and Russia have enjoyed close bilatll
eral cooperation on environmental monitoring for
many years. In the 1960s and 1970s, this started
as fisheries cooperation which also included monill
toring of environmental conditions. It has now
developed into a joint system for monitoring the
marine environment, including annual surveys.
The monitoring programme includes marine
resources, biological and oceanographic paramell
ters and hazardous substances. A unique body of
information on the whole ecosystem is being colll
lected through this system.

One long-term goal has been to develop a conll
cept for a management plan for the Russian part of
the Barents Sea, based on the Norwegian model.
Russia has now decided that the Barents Sea is to
be a pilot area for the development of an intell
grated marine management system for the counl(
try as whole. Norway’s experience of developing
integrated management plans and the results of
the bilateral cooperation on the marine environ(l
ment will be key parts of the process that Russia is
now planning. Continuation of the cooperation is
therefore being given high priority. In 2015, Norl
way and Russia will publish an update of the joint
environmental status report for the Barents Sea
and will use a common platform to present the
knowledge base. During winter 2014 and spring
2015, scientists from a number of research institull
tions in both countries presented a proposal for
indicators to be used as a basis for a joint environl[l
mental monitoring programme in the Barents Sea
in the future.

The Barents Sea is one of the world’s most
productive sea areas. The most important fish
stock here, the Northeast Arctic cod, is also one
of the best managed. The healthy state of the
stock is due to a combination of favourable natural
conditions and very successful and effective coopll
eration on management of the stock by the Joint
Norwegian—Russian  Fisheries = Commission.
Since the mid-1970s, Norway and Russia have
practised joint management of the most important
fish stocks in the Barents Sea: cod, haddock, capell
lin and Greenland halibut, and more recently also
beaked redfish. A joint management strategy and
cooperation on resource control, and in particular
steps to combat IUU fishing, have been of key
importance. At the annual meetings of the Joint
Norwegian—Russian Fisheries Commission, the
parties determine total allowable catches (TACs)
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for each stock and share them between Norway,
Russia and third countries. The proportions of the
TACs allocated to each country have remained
unchanged, and are an important reason for the
stability of the cooperation. The parties also agree
on reciprocal fishing rights in each other’s zones
and exchange quotas for both joint stocks and
national stocks. The TACs jointly determined by
Norway and Russia are based on management
strategies agreed by Norway and Russia and on
recommendations on catch levels from ICES,
which includes both Norwegian and Russian scill
entists. The TACs are based on a precautionary
approach, and the objective is to ensure a high
long-term yield. In addition, the parties agree on
various technical measures on for instance mesh
sizes, minimum sizes, the use of sorting grids in
trawl fisheries and criteria for closing areas to
fishing because the intermixture of undersized
fish is too great. The parties are also engaged in
well-developed marine research cooperation,
which dates back to the early 1950s. The results of
this research form the basis for the management
decisions made each year by the Joint Norwegian-
Russian Fisheries Commission, and are therefore
of crucial importance for the management of the
joint fish stocks in the Barents Sea.

In 1994, Norway and Russia entered into a
bilateral agreement on combating oil spills in the
Barents Sea. The agreement has been implell
mented in the form of a joint contingency plan and
annual joint exercises, the most recent of which
took place in the outer Varangerfjord, in the borll
der area between Norway and Russia, in June
2014.

International research cooperation on the marine
environment and the Arctic

The changes that are taking place in the Arctic
mean that new knowledge is needed, particularly
about climate and the environment. This involves
complex issues and research needs, and we know
that research in the polar areas is highly resource-
intensive. Through international cooperation proll
jects, we can bring together enough expertise and
resources to generate knowledge on a scale that is
not otherwise possible, for example to describe
climate processes.

There are some international research pro-
grammes and projects under way in the Arctic at
present, for example ASOF (an international pro-
gramme on the oceanography of the Arctic and
subarctic seas and their role in climate) and the
EU-funded project ICE-ARC (Ice, Climate, Ecoll

nomics — Arctic Research on Change). In the latll
ter, scientists from 11 countries are to look into
the current and future changes in Arctic sea ice
and the economic and social consequences of
these changes in the area. There are currently no
major international research programmes on Arcll
tic Ocean ecosystems, but the five coastal states
are developing several research programmes on
topics including living marine resources and ICES
has established a new group called Working
Group on the Integrated Assessments of the Barll
ents Sea.

priorities in Arctic research, sharing of data,
simplification of the movement of samples across
borders, research logistics and funding of possill
ble projects and research in the Arctic.

The Arctic Council’s Task Force for Enhancll
ing Scientific Cooperation in the Arctic (SCTF) is
working towards a new agreement between the
Arctic states to strengthen and promote research
cooperation in the Arctic. Various difficulties
related to research cooperation in the region have
been identified, including restrictions on access to
some areas, barriers to moving personnel, equipll
ment and samples across national borders and
inadequate coordination, data acquisition and
exchange information. The aim is to establish siml
plified procedures that will allow closer cooperall
tion. The task force will ask for an extension of its
mandate at the 2015 Ministerial Meeting of the
Arctic Council so that it can initiate formal negotill
ations on a legally-binding agreement.

Over the years, various forms of collaboration
have been established, and these were strengthll
ened during the International Polar Year (IPY).
Some of them are being continued, for example
through the Norwegian Polar Institute’s project
Norwegian Young Sea ICE Cruise (N-ICE2015).
The project involves close cooperation on climate
research with institutions in Europe (Germany,
France, Finland, the UK) and North America (US,
Canada). All these countries and Russia are also
important partners in ecosystem research.

The major international research programmes
that operate at pan-Arctic level need to be
strengthened. There are opportunities for funding
through the EU Framework Programme for
Research and Innovation, Horizon 2020, since the
programme is also open to the US and Canada.
One of the seven societal challenges to be
addressed by Horizon 2020 is entitled ‘Food Secull
rity, Sustainable Agriculture and Forestry,
Marine, Maritime and Inland Water Research and
the Bioeconomy’. Another is ‘Climate Action,
Environment, Resource Efficiency and Raw Matell



12 Meld. St. 20 (2014-2015) Report to the Storting (white paper)

2014-2015

Update of the integrated management plan for the Barents Sea—Lofoten area including an update of the delimitation
of the marginal ice zone

rials’. The Joint Programming approach makes it
possible to pool national research efforts, and
involves agreement between European countries
on joint planning, implementation and evaluation
of research programmes in key areas. The Joint
Programming Initiatives JPI-Climate and JPI-
Oceans are particularly useful networks for establl
lishing close research cooperation.

There are leading climate and environmental
and marine research groups in Norway. The Norll
wegian institutions that are most heavily involved
in international research cooperation in the High
North and the Arctic are the Norwegian Polar
Institute, UiT the Arctic University of Norway, the
Institute of Marine Research, the University Cenll
tre in Svalbard (UNIS), the University of Bergen/
Bjerknes Centre for Climate Research, the Norll
wegian University of Science and Technology
(NTNU), the Nansen Environmental and Remote
Sensing Center (NERSC), the University of Oslo,
the Northern Research Institute (Norut) and the
CICERO Center for International Climate and
Environmental Research. The Fram Centre in
Tromse plays a key role in Norwegian climate and
environmental research in the Arctic.

In collaboration with the research institutes,
the Research Council of Norway has identified the

following scientific priorities for Norwegian Arctic

research:

— climate research — understanding of the coull
pled ocean-ice-atmosphere system;

— climate change and ecosystem impacts;

— ocean acidification;

— impacts of hazardous substances;

— shortlived climate forcers (black carbon,
methane).

When the new Norwegian ice-class research vesll
sel is put into normal operation in 2018, this will
be the start of a new era for Norwegian polar
research. The new vessel will provide Norwegian
scientists with a state-of-the-art research platform
and offer new opportunities for building up knowlll
edge about the northern Barents Sea and the Arcll
tic Ocean. It will be equipped for all research discill
plines within biology, climate, oceanography and
geology.

A major international project including Norwell
gian participants is under preparation, in which
the Alfred Wegener Institute’s research vessel
Polarstern will be frozen into the ice in the central
Arctic Ocean and then drift with the ice for a
whole year.
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2 Environmental status and particularly valuable and
vulnerable areas

As mentioned earlier, the present update of the
management plan focuses on updating the bound(
aries of the ice margin and providing an up-to-date
description of the northern part of the managell
ment plan area, particularly in view of the rapid
changes that are taking place as the sea temperall
ture rises and the extent of the sea ice shrinks.
Arctic temperatures have risen rapidly and there
has been a marked reduction in sea ice cover in
recent years. These trends are apparent throughll
out the region, and according to the Intergovern(
mental Panel on Climate Change (IPCC), it is very
likely that they are a result of anthropogenic clil
mate change. Some of the most rapid changes in
the Arctic are being observed in the Barents Sea
area. This chapter describes the observed
changes and their implications for the Barents Sea
ecosystem, and to some extent also the expected
future trends as regards climate and sea ice.

Two advisory groups with participants from
relevant public authorities and research institull
tions have been established to develop the scienll
tific basis for the marine management plans.
These are the Forum for Integrated Marine Manll
agement, chaired by the Norwegian Environment
Agency, and the Advisory Group on Monitoring,
chaired by the Institute of Marine Research. In
2014, the Advisory Group presented an assessll
ment of the state of the Barents Sea—Lofoten ecoll
system, focusing on changes. The descriptions in
this chapter are largely based on their report. The
main elements of the scientific basis for this
update of the management plan are the updated
scientific information in the Advisory Group’s
assessment report, together with the updated calll
culations from the Norwegian Polar Institute of
the delimitation of the marginal ice zone as a parll
ticularly valuable and vulnerable area, and reports
on oil spill preparedness and response and shipll
ping in Arctic waters. The Forum for Integrated
Marine Management will coordinate the preparall
tion of the scientific basis for the 2020 revision of
the management plan.

2.1 Environmental status

The inflow of warm Atlantic water to the Barents
Sea ensures that the Norwegian coast and large
parts of the Barents Sea are icefree all year
round. Where the Atlantic water meets colder Arcll
tic water, an oceanographic front is formed, called
the polar front. Other frontal zones are found
along the edge of the continental shelf and in the
marginal ice zone. During the winter, the marginal
ice zone more or less overlaps the polar front.
Frontal zones are highly productive, supporting
rich blooms of planktonic algae that are grazed by
zooplankton and in turn provide food supplies for
fish, seabirds and marine mammals. The Barents
Sea is a relatively shallow sea (average depth 230
m) with large very shallow bank areas, so that the
whole area is very productive. Biological producl
tion in the Barents Sea forms the basis for the
large fish stocks that support Norway’s fishing
industry. Herring, capelin, cod and haddock use
the area throughout their lives or for part of their
life cycle, and all of these species migrate towards
the Norwegian coast to spawn. The most concenll
trated spawning grounds are near the Lofoten and
Vesteralen Islands. From here, eggs and larvae
drift northwards along the coast and into the Barll
ents Sea, where the juvenile fish grow and mature.
Because of its high productivity, the Barents Sea
supports some of the largest concentrations of
seabirds in the world. In addition, the northern
part of the Barents Sea is an important habitat for
a number of marine mammal and seabird species
that are not found in areas without ice cover; sevll
eral of these are of national and international
importance.

One characteristic of the Barents Sea is that
physical factors such as temperature and ice conll
ditions vary widely between seasons and from
year to year, and this has significant effects on the
ecosystem. However, there are also some clear
trends in environmental conditions, especially as
regards temperature and sea ice. Throughout the
Arctic, temperatures have been rising twice to
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Boks 2.1 Explanation of
ice-related terms

Various terms are used in this white paper to
describe the marginal ice zone and ice-covll
ered waters:

—  Sea ice is a general term for ice on the sur(l
face of the sea which has originated from
the freezing of sea water.

— Drift ice is sea ice that moves with currents
and wind. Sometimes, sea ice forms in
fjords, inlets and between islands near the
coast, and remains attached. This is known
as fast ice.

— The marginal ice zone is the transitional
zone between concentrated drift ice and
open sea. It may vary in breadth from a few
hundred metres to tens of kilometres.

— The marginal ice zone also refers to a parll
ticularly valuable and vulnerable area as
defined in the Barents Sea-Lofoten manl
agement plan. A further explanation of how
this area is delimited is given in Box 2.5.

three times as fast as the global average, and the
extent of the sea ice has declined markedly in
recent decades. Climate models indicate that the
warming trend will continue in the Norwegian
Arctic. In the longer term, trends in temperature
and ice conditions will depend on whether the
world is successful in reducing global greenhouse
gas emissions. The trend towards higher temperall
tures and less ice cover in the Arctic also involves
positive feedback mechanisms; less snow and ice
cover means less incoming sunlight is reflected,
and more open water means more solar irradiall
tion is absorbed. Further reductions in sea ice
extent in the Barents Sea may have serious consell
quences for ice-dependent species, which will lose
much of their habitat and be displaced further
north and east. In addition, Higher sea temperall
tures are expected to result in a northward shift of
more southerly species, and this will also have
consequences for the Barents Sea ecosystem.

2.1.1 Rising temperatures and shrinking ice

cover

In recent decades, both air and sea temperatures
in the Barents Sea area have been rising sharply.
One reason for this has been an increase in heat
transfer to the Barents Sea with the inflow of rela-

Figure 2.1
in summer.

Aerial photo of the marginal ice zone

Photo: Haakon Hop, Norwegian Polar Institute.

tively warm Atlantic water. Measurements in the
southern Barents Sea, where the inflow of Atlantic
water take place, show that the sea temperature
rose by around 1.5 °C from 1977 to 2013.

The sea ice extent in the Barents Sea varies a
great deal between seasons, usually reaching a
maximum in April! and a minimum in September
(see Figures 2.11 and 2.12). Since 1979, there has
been a negative trend in sea ice extent in both
April and September (see Figures 2.19 and 2.20).
The strongest decline in sea ice extent has been in
April. At the same time, the thickness of the Arctic
sea ice is also changing, from thick multi-year ice
to thin first-year ice. This is having major impacts
on ecosystems.

1 The timing of maximum sea ice extent varies depending on

the area included. For the Arctic as a whole, March is the
month when sea ice extent reaches a maximum, while in
the Barents Sea and Fram Strait, the maximum is reached
at the end of March/early April, with wide interannual varill
ations.
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2.1.2
Climate change

Impacts on the ecosystem

As the temperature has risen and more of the sea
surface has become ice-free, the Barents Sea ecoll
system has changed. Some species are benefiting
from these changes, while others are being negall
tively affected.

The state of the environment in the Barents
Sea is still generally good, but pressures and
impacts on species and ecosystems related to clil
mate change are becoming more marked. Climate
change is expected to have the most serious negall
tive impacts on species and ecosystems in the
northern, Arctic part of the management plan
area, including the waters around Svalbard. In
these areas, climate change is the greatest threat
to biodiversity. Species that are dependent on the
sea ice have only limited opportunities to move
further north to find suitable habitat as the sea ice
melts and ice-covered areas shrink. This is
because the sea ice is retreating from the shallow
coastal waters and continental shelf around Svalll
bard to the deeper and less productive Arctic
Ocean, which cannot support anything like the
same level of biological production and biodiver[]
sity.

The impacts of climate change are already
becoming apparent in the waters around Svalbard
and in the northern Barents sea. Along the west
coast of Svalbard, Arctic water has been displaced
by temperate Atlantic water which supports a
plankton assemblage with a different species coml(l
position. This has resulted in major changes in the
marine ecosystem, and species such as capelin,
herring, cod, salmon and mackerel are now perill
odically to be found in the fjords in this area.
There are also clear signs of a northerly and
northeasterly shift in the distribution of fish and
whales in the Barents Sea. So far, the most strikll
ing example of a ‘climate winner’ is the cod; the
population is now at a historically high level, and
cod are being recorded considerably further
north and east than ever before.

Ringed seals have almost ceased to breed
along the west coast of Svalbard because of the
lack of sea ice in whelping areas. Changes in the
species composition of plankton and fish commull
nities are also reducing the availability of food supll
plies for some seabirds and therefore having an
impact on their populations.

Further east in Svalbard and the Barents Sea,
the changes are less marked, but the number of
polar bear dens in the most important denning
areas has dropped sharply, probably because

there is no longer sea ice in these areas in late
autumn, when the pregnant females enter their
dens. Shifts in the distribution of habitats and spell
cies will continue as a result of climate change and
changes in sea ice extent. Key areas of habitat
may become unsuitable for certain species, while
new areas become much more important for spell
cies that have to move to find suitable habitat.
More southerly species will gradually be able to
displace Arctic species, and changes will spread to
other parts of ecosystems. In marine ecosystems,
changes can take place rapidly because there are
few barriers to the spread of species in response
to higher sea temperatures. As the climate continll
ues to warm further, it is to be expected that the
changes will become more far-reaching and
involve more and more species.

Climate change may also amplify the impacts
of other pressures and threat factors. The cold
water of the northern Barents Sea has formed a
natural barrier to the spread of alien species, but
its effect is being weakened by climate change. As
a result, there is a greater risk that alien species
that are introduced will become established and
spread here as well. In the longer term, ocean
acidification is also expected to have major
impacts on marine ecosystems in the Barents Sea.
The greatest impacts are likely to be in the most
northerly waters, partly because CO, is more solll
uble in cold water. Ocean acidification will interact
with climate change in ways that are difficult to
predict, but that may have impacts on plankton
and other key species and thus on the structure
and functioning of marine ecosystems.

Pollution and marine litter

In the most northerly parts of the Barents Sea,
there is little human activity that results in direct
releases of pollutants. The persistent, bioaccumull
lative and toxic substances and radioactive pollull
tion that are registered here have largely been
transported from other regions by winds and
ocean currents, following global circulation patl
terns in the northern hemisphere. They originate
from densely populated and industrial areas fur(l
ther south. There are many sources, including leall
chate from landfills, waste water, waste incinerall
tion, agriculture and industry. Atmospheric trans(l
port is the most rapid route, and substances can
be carried to the Arctic by winds in only hours or
days, whereas transport with ocean currents may
take several years. Pollutants are deposited on
snow and ice or in the sea with rain and snow. The
concentrations of environmentally hazardous subl
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stances that have been measured in sediments
and during monitoring of air pollution in the Barll
ents Sea area are generally low. Nevertheless,
there is cause for concern because evidence of the
spread of new substances whose use is not regull
lated is constantly being found. High levels of perll
sistent, bioaccumulative and toxic substances
have also been found in certain animal groups at
higher trophic levels, such as seabirds and marine
mammals. A wide range of such substances has
been found in seabirds. Little is known about the
interactions between different pollutants, but
because so many different substances have been
found in seabirds, there is concern that they may
have health effects. This is the case even in spell
cies where the concentrations of individual subll
stances do not exceed levels that are known to
have biological effects.

In certain species, such as the glaucous gull
and ivory gull, levels of persistent, bioaccumulall
tive and toxic substances are so high that they
may directly affect reproduction and survival. In
polar bears, levels are high enough to affect the
hormone and immune system and reproductive
capacity of individual bears. The effects at populall
tion level are uncertain. Levels of the internationl]
ally regulated persistent organic pollutants

Figure 2.2 Beach litter in Svalbard.
Photo: Tor Ivan Karlsen, Norwegian Polar Institute.

(POPs), such as PCBs and DDT, are generally
declining in the atmosphere and in some groups
of organisms, whereas levels of substances whose
use is not regulated or has been restricted only
recently (for example organobromine and organoll
phosphorus substances) are stable or rising.
Cyclic siloxanes are a new group of substances of
concern that have been found in the fauna in Svalll
bard, but so far little is known about their environl[l
mental impacts. There is only limited information
about releases of siloxanes from products, but
there is reason to believe that personal care prod[
ucts are the largest source. Cyclic siloxanes have
been found in polar cod, glaucous gulls, kittiwakes
and seals in Svalbard. This indicates that they can
be transported over long distances to areas far
from emission sources. Atmospheric monitoring
has shown that levels of siloxanes in air in Svalll
bard are 100 to 1000 times higher than those of
the ‘classical’ POPs such as PCBs and DDT. The
siloxanes detected in Svalbard have almost cerll
tainly been carried with the wind from sources
further south in Scandinavia and the rest of
Europe.

Levels of most heavy metals (arsenic, cadll
mium, lead and nickel) measured in the atmosl
phere and precipitation in Svalbard have declined
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considerably since the early 1990s. However, merll
cury levels have remained more or less stable
right up to the present. This is cause for concern,
because mercury is an extremely dangerous polll
lutant that can pose a threat to human and animal
health. Mercury is volatile, and is transported by
winds and ocean currents into Arctic ecosystems
and food webs. Alarmingly high levels of mercury
have been found in fish, birds, marine mammals
and polar bears in Arctic areas.

The problem of mercury pollution has a num0
ber of causes. There are both natural and anthroll
pogenic sources. Although mercury releases
caused by human activity have been greatly
reduced in Europe and North America, climate
change will allow the remobilisation of mercury
that has been stored for example in ice and perll
mafrost. Mercury bioaccumulates along food
chains, and species at high trophic levels such as
fish and mammals are therefore particularly liable
to accumulate levels of mercury that can have
health effects.

Levels of hazardous substances, including
radioactive substances, are generally low in the
species used as indicators of seafood safety. The
only exceptions are the content of certain POPs in
cod liver and POPs and mercury in Greenland halll
ibut from certain areas.

Ocean currents transport large quantities of
marine litter, which may sink to the seabed or
remain floating on the surface. Beach litter is regll
istered systematically at two sites on the west
coast of Svalbard. The Governor of Svalbard also
organises beach clean-up campaigns each suml
mer. Marine litter is a threat to animal life, and
both seabirds and marine mammals can be
injured or become entangled in fishing gear and
other litter. In addition, seabirds and other anill
mals ingest litter, either directly or with their prey.
Litter can block the gut, weakening or Kkilling anill
mals. There has been a steep rise in the proporll
tion of fulmars in Svalbard that have plastic debris
in their stomachs. One study found plastic in the
stomachs of 88 % of the 40 fulmars analysed. In
23 % of the birds, the quantity of plastic particles
exceeded the ecological quality objective set by
OSPAR (less than 10 % of birds have more than
0.1 g plastic in the stomach). Microplastics, meanll
ing plastic objects or fragments below 5 mm in
size, are found in large quantities in almost all sea
areas across the world. Zooplankton can mistake
these tiny particles for food and ingest them, and
several studies have concluded that microplastics
enter the food chain in this way. A great deal of

research is now being done on the effects of
microplastic pollution on people and animals.

Ocean acidification

Ocean acidification occurs when the quantity of
atmospheric CO,, dissolved in sea water increases.
CO, reacts with water to form carbonic acid, mak[l
ing the seawater more acidic (lowering the pH).
Higher levels of COy and lower pH in the ocean
will also mean that calcium carbonate dissolves
more readily in seawater, with particularly severe
impacts on living organisms that build calcium
carbonate shells and skeletons. Calcifying phytoll
and zooplankton species, corals and molluscs are
among the organisms expected to be adversely
affected. Regular monitoring of ocean acidification
in the Barents Sea along a transect from the mainll
land to Svalbard was started in 2010, and the
northeastern Barents Sea was included from
2013. Ocean acidification has not been part of the
indicator set for monitoring of the Barents Sea
until now, but will be included in the course of
2015. Given the wide natural variability of pH and
the short time series, it is difficult to quantify a
long-term trend in acidification. However, a coml(l
parison of recent and historical data from the
Lofoten Basin shows that pH dropped by 0.07
units from 1981 to 2009. In future, ocean acidificall
tion may have far-reaching impacts on marine ecoll
systems. CO, is most readily soluble in cold water.
Acidification is therefore expected to be most
rapid in the Arctic waters north of the polar front.

2.1.3 Specific ecosystem components
Phyto- and zooplankton

The species groups of phytoplankton that are
most abundant in the Barents Sea vary between
seasons and between years. There is typically an
intense phytoplankton bloom in spring to summer
when biomass increases dramatically, particularly
in the marginal ice zone and near the coast. Proll
duction is higher in warmer years with little ice
than in cold years with more widespread ice. After
a period when there were various observations of
more southerly species, no such species were
recorded along the permanent monitoring tranll
sects in the Barents Sea (Fugleya—-Bjerneya and
west of Bjerneya) in the period 2011-13.
Zooplankton biomass appears to have been
fairly stable over the past 10 years, but the relall
tively small quantitative variations nevertheless
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Figure 2.3 Microscopic algae in the marginal ice
zone. Common phytoplankton species in a spring
bloom.

Photo: Cecilie von Quillfeldt, Norwegian Polar Institute

reflect changes marked enough to have a considll
erable impact on species that graze on zooplankll
ton. After a gradual decline over the three years
2007, 2008 and 2009, there was a clear rise in the
quantity of zooplankton in 2010. Since then, bioll
mass has been more variable. In 2013, zooplank[]
ton biomass appears to have been lower than
before, although there was little change in spatial
distribution from the preceding years. The total
quantity of zooplankton was in fact lower than in
any year since 1992. Numbers of the copepod
Calanus finmarchicus have been relatively stable,
while numbers of the larger Arctic species
Calanus hyperboreus and Calanus glacialis have
declined. However, the variability is within normal
limits. The quantity of krill was above the longll
term mean in 2013. The quantity of zooplankton is
of key importance in marine ecosystems, among
other things for trends in the major pelagic fish
stocks.

The seabed and benthic fauna

Benthic animals of a variety of species groups live
in, on or just above the seabed, and may be motile
or sessile. Benthic animals are found in large
numbers north of the marginal ice zone (for
example brittlestars and various types of corals),
on the slopes between the deep water of the Norll
wegian Sea and the bank area Nordkappbanken
(Geodia sponges) and on the bank areas (sea
urchins and sea cucumbers). There is a sharp
boundary (the ‘benthic polar front’), which is
linked to the marginal ice zone, between a more
southerly benthic community in an area including

the Bjerneyrenna channel and a more northerly
one in an area including the deeper water of
Hopendypet. As the ice retreats northwards as a
result of higher sea temperatures, the distribution
of commercial fish species will expand. Observall
tions also show that the distribution of the shrimp
Pandalus borealis is shifting northeastwards.
These changes may influence the distribution of
various types of fisheries activities in the Barents
Sea. Benthic animals are affected by bottom trawll
ing, anchors and chains, invasive alien species
(species that graze on the benthos and compete
for space and prey), climate change and pollution.

One benthic organism that is considered to be
a newcomer in the Barents Sea is the snow crab,
which has been spreading westwards in the Barll
ents Sea from further northeast. It is still uncerll
tain whether it was originally introduced by
human activity or whether we are witnessing a
natural expansion of its range from the Bering Sea
and the coast of eastern Siberia. Climate change
may have made it possible for the species to
expand its distribution in this way. The largest
numbers of snow crabs ever registered in Norwell
gian waters were recorded in the Norwegian part
of the central Barents Sea in 2013. However, the
main concentration of snow crabs in the Barents
Sea is still further east, in Russia’s economic zone.
Russian scientists estimate that in 2013, the snow
crab population was about 10 times the size of the
red king crab population. It seems likely that the
snow crab will end up with a more northerly distrill
bution than the red king crab, and it will probably
be possible for snow crabs to become established
in the waters around Svalbard. Both the snow
crab and the red king crab are occupying a niche
in the Barents Sea ecosystem where there are few
competing species, but they have a considerable
impact on their prey species. Moreover, native
species such as the northern stone crab (Lithodes
maja), hermit crabs and Hyas species are found in
relatively small numbers, although there may be
considerable concentrations locally. The rising
numbers of snow crabs may have substantial
impacts on the benthic ecosystem in the Barents
Sea, and the species is expected to play an imporll
tant role in this ecosystem in future.

In 2015, the MAREANO programme is to start
mapping a long transect of the seabed from the
Bjerneyrenna channel to the island of Hopen. In
time, the results will give us a better picture of varll
iations in biodiversity and biological production in
the Barents Sea, including variations across the
marginal ice zone.
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Figure 2.4 Snow crab. The first specimen found near Svalbard.

Photo: Jan Sundet, Institute of Marine Research.

Fish stocks

One of the species that has benefited from rising
sea temperatures is the cod. The spawning stock
of Northeast Arctic cod has been rising since 2001
and is now at a historically high level. In 2012, cod
were recorded further north than ever before, at
82° 30N in shallow water north of Franz Josef
Land. During the Norwegian-Russian ecosystem
survey in autumn 2013, cod specimens were also
found further east than ever before, in the northl
ern Kara Sea. Another important fish species in
the Barents Sea is the haddock, which is also now
present in large numbers and has expanded eastll
wards and northwards. The rising sea temperall
ture and availability of more food has made it posll
sible for both cod and haddock to expand into prell
viously cold and less productive areas. The capell
lin and shrimp stocks — both of these are impor(l
tant prey species for cod - are in good condition.
Polar cod numbers have been relatively low in
recent years, but the stock estimate is very uncer(l
tain. This is a key species in the Barents Sea ecoll
system, particularly in the marginal ice zone.
Mackerel have also been expanding their range
northwards in the last few years, and have been
registered as far north as Svalbard.

Monitoring shows that most fish stocks are in
good condition, but the stocks of golden redfish
and Greenland halibut are at low levels. The
directed fishery for golden redfish has been
stopped. There have been restrictions on fishing
for Greenland halibut for the past 20 years, and
there are indications that the stock is increasing.
However, stock estimates for the species are
uncertain, and have mainly been used as an indill
cation of trends. Work on the methodology is conll
tinuing so that better stock estimates can be
obtained for Greenland halibut.

Marine mammals

Both the declining extent of the sea ice and the
delay in ice formation on the fjords around Svalll
bard until later in the season have had negative
impacts on ice-dependent marine mammals. The
has affected ringed seals particularly severely,
and pup mortality has risen as a result of poor
breeding conditions. A declining ringed seal popull
lation affects polar bears in turn, since ringed
seals are their most important prey. The effects
are most marked in Svalbard’s fjords, where ice
conditions have been so poor since 2005/2006
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Box 2.2 Polar cod as a key species

Figure 2.5 Polar cod.

Photo: Peter Leopold, Norwegian Polar Institute.

Many Arctic food chains are short and simple,
with few species and links between them, but
large populations of the species that are present.
Certain animals are regarded as key species;
they play a central role in the ecosystem, and
are prey for a variety of other species. The polar
cod is one such species, and is very important

for energy transfer through the marine ecosysll
tem. It is the main prey species for fish-eating
seabirds in the Arctic and an important part of
the diet of seals and whales. The cod stock in
the Barents Sea feeds on polar cod as well as
capelin.

that there has been widespread reproductive failll
ure.

Female polar bears dig maternity dens in late
autumn, in banks of snow on land. Monitoring of
denning areas on Hopen and Kongseya islands
shows clearly that few females appear in these
areas in autumn if the sea ice forms late. The numl(l
ber of days of sea ice cover round all the five most
important denning areas has shown a dramatic
decline over time since 1979. Data from the
annual mark-recapture studies indicate a gradual
decline in cub production, but it is uncertain
whether this reflects a population-wide trend, or is
only happening more locally in the areas covered

by the studies. In 2004, the Svalbard-Barents Sea
population of polar bears was estimated at
between 1900 and 3600 animals. A new survey is
to be carried out in 2015.

Since 2005, harp seal pup production has
dropped by about 50 % compared with the level in
the period 1998-2003.

The main distribution area of baleen whales
has shifted further north in recent years, to the
northerly shallow waters east of the island of Norll
daustlandet and northeast of the Svalbard archill
pelago. White-beaked dolphins are now being
observed far north of the polar front.
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Seabird populations

The Barents Sea populations of a number of seall
birds constitute a substantial proportion of the
European populations, and the total breeding popll
ulation of seabirds in the Barents Sea is estimated
at about 12 million. If non-breeding birds (includl
ing juveniles) that use the sea area during suml
mer are included, the number rises to about 20
million. Because the Barents Sea is shallow and
highly productive, the distribution of seabirds is
not as strongly linked to proximity to the coast as
it is in the Norwegian Sea, and large concentrall
tions of seabirds, for example Briinnich’s guillell
mots, are also found in the open sea.

The distribution of seabirds in the Barents Sea
is governed mainly by climatic, oceanographic
and biological conditions, with a particularly
marked gradient from southwest to northeast,
from warm, saline Atlantic water in the southwest
to cold, less saline Arctic water in the north and
east. The polar front is an important feeding area
for seabirds, and the distribution patterns of the
different seabird species reflect the distribution of
the water masses and the location of the polar
front. There is a particularly striking difference
between the species mix along the Norwegian
mainland coast and in the Svalbard area. There
are more species, both breeding and wintering,
along the mainland coast than further north. Spell
cies such as shag, cormorant and gannet were
previously found only along the mainland coast
(the first gannets bred on Bjerneya in 2011),
whereas glaucous gulls, ivory gulls and little auks
only breed on the islands in the northern Barents
Sea. The high biological production in the marll
ginal ice zone is important for seabirds at certain
times of year, for example just before the breeding
season, when species such as Briinnich’s guille-

Figure 2.6  Bruinnich’s guillemots.

Photo: Sebastian Gerland, Norwegian Polar Institute.

mot feed there. Other species such as little auk,
black guillemot, fulmar and ivory gull also use the
marginal ice zone.

Seabirds are considered to be good indicators
of change in marine ecosystems. They are easily
visible elements in an environment where most
animals and plants live below the water surface,
they are generally easy to count, and they concenll
trate in large colonies during the breeding season
and often in large numbers in productive marine
‘hotspots’ outside the breeding season. Monitor(l
ing seabird populations provides a basis for manll
aging them, and also gives an indication of the
availability of food supplies (biomass of prey) in
the waters around breeding colonies. Some spell
cies have shown a much more dramatic populall
tion decline than others; numbers of Briinnich’s
guillemots on Bjerneya and in other parts of the
Svalbard archipelago have dropped by 25-50 %
since the mid-1990s, whereas kittiwake numbers
on Bjerneya and Spitsbergen have remained stall
ble or shown a positive trend in recent years. Regll
ular counts of seabirds as part of the environmenl(l
tal monitoring programme for Svalbard and Jan
Mayen (MOS]J) and the mapping and monitoring
programme for seabirds, SEAPOP, are carried out
along the west coast of Svalbard and on Bjerneya.
There is only limited information on seabirds
from the islands of Ost-Spitsbergen and Nordaust(l
landet, apart from general information on the
breeding colonies. It is not possible to give any
specific information on the most northerly areas
because of a lack of up-to-date figures.

Almost all seabird populations are showing
some degree of decline, both over the last ten
years and for the entire period over which monill
toring has been carried out.

Threatened species

The Norwegian Biodiversity Information Centre
has been responsible for publishing the Norwell
gian Red List for species since 2006. The number
of species classified as threatened in the Barents
Sea-Lofoten area rose between 2006 and 2010.
The most important pressures on species and
habitats are harvesting, habitat degradation and
pollution. In addition, climate change is an imporll
tant pressure on a number of red-listed species,
particularly in the northern parts of the Barents
Sea. A new edition of the Red List for species will
be published in 2015, and this will show whether
the status of the species assessed has changed.
The first Red List for ecosystems and habitat
types was published in 2011. The red-listed habitat
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The ivory gull is one of Norway’s most ice-
dependent species. It is a high-Arctic species,
breeding for example in eastern Spitsbergen
and Nordaustlandet. There are known to be
almost 80 colonies in Svalbard, but not all of
them are used every year. Ivory gulls feed on
fish and crustaceans in the marginal ice zone,
and also on carrion left by polar bears and Arctic
foxes. Because of its preferred habitat and diet,
the ivory gull is considered to be a good indicall
tor of the impact of declining sea ice extent and
changes in sea ice distribution in the Arctic. Its
population has shown a severe decline in Canll
ada and southern Greenland, probably because
of sea ice changes combined with high levels of
contaminants.

The ivory gull is one of the species included
in the MOSJ and SEAPOP monitoring pro-
grammes. Recent observations support the
hypothesis that the species is declining in the
Barents Sea area. As the distances between
breeding sites and suitable foraging areas
increase, the effects on ivory gulls are expected

Box 2.3 Ivory gull

to include poorer condition and lower breeding
success, and that the birds are forced to use less
optimal foraging areas and prey. Satellite telemell
try studies of Norwegian (Svalbard) and Rusl
sian ivory gulls indicate that the marginal ice
zone is a very important foraging area through-
out the daylight months of the year, and espell
cially in spring and autumn.

Figure 2.7

Ivory gull.

Photo: Bjern Frantzen, Norwegian Polar Institute.

types include three that are found in the deep-
water areas of the Barents Sea: coral reefs (vulner(l
able, VU), coral gardens (near-threatened, NT)
and Radicipes coral gardens (vulnerable, VU). Varll
ious other species, species groups and habitat
types have also been assessed for the two red
lists, but a lack of information makes it difficult to
decide which red list category is appropriate. For
example, cold seeps and 42 species of sponges
and anthozoans have been placed in the category
data deficient (DD). A new classification system
for ecosystems and habitat types in Norway has
been devised, but it does not include Arctic
marine ecosystems associated with sea ice or Arcll
tic coastal waters as separate habitat types. They
were therefore not assessed for the Red List of
ecosystems and habitat types. However, on the
basis of currently available information it seems
clear that ecosystems associated with Arctic sea
ice are threatened by climate change in the Norll
wegian part of the Arctic. The classification sysl
tem for ecosystems and habitat types is being
revised, and habitat types associated with sea ice
are being considered in this connection.

Alien species

Alien species are species or other taxa occurring
outside their natural range (past or present) and
dispersal potential through human agency
(adapted from the IUCN definition). In global
terms, the spread of invasive alien species is
regarded as one of the most serious threats to bioll
diversity. In marine ecosystems, shipping is conll
sidered to be one of the main causes of the spread
of alien species (through discharges of ballast
water and hull fouling). Alien species can alter the
natural species composition in an area and thus
the local ecosystem. In the Barents Sea, alien spell
cies are still mainly found in waters along the
mainland coast of Norway rather than in the open
sea. The red king crab is the only alien species
that is monitored annually in the Norwegian part
of the Barents Sea. New estimates show a general
population decline since 2004.

The cold, Arctic water of the northern Barents
Sea forms a natural barrier to the spread of alien
species from further south. However, its effect is
being weakened by climate change and rising sea
temperatures. As a result, there is a greater risk
that any alien species that are introduced will
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become established and spread in these waters as
well. At present, we do not know of any alien spell
cies that have been introduced with shipping and
have become established in the northern part of
the Barents Sea. Only a limited number of alien
species have been reported in the Arctic. Of
these, the wrack Fucus evanescens, the blunt gaper
Mya truncata, the gooseneck barnacle Lepas anall
tifera and the ascidian Molgula manhattensis have
been registered around Svalbard.

2.1.4 Overall evaluation

The state of the environment in the Barents Sea—
Lofoten area is generally good, but the shrinking
extent of the sea ice, the decline in seabird populall
tions and the appearance of new species in the
benthic fauna are all cause for concern. The
declining extent of the sea ice and the fact that the
fijords around Svalbard do not freeze until later in
the season has had negative impacts on ice-
dependent marine mammals. The problems have
been particularly severe for the ringed seal, and
pup mortality has risen as a result of poor breedl
ing conditions. A drop in the number of ringed
seals affects food supplies for polar bears. The
reduction in sea ice extent in the Barents Sea also
means that it is further from the whelping areas
for harp seals in the White Sea to important feedl
ing areas in the marginal ice zone. This may be a
contributory factor in the substantial decline in
pup production in the Barents Sea stock of harp
seal in recent years.

Variations in plankton biomass have remained
within the range found in historical data, although
the large Arctic copepod species are showing a
northward shift in their distribution. The same is
true of the shrimp Pandalus borealis. The cod
stock is at a historically high level, the capelin
stock is stable and healthy, and the haddock stock
is also satisfactory. There are clear signs of a
northerly and northeasterly shift in the distribull
tion of fish and whales in the Barents Sea. It is
uncertain how far into the Arctic Ocean this shift
will continue for demersal fish species such as cod
and haddock. Together with the declining extent
of the sea ice, shifts in the main distribution areas
for plankton, fish and marine mammals may alter
living conditions for the benthic fauna and seall
birds as well.

Concentrations of environmentally hazardous
substances in the Barents Sea area are generally
low, with the exception of the levels of some subll
stances measured certain fish species and top
predators. In some top predators, for example

polar bears, levels of persistent, bioaccumulative
and toxic substances are high enough to have
negative effects on health. A wide range of such
substances has been found in seabirds. Little is
known about the interactions between different
contaminants, but because so many different subll
stances have been found in seabirds, there is conll
cern about possible negative effects. This is the
case even in species where the concentrations of
individual substances do not exceed levels that
are known to have biological effects. Levels of
hazardous substances, including radioactive subll
stances, are generally low in the species used as
indicators of seafood safety, with the exception of
Greenland halibut. Climate change may influence
the transport and release of hazardous substances
and how they accumulate in fish and other anill
mals.

Harvesting, habitat degradation, climate
change and pollution are currently the most
important pressures on species and habitat types
in the Barents Sea—Lofoten area as a whole. In the
northern part of the Barents Sea, climate change
as a result of rising global greenhouse gas emisl(l
sions is the predominant cause of changes that
are influencing species and ecosystems. These
changes are expected to continue and become
more marked, and more severe negative impacts
can be expected, particularly for species and ecoll
systems in the northern parts of the Barents Sea.
In future, ocean acidification is also expected to
have far-reaching impacts on marine ecosystems.

In 2011, the following conclusions were drawn
as regards cumulative environmental effects on
marine ecosystems in the Barents Sea—Lofoten
area as a whole:

‘Given normal circumstances and the current
level of activity, harvesting is expected to have
the greatest impact on fish stocks of all the
activities in the management plan area, while
maritime transport and oil and gas activities
are expected to have little impact. However,
activity in these sectors is growing and may
result in increasing pressure.

In the years ahead, the cumulative effects
of climate change, ocean acidification and long-
range transport of pollutants will probably
increase and have more serious implications
than the impacts of different human activities
in the Barents Sea—Lofoten area. Because of
uncertainties and poor documentation of sevll
eral factors, it is not possible to draw definite
conclusions on the cumulative effects on the
ecosystem of all human activities combined.
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However, a combination of several significant
environmental pressures in the same area at
the same time increases the risk of negative
impacts. For example, a permanent change in
sea temperature and pH could result in change
on such a scale that the ecosystem reaches a
tipping point and there is an irreversible
regime shift. This means that there are major,
permanent changes in the structure, functionll
ing and productivity of the ecosystem. The conll
sequences of such changes are difficult to prell
dict, but may be far-reaching.’

Since 2011, seawater temperatures have remained
high, and this is the most important factor driving
environmental change in the Barents Sea, particull
larly in the more northerly areas. This update of
the management plan does not include a new
overall assessment of the impacts of activities in
various sectors or the cumulative environmental
effects on the ecosystems of the Barents Sea. The
scientific work in the period up to the revision of
the management plan in 2020 will include such an
assessment.

In conclusion, the state of the environment in
the Barents Sea—Lofoten area is generally good,
but considerable ecosystem change is taking
place in the northern parts of the area as a result
of climate change.

2.2 Particularly valuable and
vulnerable areas

Particularly valuable and vulnerable areas are
those that on the basis of scientific assessments
have been identified as being of great importance
for biodiversity and biological production in the
entire Barents Sea—Lofoten area. Areas may for
example be identified as particularly valuable and
vulnerable because they are important habitats or
spawning grounds for fish, important habitats for
seabirds and marine mammals, or contain coral
reefs. Areas were selected using predefined critell
ria. The main criteria were that the area concerned
was important for biodiversity or for biological proll
duction. In addition, a number of secondary critell
ria were evaluated, for example economic, social
and cultural importance, and scientific value.

The vulnerability of the species and habitat
types in the areas identified has been assessed
with respect to fisheries, shipping and petroleum
activities, and in addition to climate change and
pollution. The vulnerability of an area is considll
ered to be an intrinsic property of the species and

habitats to be found there, regardless of whether
or not specific environmental pressures are actull
ally acting on them.

A number of particularly valuable and vulnerall
ble areas were identified in the Barents Sea—
Lofoten area. In the northern part of the Barents
Sea, these are the marginal ice zone, the polar
front and the sea areas surrounding Svalbard (see
Figure 2.8).

The particularly valuable and vulnerable areas,
which contain especially valuable environmental
components, were mapped and delimited during
work on the management plans. The designation
of areas as particularly valuable and vulnerable
does not have any direct effect in the form of
restrictions on commercial activities, but indicates
that these are areas where it is important to show
special caution. They have been used as a basis
for setting an overall framework for activities. To
protect particularly valuable species and habitats,
it is for example possible to use current legislation
to make activities in such areas subject to special
requirements. Such requirements may apply to
the whole of a particularly valuable and vulnerable
area or part of it, and must be considered on a
case-by-case basis for specific activities.

2.3 The marginal ice zone

2.3.1 The marginal ice zone as a particularly

valuable and vulnerable area

The marginal ice zone is not in practice a sharp
boundary between the open sea and concentrated
drift ice, but a dynamic transitional zone that var(l
ies in width depending on wind and currents. Its
geographical location varies a great deal seasonll
ally; the maximum extent of the sea ice is generll
ally reached in April and the minimum in Septem[
ber. There are also considerable interannual variall
tions in both sea ice extent and the position of the
marginal ice zone.

The earlier versions of the Barents Sea-
Lofoten management plan describe the marginal
ice zone as a particularly valuable and vulnerable
area. In the 2006 and 2011 white papers, this area
was delimited and its variable extent (the area
across which it moves during an annual cycle)
was shown on maps.

For the purpose of the management plan, the
marginal ice zone as a particularly valuable and
vulnerable area has been delimited using statistill
cal methods of expressing satellite observations
of variations in sea ice extent through the year for
a series of years.
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Figure 2.8 Particularly valuable and vulnerable
areas in the Barents Sea—Lofoten management
plan area. The delimitation of the marginal ice
zone has been updated using data on sea ice
extent for the period 1985-2014.

Source: Norwegian Polar Institute.

Since 1979, there has been a clear long-term
negative trend in sea ice extent at all times of year
(see Figures 2.19 and 2.20). The delimitation of
the marginal ice zone as a particularly valuable
and vulnerable area in the 2006 and 2011 white
papers is based on ice data for the period 1967—-
89. This is no longer representative of current ice
conditions. The Government has therefore
updated the delimitation of the marginal ice zone
as a particularly valuable and vulnerable area
using ice data for the period 1985-2014. The
updated delimitation of the marginal ice zone is
shown on the maps in Figures 2.8 and 2.23.

Thus, the expression ‘marginal ice zone’ is
used both to refer to the natural phenomenon and
as the name of the particularly valuable and vull
nerable area. Where there is a risk of confusion,
the latter is referred to as ‘the marginal ice zone
as a particularly valuable and vulnerable area’.

2.3.2 The ecosystem of the marginal ice zone

The marginal ice zone is a transitional zone
between ice-free and ice-covered sea; it is influll
enced by waves and swell and there is enhanced
ice drift and fracturing of the ice. This zone varies
in width from a few hundred metres to several
tens of kilometres. The breadth depends on wind
direction: a northeasterly wind results in a broad,
diffuse marginal ice zone, whereas southerly
winds result in a narrower, more clearly defined
marginal ice zone. There are also differences
between the marginal ice zone during the summer
while the ice is retreating and during the winter as
more of the sea freezes and the extent of the sea
ice increases. The satellite images in Figures 2.9
and 2.10 illustrate the appearance of the marginal
ice zone in April, when the sea ice extent reaches
its maximum.

At all times of year, the marginal ice zone
forms a belt several thousand kilometres long
extending through the Barents Sea, and it
advances and retreats several hundred kilometres
in an annual cycle driven by seasonal variations in
sea and air temperatures. The sea ice reaches its
maximum extent in spring, usually in April. Dur-
ing the summer, the marginal ice zone gradually
moves northwards. By the time the sea ice extent
reaches its annual minimum, normally in Septem[
ber, the Barents Sea is generally more or less ice-
free and the marginal ice zone is located some
way north of Svalbard. There may be wide inter-
annual variations in ice extent. The location of the
marginal ice zone in September can vary by sevll
eral hundred kilometres from one year to another.
Interannual variations in ice extent may also be
large in the winter and spring months, particularly
in the eastern part of the Barents Sea. Figures
2.11 and 2.12 show the actual location of the edge
of the marginal ice zone in the Barents Sea for
each of the last 10 years up to 2014 in April and
September respectively. The figures also show
that the updated delimitation of the marginal ice
zone as a particularly valuable and vulnerable area
encompasses the seasonal variation in sea ice
extent measured in the past ten years.

As the ice melts and retreats northwards durll
ing the spring and summer, this creates light conll
ditions and nutrient availability in the marginal ice
zone that result in a concentrated phytoplankton
bloom. The bloom of ice algae in the lowermost
part of the sea ice can start up to two months
before the phytoplankton bloom, as soon as there
is sufficient light in the spring. This prolongs the
productive season in areas where there is sea ice,
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Figure 2.9 Satellite image of ice cover east of Svalbard on 19 April 2013. The image shows a system of
large and small ice floes with leads and openings between them that extends far into the drift ice from
the fractured outer part of the zone. The fast ice in some of the fjords of Svalbard is also visible. The image
also shows clouds, which can be confused with ice.

Source: MODIS, NASA Worldview.

and a number of grazing species have adapted to
this situation. The longer productive season
together with the importance of the sea ice as a
habitat for many species, whether for foraging,
shelter or reproduction, make the marginal ice
zone a biologically important and valuable area.

From April to September, the productive zone
moves northwards through the Barents Sea and
provides food for plankton, fish, seabirds and
marine mammals. Because the high level of bioll
logical production at any time is generally
restricted to a zone a few tens of kilometres wide,
there may be very high concentrations of grazing
species in the marginal ice zone. A number of the
species and populations found here are of internall
tional and/or national conservation value, are
threatened species, species for which Norway has
a special responsibility (25 % or more of the Euroll
pean population is found in Norway), or are key
species in the Barents Sea ecosystem.

Although biological production is only high in
the marginal ice zone in spring and summer, this
zone and other areas of sea ice are also a very
important habitat for a number of ice-dependent
species throughout the year. Mammals to which
this applies include the ringed seal, bearded seal,
walrus, narwhal and polar bear. Several seabird
species also spend most of the year in or near the
marginal ice zone.

The maximum southerly extent of the sea ice
often coincides with the polar front, but not
always. The polar front is the boundary zone
where warm, saline Atlantic water carried by the
Gulf Stream meets colder, less saline water from
the Arctic Ocean. In parts of the area north of the
polar front, there is relatively little biological proll
duction except for the algal bloom within the mar(l
ginal ice zone as it moves northwards. As a result,
it is variations in the extent of the marginal ice
zone that to a large extent govern both biological
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Figure 2.10 Satellite image of ice cover west of Svalbard on 11 April 2013. The image shows a system of
large and small ice floes with leads and openings between them that extends far into the drift ice from
the fractured outer part of the zone. The fast ice in some of the fjords of Svalbard is also visible. The image

also shows clouds, which can be confused with ice.

Source: MODIS, NASA Worldview.

production and the distribution of ice-dependent
species in the northern parts of the Barents Sea.
Much of the primary production in the marginal
ice zone sinks to the seabed, where it can be used
by benthic animals, another important component
of the ecosystem and part of the diet of seals and
seabirds.

Many of the species that live partly in drift ice
areas are also dependent on breeding areas on
land or on fast ice in the fjords of Svalbard, and on
the food supplies available on the seabed in the
shallow bank areas traversed by the ice. In the
northern part of the Barents Sea and around Svalll
bard, the sea ice and marginal ice zone are on the
surface of shallow waters above the continental
shelf, and much of the area is also near to the
coast. The combination of a productive marginal
ice zone, suitable habitat in and on the sea ice and
along the coast, and shallow waters giving access
to nutrients on the seabed is crucial for the large
numbers of seabirds and marine mammals found

in the area. Thus, the sea ice plays a key role in
maintaining productivity and diversity in the
entire northern Barents Sea ecosystem throughl]
out the year.

2.3.3 Vulnerability

The ecosystem of the marginal ice zone is vulnerall
ble to climate change, hazardous substances and
oil spills. Ecological vulnerability is considered to
be higher across the whole breadth of the mar(l
ginal ice zone from the outer limit of the ice and
including entire area where light can penetrate
through the ice. High concentrations of seabirds
and marine mammals can be found in all parts of
this zone, often near the open sea. Polar bears
congregate particularly deeper into the marginal
ice zone, near the transition to more tightly
packed drift ice and complete ice cover.



28 Meld. St. 20 (2014-2015) Report to the Storting (white paper)

2014-2015

Update of the integrated management plan for the Barents Sea—Lofoten area including an update of the delimitation
of the marginal ice zone

Mean ice extent in April N %
for each of the years 2005-14.

- - Boundaries of management e a
plan areas Ds S 2

Marginal ice zone (as a { NG5y
particularly valuable and N\ 5 ) gfﬁ a@
vulnerable area) o | 1«% i)
Areas where ice persistence in [~ P 2 @ Je,
o g S
April exceeds 30 % y Be 0 S
> 2 &5
Greenland ﬁ}v 907\//(/
oy
INY7 o
\D 4
Lh /

{?\}
N

A /20\’5
‘ - !
Jan Mayen \

/
|
|
h
|

y‘f;j!rg%\%? |

N S . ST :
. S A ; - s e, |
v o Dl s ‘ ow ! on S <
; S 7 ‘\’f‘}'?ﬁk’;}».p\_\ A ' ey F \m;:r%,}ﬂ“\ \
g L ﬂ%ﬁ Norway[  ( ~ 7 y 7 ethR Norway[ .
/ - DI o | o) / - JEA . P
@ s HEE N\ { 250 km { ) o . N AN { 250 km v

- - N
Mean ice extent in September| .\
for each of the years 2005-14. ﬁ

- - Boundaries of management
plan areas 7
Marginal ice zone (as a A1
particularly valuable and
vulnerable area) o
Areas where ice persistence
in April exceeds 30 %

Greenland £

2

P A

== 750 \

h
\ )
h

Figure 2.11 Mean ice extent in the Barents Sea in
April for each of the years 2005-14. The figure
shows the larger interannual variations in sea ice
extent in the Barents Sea in April, particularly in
the east. The hatched area shows the updated
delimitation of the marginal ice zone as a partill
cularly valuable and vulnerable area. The mean ice
extent in April has been within this area in each of
the past ten years. Together with Figure 2.12, this
figure also shows that the delimitation of the marl
ginal ice zone as a particularly valuable and vulnel
rable area encompasses the seasonal variation in
ice extent measured in the past ten years.

Source: Norwegian Polar Institute. Data for monthly mean sea

ice extent taken from the US National Snow and Ice Data Cenl
ter.

Climate change

The ecosystem of the marginal ice zone is highly
vulnerable to climate change, which is the greatest
threat to Arctic species and ecosystems. Climate
change will influence the timing of ice formation
and ice melt. This in turn will affect the timing,
location and intensity of production in the water
column. A reduction in the area of sea ice available
will also have an impact on ice-dependent species,
and thus on production conditions and biodiver(l
sity in areas with a seasonal ice cover. There may
also be ecosystem impacts if the timing of the algal
bloom in the marginal ice zone changes so that it
no longer coincides with the presence of impor(l
tant grazing species, but the consequences are
very uncertain. Moreover, changes in ice condil
tions will have an influence on how much of the
algal production under the ice and in the marginal
ice zone sinks to the seabed, where it provides
nutrition for benthic communities.

Figure 2.12 Mean ice extent in the Barents Sea in
September for each of the years 2005-14. Compal
ring September 2013 and September 2014 shows
how much the summer sea ice extent may vary
from one year to another. Together with Figure
2.11, this figure also shows that the updated delill
mitation of the marginal ice zone as a particularly
valuable and vulnerable area encompasses the
seasonal variation in ice extent in the past ten
years.

Source: Norwegian Polar Institute. Data for monthly mean sea

ice extent taken from the US National Snow and Ice Data Cenl
ter.

The areas covered by sea ice are shrinking
rapidly throughout the Arctic. According to the
IPCC, the average sea ice extent in the Arctic
declined by about 4 % per decade in the period
1979-2012. In summer, the decline has been
about 12 % per decade. According to the IPCC, it
is very likely that anthropogenic climate change
has contributed to Arctic sea ice loss, and that this
loss will continue. The IPCC’s modelling results
indicate that further reductions in sea ice extent in
future will be critically dependent on trends in
global greenhouse gas emissions. Projections
range from a 94 % reduction in summer sea ice
extent towards the end of this century in a scell
nario with high emissions to a 43 % reduction in a
scenario with low emissions. The projected reducll
tions in winter sea ice extent are much smaller,
ranging from 34 % to 8 %. The results using the
high-emission scenario show that the Arctic
Ocean will be almost ice-free in September by
around the middle of this century. As Figure 2.16
shows, the level of uncertainty in these results is
high. In addition to changes in sea ice extent,
changes in the thickness and structure of the ice
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Figure 2.13 The ecosystem in the marginal ice zone during the spring bloom.

Source: Norwegian Polar Institute.

have important implications for production condil
tions and ice-dependent species.

The Barents Sea is one of the parts of the Arcll
tic where the sea ice is retreating most rapidly.
And in contrast to the situation in other parts of
the Arctic, sea ice extent is also declining rapidly
in winter here (see Figure 2.19). Calculations
show that within the parts of the Barents Sea that
have a seasonal ice cover, the ice-free period
(from the date when the ice disappears in spring
and early summer to the date when it re-forms in
autumn and winter) has increased considerably
since 1979. During this period, the date for the
disappearance of the ice in spring has become
progressively earlier, by 17 days per decade. The
date when the ice re-forms has become later, movll
ing back 24 days per decade. These are far greater
changes than in other parts of the Arctic, and

according to the climate models they are expected
to continue. This poses a serious threat to ice-
dependent species such as the polar bear, which
can only survive for limited periods without sea
ice.

Climate change is already having clear
impacts on the ecosystem of the sea ice and marll
ginal ice zone in the Barents Sea. These changes
are further described in Chapter 2.1.2.

In its most recent assessment report, the IPCC
concluded that in the long term, there is a very
high risk of major change in Arctic marine ecosysl
tems. In addition to changing the distribution of
species and habitats that are spatially and tempoll
rally associated with the sea ice and marginal ice
zone, climate change will reduce the area of suitall
ble habitat available to many ice-dependent spell
cies. In the longer term, a number of these may
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In spring and early summer, there is intense pri-
mary production under the ice and in the water
column in the marginal ice zone. As the ice melts
in spring, a stable water surface layer develops
containing high nutrient levels after the winter,
and light penetrates the water, triggering a phyto-
plankton bloom.

Ice algae, which live in or on the ice itself, are
also important primary producers, like the phyto-
plankton in the water column. The ice algae are
adapted to low light levels, and their bloom starts
before that of the phytoplankton. This prolongs
the productive season in the marginal ice zone.

Quantities of grazing zooplankton species rise
in response to the high primary production, and
species that can make use of the abundant food sup-
plies concentrate in the marginal ice zone.

As organisms die, a proportion of the biological
production sinks down through the water column
to the seabed, and provides the basis for rich ben-
thic communities in ice-influenced areas.

The marginal ice zone provides abundant, pre-
dictable food supplies that are of crucial impor-
tance for the total annual energy budget (survival

Box 2.4 Plants and animals in the marginal ice zone

and reproduction) of many Arctic species. It is an
important habitat and foraging area for key spell
cies in the Arctic ecosystem, such as capelin and
polar cod. These two species are important prey
for seabirds and marine mammals, and the mar-
ginal ice zone is therefore also an important stag-
ing area for many migratory birds and mammals,
for example kittiwake, black guillemot, ivory gull,
polar bear, ringed seal, narwhal, beluga and bow-
head whale.

In late summer, 80-90 % of the world populall
tion of ivory gulls congregate in the marginal ice
zone in the northern Barents Sea. Polar bears are
found at higher densities along the outer edge of
the marginal ice zone than further north. The
pelagic seal species whelp on the sea ice in the
marginal ice zone in early spring, closely synchro-
nised with the algal spring bloom.

Several of these species are red-listed in Nor-
way or internationally, and the dense concentrall
tions of many species, sometimes in very small
areas, increase the vulnerability of the marginal
ice zone in periods when production is high.

Figure 2.14 Species found in the marginal ice zone: capelin, glaucous gull, ice algae and the
copepod Calanus glacialis (zooplankton).

Photos: Haakon Hop (capelin, ice algae), Tor Ivan Karlsen (glaucous gull), Allison Bailey (Calanus), Norwegian Polar Institute.
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Projected changes in mean surface air temperature from
1986-2005 to 2081-2100
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Figure 2.15 Projected changesin mean surface air
temperature and sea ice extent towards the end
of this century. The right-hand maps show projell
ctions for a scenario with continued high levels of
greenhouse gas emissions. In this case, the Arctic
Ocean is expected to be more or less ice-free in
September by the middle of this century. The left-
hand maps show projections for a scenario
involving deep, rapid cuts in global greenhouse
gas emissions. In this case, modelling indicates
that there will probably still be sea ice in the Arctic
Ocean in summer towards the end of this century.

Source: IPCC.

disappear from larger and larger areas of the Arcll
tic, and the Barents Sea is one of the areas where
this is expected to happen most rapidly. There will
be less and less suitable habitat for ice-dependent
species in the Barents Sea. Such species only have
limited opportunities to move further north to
find new areas where conditions are suitable. This
is because the sea ice is retreating from the shalll
low coastal waters and continental shelf around
Svalbard to the deeper and less productive Arctic
Ocean, which cannot support anything like the
same level of biological production.

The impacts of long-range transport of pollull
tion, ocean acidification and human activity in the
management plan area are additional to the negall
tive impacts of climate change on many species
and ecosystems. As the impacts of climate change
increase, the cumulative environmental effects on
these species and ecosystems will intensify. Clil
mate change may also make ice-dependent spell
cies and ecosystems more vulnerable to other
environmental pressures. The rapid pace of clill

Noidhiesiiheinispheli¢: sediiipésepéabt in September

Figure 2.16 Projected changes in Arctic sea ice
extent in summer up to the end of the 21st cenll
tury. Projections based on a scenario with contill
nued high levels of greenhouse gas emissions are
shown in red, and projections based on deep
rapid cuts in emissions are shown in blue. Solid
lines show projected mean values, and the shaded
areas show the uncertainty intervals. The horizon-
tal dashed line represents more or less ice-free
conditions. It can be seen from the figure that if
emission remain high, the Arctic seas are expecll
ted to be almost ice-free by the middle of this cenl
tury.

Source: IPCC.

mate change thus poses considerable challenges
for the management of activities that may have
impacts on species and ecosystems in the marll
ginal ice zone and drift ice.

Hazardous substances

Even in the undisturbed Arctic environment, far
from major sources of pollution, living organisms
are exposed to hazardous substances. The fauna
of the marginal ice zone is particularly at risk from
persistent, bioaccumulative and toxic substances.
This is mainly because such substances are transl(l
ported to the Arctic with northerly winds and
ocean currents and then deposited on the sea ice.
However, local sources such as historical pollution
or oil and chemical spills may also be significant.
Modelling results from the Marine Pollution Monl
itoring Programme (2012) suggest that the sea ice
shields the seawater from atmospheric inputs of
pollutants in winter, but that they are released into
the surface water when the ice melts. This can
result in higher concentrations of pollutants along
the ice edge in spring, where they may be
absorbed by marine animals and plants. This is a
serious concern because some substances bioacll
cumulate very effectively along Arctic marine
food chains. In addition, the low temperatures in
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Figure 2.17 Polar bears in the marginal ice zone in the Barents Sea.

Photo: Ann Kristin Balto, Norwegian Polar Institute.

the Arctic mean that degradation processes are
slower and substances persist longer in the envill
ronment. Some Arctic mammals, such as polar
bears and ringed seals, are particularly vulnerable
to contaminants because their life strategy
includes prolonged fasting periods. During these
periods, the animals draw on their fat reserves,
causing a rise in the concentrations of fat-soluble
contaminants in other parts of their bodies and
their migration into vital organs such as the liver,
endocrine glands and brain. Mammals also transl[
fer contaminants to their young during lactation.
Through these mechanisms, hazardous subl
stances are transferred from generation to generll
ation and remain in the environment for proll
longed periods. So far, little is known about how
climate change will influence the impacts of haz[l
ardous substances on marine ecosystems.

Oil spills

In the event of an oil spill, oil pollution in the mar(l
ginal ice zone could affect the large numbers of
seabirds and marine mammals that congregate
there, and also the plankton, ice algae and fish lar[]
vae in the water column and under the ice. Polar

bears, which can be found at high densities in the
marginal ice zone, could also be affected in areas
polluted by an oil spill. The large concentrations of
seabirds and marine mammals make the ecosysll
tem in the marginal ice zone particularly vulnerall
ble to oil spills. There are still major gaps in our
knowledge of the damage oil pollution could do to
the ecosystem in the marginal ice zone, but its vulll
nerability is considered to be high. This ecosysl
tem plays a key role for much of the marine life in
the Barents Sea, and a large spill in the marginal
ice zone could have serious impacts. The impact
assessment for the Barents Sea southeast showed
that a prolonged oil spill with large amounts
reaching the marginal ice zone could be particull
larly serious for marine mammals associated with
this zone. Generally speaking the probability of
major spills from petroleum operations is small.
The risk of oil spills from shipping and petroleum
activities is discussed in Chapter 3.

Oil that is frozen into the ice can be transl
ported with the ice as it drifts, and will be a
chronic source of pollution in areas where the ice
melts.

Because of the high biological production and
diversity in the marginal ice zone, oil pollution in
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Figure 2.18 Harp seals on the ice in the marginal ice zone.

Photo: Andrea Taurisano, Norwegian Polar Institute.

this area could affect the habitats of a large numl
ber of species and species groups. There are still
major gaps in our knowledge of the damage oil
pollution could do to the ecosystem in the marll
ginal ice zone, but its vulnerability is considered
to be high. The impacts could be particularly
severe in the event of a major oil spill across a
large are of the marginal ice zone in spring or
summer, when production in the water column is
very high and large numbers of seabirds and
marine mammals may be concentrated in limited
areas.

Seabirds that come into contact with oil are liall
ble to freeze to death because their plumage loses
its insulating properties when contaminated with
oil. Many animal species are very vulnerable to oil
throughout the year or at specific times of year,
and are usually killed by oil contamination. This
applies particularly to seabirds during the moult,
seal pups and moulting seals. Other species may
survive limited oil contamination. Zooplankton
and the early life stages of fish are also vulnerable
to oil pollution. Petroleum products contain a
large number of different substances, and differ(]
ent products vary widely in composition, toxicity

and potential for harm. Oil spills can cause either
acute or chronic and potentially lethal physiologill
cal and biochemical damage, depending on the
concentrations to which individual animals are
exposed and the duration of the exposure.

Many factors determine whether a major oil
spill has serious long-term impacts, including the
time of year when it happens and the stage of anill
mal species’ annual cycle (reproduction, feeding,
etc) that is affected. Chapter 3.5 describes the spell
cial challenges involved in providing an oil spill
preparedness and response system for icy waters.

2.3.4 Delimitation of the marginal ice zone
as a particularly valuable and
vulnerable area in the earlier versions

of the management plan

In the 2006 and 2011 white papers on the managell
ment plan, the marginal ice zone was identified
and described, and its variable extent was shown
on maps. This zone includes the entire area of sea
that normally has a seasonal ice cover, across
which the marginal ice zone moves in the course
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of an annual cycle between the maximum and
minimum extent of the sea ice.

In the management plan, the marginal ice zone
has been delimited in the same way as in a report
on identification of particularly valuable areas in
the Barents Sea—Lofoten area, published in 2003,
which formed part of the scientific basis for the
2006 management plan. In this report, the boundll
ary of the marginal ice zone followed a line where
sea ice was present on 30 % of the days in April,
based on satellite observations of ice extent from
the period 1967-89 (excluding 1976). The critell
rion used to determine whether ice was present
was an ice concentration exceeding 15 %, meaning
that ice covers more than 15 % of the sea surface.
This frequency measure (how often ice is present
in a particular month) is called ‘ice persistence’,
and in the short term it expresses the probability
of finding sea ice in the period of the year for
which the calculations have been made.

This method for delimiting the marginal ice
zone as a particularly valuable and vulnerable area
is based on statistics on the presence of sea ice for
a preceding period, in this case 1967-89. The parll
ticularly valuable and vulnerable area encoml
passes the whole area within which the marginal
ice zone will normally be found as the sea ice
extent varies between its annual maximum and
minimum (see Figures 2.11 and 2.12). It thus covl
ers the areas that are of greatest significance for
biological production and biodiversity associated
with the marginal ice zone during the course of a
year.

Like the other particularly valuable and vulner(l
able areas, the marginal ice zone contains environll
mental components that are considered to be par(l
ticularly valuable, and its delimitation as a valuall
ble and vulnerable area has been fixed. In the case
of the marginal ice zone, the delimitation cannot
be based on a snapshot of where the ice edge is on
a particular date, but must be determined on the
basis of statistics on the movement and variable
extent of the marginal ice zone during the year
and on interannual variations in sea ice extent.

On the basis of a scientific assessment, the
boundary of the marginal ice zone is considered
to follow the line where there is sea ice on 30 % of
the days in April. This criterion means that in the
years where the sea ice extent is greatest, there
may be sea ice south of the boundary of the mar(l
ginal ice zone when the ice extent is near its
annual maximum (see Figure 2.21).

2.3.5 Update of the delimitation of the
marginal ice zone as a particularly
valuable and vulnerable area

In the past 30 years, there has been a clear longl(l
term negative trend in sea ice extent both in the
Arctic as a whole and in the Barents Sea. In the
Barents Sea, this decline has been observed both
in summer and in winter. This can be clearly seen
in Figures 2.19 and 2.20, which show trends in
mean sea ice extent in the Barents Sea in April
and September since 1979, based on satellite
observations. The figures also show the considerfl
able interannual variability in sea ice extent. This
variability is explained by natural fluctuations,
while anthropogenic climate change is believed to
be the main reason for the long-term negative
trend.

With the observed reduction in sea ice, the
mean position of the marginal ice zone at any spell
cific time of year is moving steadily further north(
wards and eastwards. This also means that the
ecosystem of the sea ice and marginal ice zone
and the vulnerable species and habitats associated
with it are shifting in the same direction.

In the earlier versions of the management
plan, the extent of the marginal ice zone as a parll
ticularly valuable and vulnerable area was delim(l
ited using ice data from the period 1967-89. This
was a period when there was considerably more
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Figure 2.19 Mean seaice extentin the Barents Sea
in April, the month when seaice extent reaches its
maximum. The graph shows monthly means for
each year (thin blue line), rolling average values
for three-year periods (thick blue line) and the
linear trend for the whole period (red line). There
are large interannual variations, but also a negall
tive trend in seaice extent in April throughout the
period. The lowest value for sea ice extent was
measured in April 2006.

Source: Norwegian Polar Institute.
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Figure 2.20 Mean seaice extentinthe Barents Sea
in September, the month when sea ice extent
reaches its minimum. The graph shows monthly
means for each year (thin red line), rolling average
values for three-year periods (thick red line) and
the linear trend for the whole period (red line).
There is a negative trend in sea ice extent in Sepll
tember throughout the period, but also large intel
rannual variations.

Source: Norwegian Polar Institute.

ice cover in the Barents Sea than is the case today.
The calculations are therefore not representative
of current ice conditions.

Particularly valuable and vulnerable areas
should be delimited so that their boundaries
reflect the areas that are of greatest importance
for biodiversity and for biological production. The
delimitation of the marginal ice zone as a particull
larly valuable and vulnerable area has therefore
been updated using new ice data, so that it reflects
ice conditions up to the present day.

The updated delimitation of the marginal ice
zone is based on the same criteria as those used in
the 2006 and 2011 versions of the management
plan, so that the boundary of the marginal ice
zone follows a line joining areas where sea ice is
present on 30 % of the days in April. In other
words, the marginal ice zone is still delimited
using a minimum ice persistence of 30 %. As in the
original calculations, the presence of ice means
that the ice concentration — the proportion of the
sea surface covered by ice — is more than 15 %. Ice
data from satellite images for the 30-year period
1985-2014 have been used for the calculations.
The new ice data used as a basis for updating the
delimitation of the marginal ice zone are generally
of better quality than the older data. A 30-year
period was used to reduce the sensitivity of the
updated delimitation to short-term fluctuations in
ice conditions from year to year. The standard nor-
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Figure 2.21 Ice persistence in April for the period
1985-2014. Sea ice extent normally reaches its
annual maximum in April. Ice persistence is the
percentage of days on which seaiceis presentina
specific area within a specified period of time, and
is further explained in the text.

Source: Norwegian Polar Institute.
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Figure 2.22 Ice persistence in September for the
period 1985-2014. Sea ice extent normally
reaches its annual minimum in September. Ice
persistenceis the percentage of days on which sea
ice is present in a specific area within a specified
period of time, and is further explained in the text.

Source: Norwegian Polar Institute.

mal period used in climatology and meteorology
is also 30 years. Figure 2.21 shows mean ice perll
sistence in different parts of the Barents Sea in
April for this 30-year period. Figure 2.22 shows
the corresponding map for September, when sea
ice extent reaches its annual minimum.
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The calculations updating the delimitation of
the marginal ice zone were performed by the Norll
wegian Polar Institute, and the new boundary is
shown on the maps in Figures 2.8 and 2.23. The
updated delimitation reflects changes in ice condill
tions between the periods 1967-89 and 1985-
2014. The ice data used to update the delimitation
are from the US National Snow and Ice Data
Center, and consist of daily satellite-based measl
urements of ice concentration in 25x25 km grid
squares. As shown by Figure 2.23, the updated
boundary of the marginal ice zone runs north of
the areas in the Barents Sea that have been
opened for petroleum activities. However, special
management measures may also be needed south
of this boundary to reduce the risk of impacts on
the marginal ice zone.

2.3.6 Futureupdatesand furtherworkonthe
management plan

The delimitation of the marginal ice zone as a parll
ticularly valuable and vulnerable area will next be
updated in connection with the revision of the
management plan for the Barents Sea-Lofoten
area in 2020. As part of the scientific basis for the
revision, the criteria defined as the basis for deliml
iting the marginal ice zone will be reviewed.

It is also necessary to consider the implicall
tions of the northward retreat of the marginal ice
zone in connection with the delimitation of other
particularly valuable and vulnerable areas around
Svalbard, and for evaluating whether they still
cover the most valuable and vulnerable parts of
the northern Barents Sea. This is important
because climate change is resulting in rapid
change in ecosystems, and patterns of human
activity are also changing.

In the earlier versions of the Barents Sea-
Lofoten management plan, both the polar front
and the sea areas surrounding Svalbard are identill
fied and described as particularly valuable and
vulnerable areas. There is some overlap between
these areas and the marginal ice zone.

The polar front is the zone where warmer
Atlantic water meets cold, less saline water from
the Arctic Ocean. It is a transitional zone where
primary production and biodiversity are high.
When the ice has advanced to its maximum extent
in spring, the marginal ice zone often coincides to
a large extent with the polar front. The location of
the polar front, like that of the marginal ice zone,
is being influenced by climate change. In the eastl]
ern parts of the Barents Sea, the polar front has
receded further north and east. An assessment of
whether the delimitation of the polar front as a
particularly valuable and vulnerable area needs to
be updated will be made when the management
plan is revised in 2020.

The sea areas surrounding Svalbard, including
Bjornoaya, have been identified and described as
particularly valuable and vulnerable areas in the
Barents Sea-Lofoten management plan. Only the
area around Bjerneya has been delimited on maps
in the management plan. The scientific work in
the period up to the revision of the management
plan in 2020 will include an assessment of how the
particularly valuable and vulnerable area around
Svalbard can be delimited.

In the period up to the revision of the managell
ment plan in 2020, it will also be necessary to furll
ther develop the set of indicators for assessing
environmental status, for example by including
indicators for ice-dependent marine mammals.

The marginal ice zone as a particularly valuable
and vulnerable area is defined so that it encom-
passes the whole area within which the marginal
ice zone will normally be found as the sea ice
extent varies between its annual maximum and
minimum. The boundary of the marginal ice
zone is considered to follow the line where sea
ice is present on 30 % of the days in April, using
a time series of satellite observations of ice
extent for the 30-year period 1985-2014. The cri-
terion for determining whether ice is present is

Box 2.5 Definition of the marginal ice zone as a particularly valuable and
vulnerable area

an ice concentration exceeding 15 %, meaning
that ice covers more than 15 9% of the sea surll
face. This is in accordance with international
standards. This frequency measure is called ‘ice
persistence’, and in the short term it expresses
the probability of finding sea ice in the period for
which the calculations have been made (see Fig-
ures 2.21 and 2.22). The delimitation of the mar-
ginal ice zone as a particularly valuable and vulll
nerable area is shown in Figure 2.23.
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Figure 2.23 Updated delimitation of the marginal ice zone as a particularly valuable and vulnerable area
based on ice data for the 30-year period 1985-2014.

Source: Norwegian Polar Institute.



38 Meld. St. 20 (2014-2015) Report to the Storting (white paper)

2014-2015

Update of the integrated management plan for the Barents Sea—Lofoten area including an update of the delimitation
of the marginal ice zone

3 Commercial activities in the northern part of
the management plan area

3.1 Introduction

Human activity has less direct influence on the
Arctic part of the Barents Sea—Lofoten managell
ment plan area than on any other part of Norway’s
marine areas. However, changes in ice conditions
are making more of the area accessible to various
activities, and larger areas are also becoming
accessible as a result of technological advances.
Patterns of activity are therefore expected to
change. This will make new demands on the manll
agement of the most northerly areas.

Fisheries, maritime transport and petroleum
activities are the most important activities in the
area. In this chapter, actual fisheries activities are
discussed in the section on fisheries, while fishing
vessels are dealt with in the section on maritime
transport. Statistics on maritime traffic in the
northern part of the management plan area conll
cern traffic north of the boundary of Arctic waters
as defined in the IMO Polar Code. The chapter
also contains a section dealing with the risk of
acute pollution and the special challenges relating
to oil spill preparedness and response in icy
waters.

Box 3.1 Research on the
environmental impacts of new
commercial activities in the north

In 2014, a new flagship research programme,
‘Environmental impacts of industrial activity in
the north® (MIKON) was started up at the
Fram Centre in Tromse. The programme is
intended to strengthen the knowledge base
for the authorities’ efforts to limit the ‘footll
print’ of industrial activity in north, and to
ensure that new industrial activity takes place
within a sound environmental framework.
Research takes into consideration both existll
ing activities and new developments that are
expected in the future.

Given developments in the High North, includl
ing a growing volume of maritime transport and
expansion of resource extraction activities, Nor[l
way must maintain a presence and exercise its
sovereignty in the region. Norway’s interests and
particular responsibilities in the High North also
require military capacity. The functions of the
Coast Guard and satisfactory search and rescue
capacity are particularly important in this connecll
tion. The main function of the Coast Guard is to
exercise sovereignty and authority, and operall
tions in northern waters are given priority.

3.2 Fisheries

There is a long tradition of large-scale fisheries in
Norway’s northern sea areas. In the Barents Sea
and the northern part of the Norwegian Sea, both
Norwegian and foreign vessels harvest from large
stocks of Northeast Arctic cod, haddock and
saithe, capelin and Norwegian spring-spawning
herring, and shellfish such as prawns.

Norway has a modern, efficient ocean-going
fishing fleet that operates both off the mainland
coast and in the northern seas. Purse seiners and
pelagic trawlers fish Norwegian spring-spawning
herring along the coast in autumn and winter, and
target the capelin stock when it moves to the
spawning grounds along the coast of Finnmark in
winter. Larger trawlers and vessels engaged in
longlining and gill netting catch cod, haddock,
redfish, Greenland halibut and prawns in the Barll
ents Sea. In 2013, the landed value of catches from
Norwegian fisheries in Arctic waters was about
NOK 13 billion.

Most of Norway’s commercial fish stocks are
shared with other countries. In accordance with
international obligations, we therefore cooperate
on stock sharing, determining annual total allowall
ble catches (TACs) and other management measl]
ures. For stocks in the northern part of the manll
agement plan area, the main cooperation forums
are the Joint Norwegian-Russian Fisheries Coml[
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Figure 3.1

Traffic density map for fishing vessels
in the management plan area in 2014. The blue
line marks the boundary of Arctic waters as defi-
ned by the Polar Code.

Source: DNV GL. The figure is based on AIS data from the Nor{
wegian Coastal Administration.

mission and the North East Atlantic Fisheries
Commission (NEAFC). In addition, Norway has
an extensive national system of regulatory control
measures, including monitoring and control car(l
ried out by the Coast Guard.

Box 3.2 Capelin as a key speciesin
the Barents Sea

The capelin stock shows wide natural variall
tions. The species is an important predator on
zooplankton, and grazing pressure from capell
lin is so great that the quantity of zooplankton
tends to decrease as the -capelin stock
increases, and vice versa. Capelin feed to a
large extent in the marginal ice zone and
migrate to Norway’s northern coast to spawn.
They thus transport energy from biological
production in the marginal ice zone to more
southerly parts of the Barents Sea. Juvenile
herring feed on capelin larvae, and this predall
tion pressure can cause the capelin stock to
collapse when the abundance of juvenile herll
ring in the Barents Sea is high.

Norway and Russia practise joint management
of the most important fish stocks in the Barents
Sea, including Northeast Arctic cod, Northeast
Arctic haddock, capelin, Greenland halibut and
beaked redfish. The joint fisheries commission
and its bodies set TACs and share them between
Norway, Russia and third countries. The parties
also agree on reciprocal fishing rights in each
other’s zones, exchange quotas for both joint
stocks and national stocks, and harmonise regulall
tory measures. They have drawn up management
plans for cod, haddock and capelin including tarll
get stock levels and trigger points as a basis for
setting TACs. The TACs jointly determined by
Norway and Russia are based on management
strategies agreed by Norway and Russia and on
recommendations on catch levels from the Interll
national Council for the Exploration of the Sea
(ICES), which includes both Norwegian and Rusl
sian scientists. Efforts to eliminate overfishing,
together with joint management strategies and
Norwegian-Russian cooperation on resource conll
trol, have been very important in improving the
state of the Barents Sea cod stock, which is now
highly satisfactory.

The TAC for Northeast Arctic cod in 2015 has
been set at 894 000 tonnes. Norway and Russia
have been allocated equal shares of this, and a
quota is set aside for third countries (the EU, Icell
land, Greenland and the Faeroe Islands). The
TACs for Northeast Arctic haddock and capelin
have been set at 178 500 tonnes and 120 000
tonnes respectively.

In recent years the distribution of some of the
most important fish species in the Barents Sea
has expanded considerably, and they are now
found as far north as the waters around Svalbard
and further northeast in the Barents Sea in sumll
mer and autumn (see Figure 3.2). This change is
particularly marked for Northeast Arctic cod and
haddock and for capelin. In addition, the distribull
tion of mackerel has shifted northwards, and
mackerel are now to be found far north in the Barll
ents Sea in summer.

As a result of climate change, even larger sea
areas are expected to be ice-free in summer and
autumn, which may result in changes in harvestll
ing patterns in the fisheries.

The greatest biological pressure on the marine
environment is the deliberate harvesting of comll
mercial fish stocks. Harvesting is an intentional
and managed pressure on the ecosystem, but can
have environmental impacts if harvesting levels
are not sustainable.
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Figure 3.2 Changes in the distribution of capelin on feeding grounds in summer; the range has expan-
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Source: Institute of Marine Research.

The Coast Guard and the fisheries control system

The Coast Guard is responsible for resource conll
trol, in other words effective monitoring, maintain(l
ing an appropriate presence and carrying out regull
lar inspections in all areas where there are coml
mercial fishing activities. Priority is given to
selected areas where the level of activity is highest
and where breaches of the legislation are most
likely. The Coast Guard therefore gives priority to
preventing overfishing in the Barents Sea, disll
cards of fish and unregistered landings, and to
problems associated with bycatches. Through its
operations, the Coast Guard exercises authority in
the Economic Zone of Norway, the fisheries zone
around Jan Mayen and the fisheries protection
zone around Svalbard. Its operations are supported
by satellite, aircraft and helicopter monitoring.

Information system for the fishing fleet

The fishing fleet has for a long time felt the need
for an integrated, practical information system for
distributing and reporting key information to vesll
sels’ own instrument systems. A joint project
between the Norwegian Seafood Research Fund
(which represents the seafood industry) and Barll
entsWatch (cooperation between government
agencies and research institutes) has now
resulted in a first version of an information system
called FiskInfo. This has been available to the fishll
ing fleet since February 2015. This version makes
it possible for vessels to have updated information
on their own chart plotters at all times, including

data on deployed fishing gear, subsea installall
tions, and planned and ongoing seismic surveys.
BarentsWatch is to develop FiskInfo further so
that it can provide services that are also useful for
other vessel types and for other types of operall
tions at sea and along the coast. Relevant user
groups from maritime industries and the oil and
gas industry will therefore be involved in the proll
ject in the course of 2015.

3.3 Maritime transport

The current traffic situation

Information on shipping in the waters around
Svalbard has been considerably improved with
data from the Norwegian AIS satellites, which
pick up and transmit data on vessel position and
movements. However, the historical data on
trends in traffic patterns and volumes over time
are still not good enough.

In 2014, just over 550 vessels (unique ships,
both Norwegian and foreign) were registered in
the part of the management plan area that will be
within Arctic waters as defined by the Polar Code.
About half of these were fishing vessels. The secll
ond largest vessel category was passenger/cruise
ships (45 vessels). Chemical and oil tankers made
up only a small proportion of the total, 17 vessels
in all.

Data for total distance sailed show a similar
pattern. Fishing vessels are the dominant catell
gory at present, accounting for about 69 % of the
total distance sailed.
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Figure 3.3 Distance sailed (nm) in 2014 in the part of the management plan area within Arctic waters

as defined by the Polar Code.

Source: DNV GL. The figure is based on AIS data from the Norwegian Coastal Administration.

Figure 3.4 Traffic density map for all types of ves-
sels in the management plan area in 2014.

Source: DNV GL. The figure is based on AIS data from the Nor{
wegian Coastal Administration.

Expected trends

Few projections have been made for the Arctic,
and those that are available are very uncertain.
However, most of them indicate that a gradual
increase in the volume of shipping in the Arctic is
to be expected. The extend and speed of the
increase are more uncertain, and are closely
related to other uncertain factors, trends in and
the profitability of industries that drive developl
ments in shipping. The largest increase in the
region is expected for traffic associated with oil
and gas activities and for ships in transit, a result
of reductions in multi-year ice and sea ice extent.

To prevent accidents and harmful releases of
pollutants, the shipping industry needs to main(l
tain high maritime safety and environmental
standards.

Environmental pressures from maritime transport and
work in progress by IMO

Shipping can have adverse impacts on the envill
ronment through releases both to the sea and to
air. Releases to the marine environment include
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Figure 3.5 Main routes expected to be used by
shipping across the Arctic Ocean. The most direct
route (red lines) should be considered as a corri-
dor with many options.

Source: Norwegian Polar Institute.

various types of operational discharges. In addill
tion, accidental spills of oil and chemicals may
occur. A spill of heavy oil in the Arctic could have
very serious environmental impacts.

Operational discharges to the sea from shipll
ping are very strictly regulated under internall
tional agreements.

In addition, shipping is responsible for air poll
lution, for example releases of nitrogen and sulll
phur oxides. Emissions of soot, or black carbon,
are also a problem in the Arctic because soot is a
short-lived climate pollutant that is having a conll
siderable impact in parts of the Arctic, and
because soot emissions are not regulated. The
International Maritime Organization (IMO) is
addressing the problems of soot emissions. The
spread of alien species attached to ships’ hulls or
in ballast water can disturb the ecological balance
in the Arctic. When the IMO Ballast Water Conll
vention enters into force, it will go a long way
towards eliminating the spread of alien species in
this way. More knowledge is needed to under(l
stand the possible impacts of underwater noise
from shipping. IMO has adopted voluntary guidell
lines for the reduction of underwater noise from
shipping.

Environmental risk in the northern part of the Barents
Sea

The environmental risk (the probability of acute
pollution multiplied by the potential consequences
of spills) associated with oil or chemical spills
from ships in the Barents Sea varies from one geoll
graphical area to another and between seasons.
The potential consequences will be most serious if
a spill could affect areas where there are high
densities of vulnerable species or areas of vulnerall
ble habitat, such as the marginal ice zone and

CO, emissions

NO, emissions

= Qil tankers Chemical/product carriers
® Ro Ro B Reefers
Other offshore = Other activities

SO, emissions

= Bulk carriers General cargo

B Passenger B Offshore supply skip

= Fishing vessels

Figure 3.6 Releases of CO,, NO, and SO, from shipping in the part of the management plan area within

Arctic waters as defined by the Polar Code.

Source: DNV GL. The figure is based on AIS data from the Norwegian Coastal Administration.
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coastal waters. In the Barents Sea, spills in the
open sea may also have serious impacts, since
there are high densities of vulnerable seabirds in
different parts of the sea area at certain times.
The environmental risk associated with shipl
ping is currently highest near the west coast of
Svalbard and around Bjerneya. The probability of
incidents involving spills from shipping is also
highest in these areas. However, the probability of
spills is lower in the waters around Svalbard and
Bjerneya than along the mainland coast of Norll
way. Because the use of heavy bunker oil is proll
hibited around much of Svalbard, lighter fuel
types are more widely used than along the mainll
land coast. This has implications for the organisall
tion of the preparedness and response system for
acute pollution. On the other hand, there are varill
ous areas where the environment is very vulnerall
ble to oil pollution, and the environmental consell
quences of a spill could be severe. In 2012, as part
of efforts to improve preparedness and response
to acute pollution, a new mapping tool was establl
lished, called PRIMOS (priority areas of environl
ment in Svalbard). Using the tool, the geographill

cal positions of vulnerable species and habitats in
and around Svalbard can be mapped and priorities
defined, making it possible to concentrate cleanl(l
up operations where they are most needed in the
event of a spill.

Prohibition against carrying heavy bunker oil in the
protected areas around Svalbard

The prohibition against carrying heavy bunker oil
in the protected areas around Svalbard was introll
duced in 2007, and its scope was expanded from 1
January 2015. It is now prohibited to carry heavy
bunker oil when sailing to Ny-Alesund and Magl
dalenefjorden, two routes that were formerly
excepted from the prohibition. Ships are not perll
mitted to use or carry heavy bunker oil when sailll
ing into Nordaust- and Seraust-Svalbard nature
reserves on the east coast of Svalbard or the three
large national parks Ser-Spitsbergen, Forlandet
and Nordvest-Spitsbergen in the western part of
the archipelago. Instead, they must use light
marine diesel, which causes less serious pollution
in the event of a spill.

WHAT DOES THE POLAR CODE
MEAN FOR SHIP SAFETY?

EQUIPMENT

WINDOWS ON BRIDGE
Means to clear melted ice,
freezing rain, snow, mist,
spray and condensation

LIFEBOATS
Al lifeboats to be partially
or totally enclosed type

CLOTHING |
Adequate thermal
protection for all
persons on board

CLOTHING Il

On passenger ships, an
immersion suit or a thermal
protective ald for each
person on board

SHIP CATEGORIES
Three categories of ship
which may operate in Polar
Waters, basod on:

A) medium first-year ice

B) thin first-year ice

ICE REMOVAL
Special equipment for ice
removal: such as electrical
and pneumatic devices,
special tools such as axes
or wooden clubs

less severo than A and B

INTACT STABILITY
Sufficient stability in intact

FIRE SAFETY

Extinguishing equipment
operable In cold temperatures;
protect from ice; suitable for
persons wearing bulky and
cumbersome cold weather goar

accretion and the stability
calculations must take into
account the icing allowance

@
O
O
&
O

DESIGN & CONSTRUCTION

C) open waters/ice conditions

condition when subject to ice

OPERATIONS & MANNING

NAVIGATION
Receive information
about ice conditions

CERTIFICATE & MANUAL
p Required to have on board a
Polar Ship Certificate and the
. ship's Polar Water Operational
Manual
TRAINING
Masters, chief mates and
officers in charge of a
navigational watch must have
completed appropriate basic
training (for open-water
operations), and advanced
training for other waters,
including ico

MATERIALS

Ships intended to operate in
low air temperature must be
constructed with materials
suitable for operation at the
ships polar service
temperature

BACKGROUND INFO

™HE CoDE
4% IN POLAR WATERS WAS ADOPTED NOVEMBER
2014 BY THE IMO MARITIME SAFETY COMMITTEE

IT APPLIES TO SHIPS OPERATING IN ARCTIC AND
ANTARCTIC WATERS

THE AIM IS TO PROVIDE FOR SAFE SHIP
OPERATION AND THE PROTECTION OF THE POLAR
ENVIRONMENT BY ADDRESSING RISKS PRESENT
IN POLAR WATERS AND NOT ADEQUATELY
MITIGATED BY OTHER INSTRUMENTS

STRUCTURE

In ice strengthened ships,

the structure of the ship

must be able to resist both *
global and local structural

loads

Vi

Figure 3.7 Safety requirements for ships under the IMO Polar Code.

Source: International Maritime Organization.
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The IMO Polar Code

Like shipping in other parts of the world, shipping
in polar waters is subject to the rules of internall
tional conventions adopted by IMO. Until now,
this regulatory framework has not been adapted
to the particular conditions found in polar waters.
The development of global binding rules for ships
operating in Arctic and Antarctic waters was put
on the IMO agenda in 2009 after a proposal by
Denmark, Norway and the US. IMO adopted the
Polar Code in 2014. Norway has played a key role
in the development of the Polar Code and coordill
nated the work under IMO. The Polar Code lays
down globally binding rules for ships operating in
polar waters, i.e. Arctic and Antarctic waters. Its
rules apply in addition to those of already existing
conventions and codes on maritime safety and polll
lution from shipping (SOLAS, MARPOL, the
STCW Convention, etc).

The Polar Code consists of two parts, one on
safety and one on environment-related matters. It
sets specific requirements for ships operating in
polar waters, for example on ship design, equipll
ment, operations, environmental protection, navill
gation and crew qualifications. The Polar Code
enters into force on 1 January 2017.

The most important environment-related prol
visions deal with pollution by oil, chemicals, sewl(l
age and garbage released from ships. The Polar
Code is considered to be one of the most imporll
tant developments for improving maritime safety
in polar waters. The Norwegian Government will
take steps to ensure its effective implementation.

Particularly Sensitive Sea Areas (PSSAs)

Member states can apply to IMO to have certain
areas designated as Particular Sensitive Sea Areas
(PSSAs). The approval process involves assessing
the sensitivity of the area against its vulnerability
to environmental pressures and the risk of damll
age by shipping activities. If an area is designated
as a PSSA, control measures must be identified to
prevent damage. These are dealt with by IMO on
a case-by-case basis since they may involve new
requirements that necessitate amendments to
conventions or the publication of recommendall
tions.

So far, 14 PSSAs have been designated in difll
ferent parts of the world (see Figure 3.8).

In 2013, the Protection of the Arctic Marine
Environment Working Group (PAME) under the
Arctic Council published a report reviewing and
making recommendations on specially designated
Arctic marine areas in the Arctic high seas (the
AMSA II(D) report. The review was intended to
provide a basis for assessing possible joint proposll
als for the risks posed by international shipping
activities.

Maritime safety (coastal state measures)

Maritime safety measures are an essential basis
for safe, effective maritime transport. In recent
years, a number of preventive measures have
been introduced, and together, they have considll
erably reduced the risks associated with shipping
in the Arctic.
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Figure 3.8 Map of existing PSSAs.

Source: International Maritime Organization.
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Systems for monitoring shipping in Norwell
gian waters have been considerably strengthened.
The Varde VTS Centre monitors shipping
throughout Norway’s exclusive economic zone
and in the fisheries zone around Svalbard, focusl
ing particularly on tankers and other high-risk
traffic. It also issues navigational warnings for
shipping in Arctic waters. The Norwegian AIS satll
ellites make it possible to pick up position data
even from vessels that are far out at sea, and put
the Norwegian authorities in a better position to
take action if incidents occur at sea. Traffic sepall
ration schemes and recommended routes have
been established from Varde to Rest and off the
coast of Western and Southern Norway. These
divert high-risk traffic away from the coast, and
analyses show that they considerable reduce the
probability of and consequences of accidents.

In summer 2013, a mandatory ship reporting
system, Barents SRS, was established. Under this
system, which has been approved by IMO,
higher-risk categories of ships are required to
submit reports of their positions when sailing in
the Barents SRS area. The system gives both Norll
wegian and Russian authorities a better picture of
maritime traffic in the Barents Sea.

In 2012, the Norwegian state pilotage service
was extended to the waters around Svalbard. The
pilots use their local knowledge of the waters and
navigation expertise to ensure safe navigation in
coastal waters.

The Norwegian Coast Guard has important
functions related to search and rescue, maritime
safety, oil spill preparedness and response, tugl
boat capacity and other civilian tasks. The Coast
Guard plays a part in national emergency preparll
edness through its participation in coastal emerll
gency response and on-scene command. As the
NH 90 maritime helicopters are phased in, monill
toring and search and rescue capacity in coastal
and marine areas will improve.

Nautical charting and accurate charts are of
crucial importance for maritime safety. There are
many areas around Svalbard that have not been
charted and where no satisfactory depth measurell
ments are available. Surveys have been made
more efficient in recent years with new equipment
and new survey vessels. On the west coast of Svalll
bard, priority is being given to those of the
remaining non-surveyed areas that are most
important for tourist traffic. To the north and east
of Svalbard, the priority is to survey areas that are
of special importance for safe navigation around
the archipelago. Progress in surveying the waters
around Svalbard depends on suitable weather conl

ditions during the short survey season, and on
being able to use the available resources effecll
tively. Plans and priorities for surveying around
Svalbard are drawn up in consultation with the
Coast Guard, research institutions and the Gover(l
nor of Svalbard.

The monitoring and information system Barll
entsWatch has been developed through the High
North cooperation and will also help to improve
maritime safety.

In spring 2015, the Government will publish a
new maritime strategy, in which one of the topics
covered will be the High North. The Government
also plans to submit a white paper providing an
overall review of maritime safety and the preparll
edness and response system for acute pollution.
The High North will be an important element of
this white paper as well.

3.4 Petroleum activities

Petroleum activities in the Barents Sea South

The Storting opened the Barents Sea for oil and
gas activities in 1979. At that time, 20 blocks in the
Tromseflaket area were opened. Exploration drillll
ing started, and the Askeladd field, which is part
of the Snehvit development, was discovered in
1981. Later in the 1980s, further areas of the Barl(l
ents Sea South were opened, and nearly all of the
remaining area was opened in 1989. In all, 137
wells have been drilled in the Barents Sea.

Several oil and gas discoveries of varying sizes
have been made. The Snehvit field (gas and conll
densate) has been developed and is producing,
and Goliat is under development and should start
producing oil in the course of 2015. The planning
process for development of the Johan Castberg
field is well under way.

A few exploration wells were drilled in the
northern part of the Barents Sea towards the end
of the 1980s. In 2013 and 2014 new exploration
wells (Wisting (three wells), Apollo, Mercury, Satll
urn, Pingvin and Isfjell) were drilled.

Opening of the southeastern part of the Barents Sea

In 2011, the Government decided, with the
approval of the Storting, that once the maritime
delimitation treaty between Norway and Russia
for the Barents Sea and Arctic Ocean had entered
into force, it would initiate an impact assessment
in accordance with the Petroleum Act for the prell
viously disputed area west of the delimitation line
in the Barents Sea South, with a view to granting
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Figure 3.9 Wells drilled in the Barents Sea 1981-2015.

Source: Norwegian Petroleum Directorate.

production licences and collecting data from the
area, see the white papers An industry for the
Sfuture — Norway’s petroleum activities (Meld. St. 28
(2010-2011)) and the first update of the Barents
Sea-Lofoten management plan (Meld. St. 10
(2010-2011)).

The impact assessment for the Barents Sea
southeast was carried out in 2012/2013. It was folll
lowed up by the publication of two white papers
(Meld. St. 36 and 41 (2012-2013)); these were
debated by the Storting, which decided to open
the southeastern part of the Barents Sea for petroll
leum activities.

The white papers on the Barents Sea southl
east state that no petroleum activities will be initill
ated in the areas along the edge of the marginal
ice zone and the polar front at present, but also
point out that this does not preclude oil and gas
activities throughout the southeastern part of the
Barents Sea.

Petroleum activities in the marginal ice zone and the
23rd licensing round

Petroleum activities in Norway are subject to
strict requirements as regards the health, safety
and working environment framework and environll
mental concerns. It is also considered important
to facilitate coexistence with other industries. The
same also applies to the Barents Sea and in the
23" humbered licensing round.

In accordance with the framework the Storting
has approved for the 23rd licensing round, there
are restrictions on when exploration drilling is

permitted along the outer edge of the marginal ice
zone (wherever this is located at the time of operall
tion). The Government has made these restricll
tions applicable to the whole of the Barents Sea
for the 231 licensing round. The framework that
applies to new production licences for the Barents
Sea safeguards species and ecosystems in the
marginal ice zone.

In addition, recent sea ice data show that the
marginal ice zone, as delimited using ice data for
the period 1985-2014, is north of the areas that
have now been opened for petroleum activities.
The definition of the marginal ice zone is disll
cussed in depth in Chapter 2 of the present white
paper.

This means that there will be no petroleum
activities in the marginal ice zone in the current
parliamentary period.

Environmental risk associated with oil spills

Oil and gas drilling and production entail a certain
risk of events that may result in acute pollution.
The 2011 white paper on the Barents Sea—Lofoten
management plan concludes that generally speakll
ing, the probability of major spills from petroleum
operations is low, and will remain low up to 2020
according to conservative estimates based on realll
istic predictions of the level of activity in the area.
Releases of gas have only limited adverse impacts
on the environment. To avoid any increase in risk
levels, measures can be taken to reduce the probll
ability of acute pollution and, in the event of an
incident, to limit the impacts. The possible envill
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Figure 3.10 Qil and gas activities in the Barents Sea.

Source: Norwegian Petroleum Directorate.

ronmental impacts of spills differ considerably
from one geographical area of the Barents Sea to
another and between seasons, just as they do in
other areas of the Norwegian continental shelf.
The consequences will depend mainly on the size
of the spill, the type of hydrocarbons released, and
when and where the spill occurs in relation to valll
uable and vulnerable areas and living marine
resources.

The potential consequences will be greatest if
a spill could affect areas where there are high conll
centrations of valuable species and habitats, such
as the marginal ice zone and coastal waters. In the
Barents Sea, spills in the open sea may also have
serious impacts, since there are high densities of
vulnerable seabirds in different parts of the sea
area at certain times.

Analyses carried out as part of the planning
process for exploration drilling in the Barents Sea
show that environmental risk is strongly associll
ated with the when and where large numbers of

Oil and gas activity in
the Barents Sea
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seabirds congregate in the open sea. For activities
nearer the coast, the highest environmental risk is
associated with the large seabird colonies on land
(including Bjerneya). At the most northerly sites
where exploration drilling has been carried out so
far (the Wisting wells, Apollo and Mercury), the
analyses show a certain probability of consell
quences in the marginal ice zone in the event of a
major oil spill during drilling at certain times of
year.

The established methodology for assessing
environmental risk needs to be adapted to deal
with special challenges such as how to calculate
oil drift in ice.

Safety considerations for petroleum activities in icy
waters

In winter, ice, prolonged darkness, low temperall
tures and polar lows are all typical of the northernl
most areas on the Norwegian continental shelf. In
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Figure 3.11 Winterised drilling rig. Transocean
Barents.

Source: Transocean.

summer, fog can be a problem. People working in
the Barents Sea have to contend with changeable
weather at all times of year. However, wind and
wave conditions become gradually better further
north and east in the area.

Oil and gas installations that are to be used in
the Barents Sea must be adapted to meet these
weather conditions. Installations and equipment
must be protected against the low temperatures
so that it is safe for people to work on board, a proll
cess known as winterisation. This ensures that
equipment and workplaces can operate as normal
even in the harsh winter weather. The most impor{l
tant step is to enclose parts of the installation, but
this means that the risk of gas accumulation and
explosions must be considered. Examples of winl]
terised equipment include insulation of pipes,
work clothes that are specially designed for low
temperatures and better lighting for the winter
darkness.

In the northernmost areas that have been
opened for petroleum activities, uncertainty about
the presence of sea ice poses special challenges.
The distribution of the sea ice is not static — it var[l
ies seasonally and from year to year. In addition,
ice is not just ice; there are many different types.
Because of their size, icebergs are a threat and
have the potential to cause serious damage.
Smaller pieces of ice may be remains of icebergs
or smaller ice floes that have separated from the
pack ice and are drifting southwards. Icebergs are
rather easier to detect than smaller pieces of ice,

which can be difficult to distinguish from the
water surface even though they are still large
enough to cause damage to installations and
equipment near the surface. Icebergs, smaller
pieces of ice and ice floes all constitute a real risk
to installations and to well control. In areas where
icebergs and sea ice may be encountered, good
strategies and tools for dealing with risk must
therefore be in place, for example:

— ensuring that reliable ice projections and forell
casts are available so that safe time windows for
operations can be identified;

— using robust methods for monitoring ice, so
that steps to make operations safe or to halt
them can be taken as soon as possible;

— towing away icebergs, smaller piece of ice or
ice floes that are on a collision course with an
installation;

— designing installations so that they can withl
stand collisions;
disconnecting and moving installations until an
iceberg has passed;

— using subsea installations for production, with
wellheads, Christmas trees and pipelines burll
ied in the seabed.

3.5 Preparednessandresponsesystem
for acute pollution and special
challengesrelating to operationsin
icy waters

Oil spill preparedness and response in Arctic conditions

We now have a good basis for assessing the spell
cial challenges relating to oil spill preparedness
and response system under Arctic conditions,
existing methods for dealing with oil in ice, and
the need for further development of oil spill
response technology. The Norwegian Coastal
Administration has drawn up an environmental
risk and emergency preparedness analysis for
Svalbard, Jan Mayen and Bjerneya, which uses
environmental risk as a starting point for evaluatll
ing the need for governmental preparedness and
response capability to deal with acute pollution
and major spills in icy waters.

The northernmost sea areas have little infrall
structure and limited telecommunications coverll
age and capacity: the availability of oil spill
response equipment and personnel is also limited,
there is a lack of sites where recovered oil and
waste can be deposited, and distances are long,
meaning that response times are also long if there
is an incident.
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Natural conditions will also affect oil spill
recovery operations — for instance the very liml[
ited daylight for part of the year, low temperatures
and the risk of icing on equipment, and the often
rapid shifts in weather conditions. The presence
of ice makes it considerably more difficult to deal
effectively with acute pollution. These conditions
mean that the methods and strategies, material
and vessels for dealing with oil spills need to meet
other requirements than those that apply in the
waters off mainland Norway. Finding efficient
logistics solutions will be a major challenge for all
types of operations in Arctic waters. Personnel
and material will need to be transported to and
from the area affected during an oil spill operall
tion, and recovered oil will have to be transported
out of the area unless it is burned off in situ. Oper(l
ational platforms including ships, aircraft and
drones must be robust and meet adequate safety
standards. It is essential to comply with health,
safety and working environment requirements for
response personnel during all types of activities.

It would be very demanding to carry out a
large-scale shoreline-cleaning operation in Svalll
bard because of the long distances involved and
the lack of resources and infrastructure on land.
Dealing with waste would be particularly difficult,
and it will be necessary to focus on techniques for
reducing waste quantities.

Existing methods for dealing with oil spills in ice

Practical experience of oil spill response operall
tions, including the recovery of oil released when
MS Godafoss grounded off the Hvaler archipelago
in the outer Oslofjord in winter 2011, indicates
that there are currently no adequate and effective
methods for dealing with oil in waters where ice is
present. There is considerable uncertainty about
the efficiency of the equipment that is available,
possible operational problems and the environ(
mental impacts of response techniques. Whenll
ever oil or chemical spill operations are organised,
possible response techniques must always be
evaluated to determine the methods that will
result in least environmental damage. The followll
ing methods may be appropriate for operations in
Arctic waters:

Mechanical recovery using conventional booms and
skimmers

Mechanical recovery involves collecting and conll
centrating oil using booms and then removing it
from the surface using various types of skimmers.

Mechanical recovery as close as possible to the
source of pollution is the primary strategy for the
governmental preparedness and response system
for acute pollution. Practical experience of
response operations shows that it is possible to
use conventional mechanical equipment even if
ice is present, but a drop in efficiency is to be
expected.

Chemical dispersion

Chemical dispersion involves applying a disper(l
sant, a chemical solution, to an oil slick to break
up the oil into small droplets. The oil droplets
spread and are diluted in the water column, and
are gradually broken down. The Government (the
Norwegian Coastal Administration) does not curll
rently maintain any chemical dispersion capacity.
The petroleum industry (the Norwegian Clean
Seas Association for Operating Companies,
NOFO) has dispersants and application technolll
ogy available to deal with spills on the Norwegian
continental shelf, but this has not been specifically
adapted for use where ice is present.

Simulations and development programmes
indicate that chemical dispersion can be an effecll
tive way of dealing with spills of diesel in cold conll
ditions and partial ice cover. Further research and
development is needed concerning the efficiency
of dispersion and its possible environmental
impacts.

In-situ burning

For in-situ burning, an ignition device is used to
start the burn. It may be necessary to concentrate
the oil using fire-resistant booms to ensure that
the slick is thick enough to burn. In-situ burning
has not so far been used during clean-up operall
tions in Norway.

The long distances, limited oil spill response
resources (equipment and personnel), the logistill
cal challenges involved in handling recovered oil
and with oil in ice are all arguments for dealing
with an oil spill on-site as far as possible. In-situ
burning can deal with relatively large quantities of
oil quickly and only generates moderate amounts
of waste. This may therefore be an appropriate
method. In recent years, R&D projects have
shown that in-situ burning can be effective in ice.
However, it also results in emissions of soot to the
Arctic environment. More knowledge and further
development of methods is needed, for example
as regards the environmental impacts of in-situ
burning.
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Shoreline clean-up

Shoreline clean-up is generally the most time-conl]
suming and resource-intensive part of an oil spill
response operation, and often requires protracted
efforts and a large workforce. If shoreline cleanll
up is required in Arctic areas, the limited availabill
ity of personnel and other resources over time and
factors such as the lack of daylight in the winter
months will make this an even more challenging
process than in other parts of Norway. Many
areas where oil might make landfall are inaccessill
ble and it can be difficult to go ashore. Special
safety assessments would therefore be necessary.
Dealing with recovered oil is also particularly difll
ficult in such areas.

Monitoring and remote sensing

Monitoring and remote sensing are used to obtain
the best possible information on where an oil spill
is at any time. This is essential for effective
response operations. It is particularly important
under Arctic conditions, where operations will
often have to be carried out in darkness, foggy
conditions and in icy waters. Data from remote
sensors makes it possible to deploy response
equipment and personnel to best effect. Using
remote sensing normally makes it possible to
treat or recover more oil. The Norwegian Coastal
Administration has new oil recovery vessels
equipped with infra-red cameras and oil spill
detection radar. These provide good capacity for
remote sensing, but have clear limitations in ice-
covered waters. The Coastal Administration’s surl]
veillance aircraft is also equipped with radar and
infra-red systems, and has sufficient range to fly
directly from the mainland to an oil spill in Arctic
waters. The aircraft has proved to be very valuall
ble during response operations. Considerable
advances are expected in surveillance and remote
sensing systems adapted for Arctic conditions. All
NOFO’s vessels on permanent stand-by are
equipped with oil spill detection radar and infrall
red sensors.

Need for further development of oil spill response
technology

The volume of shipping in areas north of the coast
of Finnmark and northwards to Svalbard is
expected to increase in the next few years, and
petroleum activities are expanding northwards.
New knowledge, products and technology will
therefore be needed to find solutions to the probl

lems involved in oil spill response operations in a
cold climate and icy waters. Solutions are needed
that will provide better capacity and be more
effective, and that will expand the window of
opportunity for operations, for example in terms
of light, visibility and temperature. It will also be
important to develop better methods of separating
oil and water, transport methods and logistical
solutions as support for response operations. The
logistical challenges also mean that there is an
even more pressing need for better technology
and knowledge about in-situ treatment of oil, for
example burning and chemical dispersion in ice.

The Norwegian Coastal Administration is
cooperating with NOFO on the Oil Spill Response
2015 programme. Projects focusing on oil spill
response in the Arctic, including topics such as
collection technology, dispersion, remote sensing
and in-situ burning, are of particular interest in
this technology development programme.

International cooperation on emergency preparedness
and response in the Arctic and the Barents Sea

As mentioned in Chapter 1, the Arctic Council has
a permanent Emergency Prevention, Prepared(l
ness and Response Working Group (EPPR). Its
goal is to contribute to the protection of the Arctic
environment from the threat or impacts of accill
dental releases of pollutants or radionuclides and
to deal with the consequences of natural disasters.
The members exchange information on best pracll
tices and carry out projects on topics including
the development of guidelines and risk assessll
ment methodologies, response exercises and
training. The EPPR is also responsible for mainll
taining the operational guidelines for the cooperall
tion agreement discussed in the next paragraph.
Current projects include developing a guide to oil
spill response in snow and ice conditions and a
searchable database of Arctic oil spill response
assets.

The Arctic states (Norway, Canada, Denmark,
Finland, Iceland, Russia, Sweden and the US)
signed the Agreement on Cooperation on Marine
Oil Pollution Preparedness and Response in the
Arctic at the Arctic Council ministerial meeting on
15 May 2013. The agreement establishes binding
cooperation on preparedness and response at
operational level between the member states of
the Arctic Council. It includes provisions on notifill
cation of oil pollution incidents and routines for
receiving and providing assistance. Operational
guidelines have been drawn up for the agreement.
The agreement strengthens the overall prepared(]
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Governmental preparedness and response

The Norwegian Coastal Administration has 16
oil spill response depots along the Norwegian
coast. They hold booms, skimmers, shoreline
clean-up equipment and emergency off-loading
units. Each depot has a staff of 10 and a supervill
sor. The locations of the depots and the types of
equipment stored there have been decided
based on the Administration’s emergency prell
paredness analysis, which includes calculations
of the probability and consequences of acute polll
lution along different stretches of coastline.
Most of the equipment is designed for use in
coastal waters.

The Coast Guard has 11 vessels and the
Coastal Administration owns six, and all of these
carry specialised oil spill response equipment.
The crews of the vessels have received training
in the use of the equipment in oil response oper(l
ations. The Coastal Administration also has conll
tracts for the use of 35 smaller vessels. These
are privately owned, but will be made available
to the Coastal Administration in the event of an
oil spill response operation. These vessels do
not normally carry oil spill response equipment,
but will use equipment from the depots if
deployed to an operation. The Polarsyssel, the
Governor of Svalbard’s vessel, is an important
resource for the preparedness and response sysl
tem for acute pollution in the waters around the
archipelago. The ship carries oil spill response
equipment during the part of the year when it is
in use around Svalbard.

The emergency tugboat service has four vesl
sels stationed along the Norwegian coast. These
are also privately-owned, and are contracted to
the Coastal Administration. The Varde VTS Cenll
tre can use the tugboats the traffic situation
makes it necessary. The primary task of the tugll
boats is to prevent vessels from drifting ashore.

Box 3.3 Preparedness and response to acute pollution

In addition to their own preparedness and
response resources, both the operators and the
Coastal Administration have access to additional
resources through agreements with other counll
tries and organisations.

Private preparedness and response

Through their own organisation NOFO, the
operating companies have access to 31 oil recovll
ery vessels that meet NOFO standards and 34
vessels suitable for towing in the open sea. In
addition, there are 25 ocean-going mechanical
recovery systems and 10 ocean-going oil disper(l
sion systems. One vessel carrying equipment
for both mechanical recovery and dispersion is
permanently deployed to the Goliat field. In
addition, three recovery and dispersion systems
are available at the Hammerfest base. If further
resources are required for operations in the Barfl
ents Sea, they must be obtained from bases furl]
ther south on the continental shelf and along the
Norwegian coast (Sandnessjoen, Kristiansund,
Mongstad, Stavanger). The current NOFO
standard for oil recovery vessels is from 2009
and does not include specific requirements for
adaptation or strengthening for operations in
ice. NOFO also has 63 oil recovery vessels for
coastal operations, 30 in Finnmark and 30 from
the Lofoten Islands (Vestfjorden) south to Stad
at 62°N. In addition, NOFO has the use of three
support vessels, four speed barges, and one
large and two small work barges. Recovery
equipment includes 25 coast and fjord systems
and various boom types, including absorbent
booms.

NOFO has also established an emergency
task force for shoreline cleanup, consisting of 40
people who can quickly be deployed to critical
areas with high-speed vessels and with the necll
essary equipment to limit damage along the
shoreline.

ness and response system and the joint capacity of
the Arctic states to respond to major oil spills in
the region.

At the ministerial meeting in Kiruna in 2013,
the Arctic Council decided to establish a Task
Force on Arctic Marine Oil Pollution to draw up a
plan for the Arctic Council’s contribution to prell
venting marine oil pollution in the Arctic. The

Task Force has drawn up a framework plan for
cooperation on prevention of oil pollution from
petroleum and maritime activities in the marine
areas of the Arctic, which is to be discussed at the
ministerial meeting in Iqualuit in April 2015.

In 1994, Norway and Russia entered into a
bilateral agreement on combating oil spills in the
Barents Sea. The agreement has been implell
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mented in the form of a joint contingency plan and der area between Norway and Russia, in June
annual joint exercises, the most recent of which 2014.
took place in the outer Varangerfjord, in the borll
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4 Measures for the conservation and sustainable use
of ecosystems

The purpose of the management plans is to pro-
vide a framework for value creation through the
sustainable use of natural resources and ecosys-
tem services in each sea area and at the same
time maintain the structure, functioning, produc-
tivity and diversity of the ecosystems.

In geographical terms, this update of the man-
agement plan for the Barents Sea-Lofoten area
focuses mainly on the northern/Arctic part of the
management plan area. The update includes a par-
ticular thorough account of the marginal ice zone
as a particularly valuable and vulnerable area, the
implications of climate change for environmental
status, and developments in human activities in
this part of the Barents Sea.

Climate change is currently the predominant
cause of changes that are influencing species and
ecosystems in this part of the management plan
area. Environmental status in the northern part of
the Barents Sea is generally good, but the shrink-
ing extent of the sea ice and declining seabird
populations are cause for concern. In future,
ocean acidification is also expected to have far-
reaching impacts on marine ecosystems.

At present, the most important human activi-
ties in the northern part of the management plan
are fisheries and maritime transport. Changes in
sea ice extent are opening up opportunities for
shipping to sail along new routes. Petroleum fields
in the Barents Sea South are already producing,
and new fields are under development and in the
planning phase. Exploration activity started 35
years ago and is continuing.

4.1 Continuation of the management
plan system

The management plans are a tool both for facilitat-
ing value creation and food security within sus-
tainable limits, and for maintaining good environ-
mental status. They clarify the overall framework
for different activities and encourage closer coor-
dination and clear priorities for management of
Norway’s sea areas. Activities in each area are

regulated on the basis of existing legislation gov-
erning different sectors. Through the system of
management plans, Norway has been at the fore-
front in developing an integrated, ecosystem-
based marine management regime. The plans are
a clear expression of Norway’s willingness and
capacity as a coastal state to ensure sound man-
agement of its marine areas.

An overall revision of the management plan for
each area will be based on a thorough scientific
assessment of business development, new knowl-
edge, monitoring results and other information on
long-term changes in ecosystems. An update of a
management plan has a more limited scope, deal-
ing with a restricted number of issues or part of
the geographical area of the management plan.
The Storting has previously agreed that the man-
agement plan for the Norwegian Sea is to be
revised by 2025 at the latest and the management
plan for the North Sea and Skagerrak at the latest
by 2030. The Government is basing its work on
this timetable.

The way scientific work on the management
plans is organised has recently been simplified
and made more effective to reduce the resources
used by the institutions represented in the Forum
for Integrated Marine Management and Advisory
Group on Monitoring, the two scientific groups
involved in the management plan work. Further
steps can be taken to simplify routines and make
them more effective to ensure appropriate use of
resources and organisation of the work.

The Government will:

— Continue to use the system of management
plans for sea areas.

— Submit a white paper on revision of the man-
agement plan for the Barents Sea-Lofoten area
in 2020.

— Initiate work by the Forum for Integrated
Marine Management on a scientific basis for
the revision during the current parliamentary
period.

— Update the management plans as needed.
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4.2 The marginalice zoneasa
particularly valuable and
vulnerable area

The combination of high biological production
and high biodiversity in the marginal ice zone led
to its identification as a particularly valuable and
vulnerable area. It is delimited using the line
where ice is present on 30 % of the days in April,
based on ice data for the latest 30 years. No petro-
leum activities are to be started up in the marginal
ice zone. Recent sea ice data show that the
updated delimitation of the marginal ice zone does
not overlap with areas that have been opened for
petroleum activities.

The Government will:

— Continue to use the present definition of the
marginal ice zone as a particularly valuable and
vulnerable area, using the line where sea ice is
present on 30 % of the days in April to delimit
the boundary. This delimitation is to be based
on ice data for the 30-year period 1985-2014.

— Carry out the next update of the delimitation of
the marginal ice zone as a particularly valuable
and vulnerable area in connection with the revi-
sion of the management plan for the Barents
Sea-Lofoten area in 2020.

4.3 Knowledge building

A sound knowledge base is essential for the fur-
ther development of Norway’s marine manage-
ment system. By strengthening basic knowledge
about marine ecosystems, we intend to maintain
and further develop Norway’s role as a knowl-
edge-based maritime nation and a responsible
steward of the seas. Sustainable management is a
necessary basis for value creation from marine
resources.

Climate change, pollution and a general rise in
the level of activity in marine areas means that
more knowledge is needed about pressures on

marine ecosystems and how we can ensure that
ecosystems are resilient. We need more knowl-
edge to understand the consequences of environ-
mental and climate change for Arctic ecosystems,
and in order to set an appropriate framework for
expanding commercial activities. Marine research
is in itself an important part of Norway’s presence
in the High North.

The Government will:

— Assess how it is most appropriate to coordinate
and strengthen knowledge building about the
ecosystems in the Arctic part of Norway’s
marine areas. Research on the implications of
climate-related changes in Arctic marine eco-
systems must be included.

— Continue the work of mapping of the seabed
under the MAREANO programme.

— Continue environmental monitoring of Nor-
way’s sea areas.

— continue to develop the monitoring and infor-
mation system BarentsWatch.

4.4 Strengthening international
cooperation on conservation and
sustainable use of the Arctic
marine environment

Cooperation across national borders is essential
for achieving good environmental status in sea
areas that are shared between countries, such as
the Barents Sea and the Arctic Ocean.

The Government will:

— Strengthen cooperation with the other Arctic
states, including cooperation in the Arctic
Council.

— Continue cooperation with Russia on the
marine environment with the goal of develop-
ing an ecosystem-based management regime
on both sides of the delimitation line in the Bar-
ents Sea.
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5 Economic and administrative consequences

Work on the management plans will be carried out
within the existing budget framework for the min-
istries involved. Simplified procedures for this
work are expected to result in more effective use
of resources. Follow-up of measures that require
allocations will be considered by the Government
in the ordinary budgetary processes, and pre-
sented in the budget propositions of the ministries
concerned.

The Ministry of Climate and Environment
recommends:

that the Recommendation from the Ministry
on the update of the integrated management plan
for the Barents Sea—Lofoten area including an
update of the delimitation of the marginal ice zone
as a particularly valuable and vulnerable area
should be submitted to the Storting.
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