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The information and views set out in this report are those of the authors and do not necessarily reflect

the official opinion of the Commission. The Commission does not guarantee the accuracy of the data

included in this study. Neither the Commi ssion nor any person
be held responsible for the use which may be made of the information contained therein.
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Summary

Observations in the marine area are generally made with a specific purpose in mind. Costs can be
reduced and marine knowledge improved when data are reused for multiple purposes. The EU is now
actively moving towards this new paradigm. The Arctic Sea Basin Checkpoint (SBC) project addresses
the availability of datasets, i.e. data provided in a coherent set from a specific source, describing a
specific parameter (for instance temperature, salinity, bird behaviour, etc.), and will evaluate the
quality and adequacy for multiple purposes in the Arctic.

The Arctic SBC is comprised of Work Packages (WPs) in the form of a literature review (WP1) and

challenges (WP2 -WP12). The literature search was perform ed with the objective of identifying datasets
used in those documents and to evaluate whether the datasets are adequate for the purpose(s) of

those documents. Each challenge is designed such that it addresses data availability and adequacy for

a specific a dditional purpose, e.g. wind farm siting or assessing riverine input. The overarching

objectives of this project are to examine the current data collection, observation, surveying, sampling

and data assembly programmes in a sea basin, analyse how they can be optimised and deliver the
findings to stakeholders through an internet portal. As part of the Arctic SBC project, a structure for
collecting information on data adequacy was developed: the Content Management System (CMS).

The document at hand describes the Data Adequacy Report (DAR) therewith providing a view of the
monitoring effort in the Arctic sea basin, with the aim to show how well the available marine data
meets the needs of users. The monitoring effort is elaborated from three different viewpoin ts, which
are clearly distinguished in three parts:

1) the needs of users (e.g. fisheries managers, coastal protection authorities, ports);

2) separate parameter s (e.g.temperatu re, bathymetry, sea  level rise);

3) the purposes for which data is used (e.g. marine sp atial planning, assessment of

(potential) MPAs, assessment of navigational risks)

The 625 documents identified by the literature review and registered in the CMS were used as input
for this DAR. Another source of input was the challenges. This report wil | be reviewed by the
Commission and the Panel (WP14). The feedback and comments, including any other new information,
will be addressed in a second DAR.

The structure of the CMS allows for the presentation and analysis of the adequacy from many different
angles and perspectives, of which the main are presented in this DAR.

In general we have found that the datasets that are available and have been evaluated in the present

study u sually have a quality that has a limited match with the requirements for the purpose for which

it is used. For the spatial and temporal aspects, in most cases there was an association between the

quality (i.e., resolution and coverage) and data requirement s (match of quality for a specific purpose).
As (for at least most  challenges in the present project) the focus is on the entire Arctic region, a

partial mismatch can be expected for many European data sources (such as EMODnet) which only

focus on the Euro pean part of the Arctic. Only a small fraction of datasets were classified as unsuitable

for specific purposes.

Within the scope of this study we identified some data sources and data sets that are particularly

6popul ard for Arcti c iasasestbattbosewdtasetsare rewsed. Itwas dlsa found

that the original purpose for which data was generated is often not reported or not known. In case the
purpose is known, data sources and data sets  are often (re)used for the same purpose. For some

original purposes, the datasets are reused for multiple additional purposes and some additional

purposes use data generated with multiple original purposes.
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Distinction between the purpose s of data use provides more contrast in data quality requirements (i.e.
adequacy) then distinction between data user types. This makes the analysis from the first perspective
more valuable than the latter.

As adequacy evaluations become more meaningful whe n a dataset is evaluated multiple times (i.e.

getting the perspective from multiple assessment reports), the CMS will become more powerful on the
condition that it is kept up to date and new data adequacy evaluations are continuously added. To

some exten t this will be achieved in the second DAR. However, continuing maintenance and

supplementing of the CMS beyond the project could further strengthen the evaluation of dataset

adequacy.
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Acronyms and definitions

The present report requires a good understanding of specific definitions and acronyms. A list of those
is therefore provided in this chapter.

Additional purpose The purpose for which a dataset is used in an assessment report (see also
6ori iumglosed)

Adequacy The adequacy (or a set of indicators reflecting adequacy) of a dataset used
for a specific purpose (of an assessment report).

Assessment report A technical report or peer reviewed publication that describes the assessment
of the state, exploitation or change of the marine environment or parts
thereof.

Challenge A challenge addresses the  data availability and adequacy for a specific
purpose, e.g. wind farm siting or assessing riverine input . Challeng es are
part of Sea Basin Checkpoint project s

CMS Content Management System . An online system which is part of the Arctic

Sea Basin portal, in which data sources, dataset s, assessment reports and
parameters can be registered, including relations between these aspects.

DAR Data Adequacy Report. In this report the adequacy of dataset s is described.

Dataset Data provided in a coherent set from a specific source, describing a specific
parameter (for instance temperature, salinity, bird behaviour, etc.)

Data source The source (e.g. data portal) from which a dataset is made available. This
can for instance be an organisation or an initiative.

MPA Marine Protected Area.

Original purpose The purpose for which a dataset was originally produced (see also 6addi ti onal
purposed)

Parameter A specific aspect describing the state or change of the marine environment

(for instance temperature, salinity, bird behaviour, etc.). The common P02
vocabulary developed for SeaDataNet ' is used and extended where

necessary.

P02 A controlled vocabulary from SeaDataNet ' used to describe parameters.

P03 A controlled vocabulary from SeaDataNet ! used to describe parameter
groups.

Quality The intrinsic quality (or indicators reflecting the quality) of a dataset .

SBC Sea Basin Checkpoint .

WP Work Package .

! http://seadatanet.maris2.nl/v_bodc_vocab_v2/search.asp?lib=P02
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1 Introduction

1.1 Background

Long term sustainable economic growth is the highest priority in the EU at the moment. One of the

key drivers of sustainable growth is the concept of O6smart gr
economy based on knowledge and innovation. The marine and maritime sector or Oblue econ
identified in a public consultation as having great potential and making a major contribution towards

meeting Europe 2020 objectives. Again, a lot of emphasis was put on the importance of innovation. A

strong, freely accessible knowledge base is conditionally for innovations . Both the private and public

sector need to contribute to and use the system. Knowledge management becomes therefore more
important than ever.

Observations in the marine area are generally made with a specific purpose in mind. For example,
bathymetry is surveyed to ensure safe navigation, fish are sampled to estimate the size of the stock
and pollution concentration is measured to meet regulations on bathing water or agriculture
production. Costs can be reduced and marine knowledge improved when data are reused for multiple
purposes, other than what they were generated for. Once the direct link between the collection of data
and its application is broken, it becomes hard to determine what the prior ities are for monitoring and
who should monitor what. The EU is now actively moving towards the new paradigm , where data are
collected once and are used for many purposes

1.2 EMODnet

In order to achieve the goals of the blue economy the EU has taken initiatives to improve the
collection and accessibility of marine data. Already in 2007 the EU developed the principal of a
European Marine Observation and Data Network (EMODnet) which would centralise European marine
data according to one standard. The ra tionale behind a centralised network of data is to:

1  Collect data once and stimulate its reuse

Develop standards across disciplines as well as within them

1  Process and validate data at different levels. Structures are already developing at national
level, b utinfrastructure ats  ea basin and European level is needed.

1  Provide sustainable financing at an EU level so as to extract maximum value from the efforts
of individual Member States

=

9 Build on existing efforts where data communities have already organized th emselves

1 Develop a decision -making process for priorities that is user -driven

1 Accompany data with statements on ownership, accuracy and precision, and

1  Recognise that marine data is a public good and discourage cost -recovery pricing from public
bodies.

1.2.1 Thematic portals

EMODnet has eight thematic portals
1 Biology , data ontemporal and spatial distribution of species abundance and biomass from
several taxa: http://www.emodnet -biology.eu/portal/index.php;
1 Chemistry , data on concentrations of nutrients, organic matter, pesticides, heavy metals,
radionuclides and antifoulants in water, sediment and biota: http://www.emodnet -
chemistry.eu/;
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1 Physics , data onsa linity, temperature, waves, currents, sea level, light attenuation, and

Ferry Boxes: http://www.emodnet -phys ics.eu/map/;

1 Geology , data on seabed substrate, sea floor geology, coastal behaviour, geological events,
and minerals: http://www.emodnet -geology.eu/geonetwork/srv/dut/catalog.search#/home;

1 Bathymetry , data on water depth, coastlines, and geographical loca tions of underwater
features (wreck):  http://www.emodnet  -bathymetry.eu/ ;

 Seabed Habitats , data on modelled seabed habitats, based on seabed substrate, energy,
biological zone and salinity: http://www.emodnet  -seabedhabitats.eu/ ;

T Human activit  ies, data on the intensity and spatial extent of human activities at sea:
http://www.emodnet ~ -humana ctivities.eu/view -data.php ;

1 Coastal mapping , building a joint European coastal mapping programme: http://coastal -
mapping.eu/.

1.2.2  Checkpoints

The European Commission  has initiated the Sea Basin Checkpoints (SBC , associated to EMODnet ) to
determine gaps in data  and observation systems and priorities for an observation system that

supports the delivery of sustainable growth and innovation. The Marine Knowledge 2020 concept of

sea basin checkpoints was introduced within the "Marine Knowledge 2020" Communication an d refined
in the Roadmap, where each sea basin is studied in separate projects. The overarching aim is to

support the deployment of a marine observation infrastructure that offers the most effective support

to the blue economy. The cost Zffectiveness, reli  ability and utility of the existing monitoring

infrastructure are to be assessed by developing products based on these data and determining

whether the products are meeting the needs of industry and public authorities.

There are Sea Basin Checkpoint proj ects for the following basins:
North Sea (www.emodnet.eu/northsea/home)
Mediterranean Sea (www.emodnet -mediterranean.eu)
Atlantic Ocean (www.emodnet  -atlantic.eu)

Baltic Sea (www.emodnet  -baltic.eu)

Black Sea ( www. emodnet -blacksea.eu)

Arctic Ocean (www.emo  dnet -arctic.eu)

= =4 —a -8 -—a -a

Sea Basin Checkpoint projects include several challenges addressing data availability and adequacy for
a specific additional purpose, e.g. wind farm siting or assessing riverine input. The outcome of these
challenges will be included in a Data Adequacy Report (DAR). The report at hand is the DAR of the
Arctic Ocean Sea Basin Checkpoint (the Arctic SBC, see section 1.3).

1.3 The Arctic SBC project

The Arctic SBC is comprised of seventeen Work Packages (WPs) in the form of a literature review
(WP1) , and the challenges (WP2-WP12), website development (WP13), panels and stakeholder
workshops (WP14 and 16), the DAR (WP15) and the project management (WP17) . As the title of this
report suggests, this report will focus on the DAR (WP15) and therewith also the challenges (WP2 -
WP12).

Each challenge is designed such that it addresses data availability and adequacy for a specific
additional purpose , e.g. wind farm siting or assessing riverine input . The overarching objectives of this
project is to examine the current data collection, observation, surveying, sampling and data assembly
programmes in a sea basin, analyse how they can be optimised and deliver the findi ngs to
stakeholders through an internet portal. This is done by:

1 a clearer view of synergies between different monitoring, observation and data collection
programmes;

1 an identification of how well the present data collection, monitoring and surveying
programmes meet the needs of users;
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1 an identification of gaps;

1 aview of where new technologies will allow faster, quicker and more accurate
observation;

M an understanding of required temporal or spatial resolution of data products such as
bathymetry or marine sediments;

1 contribut ing to the identification of priorities both in terms of creation of new data and in
making existing data more available and usable. It will also help the Commission to
determine priorities in the context of the "Marine Knowledge 2020" initiative. It follows a
request for such a process in the public consultation on "Marine knowledge 2020" ;

M assessing how well all available marine data meets the needs of users.

The objective of this Data Adequacy Report (DAR) is described in the following section

1.4 Objective

For the DAR presented here, the objective is to contribute to the main aim of the project by reporting
how well all available marine data meets the needs of users.

The availability and adequacy of monitoring data is elaborated from two different viewpoints, which
are clearly distinguished in two parts (Figure 1):

1) Looking at the needs of users - fisheries manager s, coastal protection authorities, national
authorities responsible for marine Strategy Framework Directive, ports, shipping, offshore
energy exploration, pipeline laying etc.

2) Looking parameter by parameter | water temperature, currents, nutrients, etc.

For each parameter the data adequacy is described . Adequacy is also described per purpose in
the main text and adequacy per specific dataset is included as Annex.

As described previously, SBC projects include several challenges addressing data availabili ty and
adequacy for a specific additional purpose, e.g. wind farm siting or assessing riverine input. The
outcome of these challenges will be included in this DAR. This DAR is further based on the literature

survey (WP1) conducted within the Arctic SBC (De Vries etal.,, 2016) . The report will be reviewed by
the Commission and the Panel (WP 14). The feedback and comments, including any other new
information, will be addressed in a second DAR.
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WP 15: Data adequacy reports

Figure 1.

Outline of all relevant elements
relationship s. Note: this outline only serves to illustrate
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2 The Arctic Sea Basin

2.1 The definition of the Arctic Ocean

The Arctic Ocean, as defined in the CIA fact book (which is also used for this study) , includes Baffin
Bay, Barents Sea, Beaufort Sea, Chukchi Sea, East Siberian Sea, Greenland Sea, Hudson Bay, Hudson

Strait, Kara Sea, Laptev Sea, Northwest Passage, and other tributary water bodies. This falls within

the Arctic region, that can either be defined as the area above the Arctic Circle at approximately 66°

34' N (see dashed blue line in Figure 2) or as the region with an a verage temperature below 10 °C (50
°F) in July (see red isotherm in Figure 2). The Arctic region consists of an ocean surrounded by land.

The following states surroun  d the Arctic Sea Basin: United States, Canada, Iceland, Greenland

(Denmark), Norway, Sweden, Finland and Russia.
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Figure 2. The Arctic region, defined as the area above the Arctic Circle (dashed blue line) or the
area north of th e red isotherm, with all territory to the north having an average temperature of
less than 10 °C (50 °F) in July ( https://en.wikipedia.org/wiki/Arctic_Ocean ).
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2.2 Abiotic environment

2.2.1 Climate

The Arctic region experiences long and cold winters and short and cool summers. Within the Arctic

Circle the sun disappears during the winter months and continuously shines during summer. The

ocean water controls the temperature of the Arctic climate in co astal areas: in winter the ocean water

(with a minimum temperature of -2 °C) prevents the air to cool down to extreme low values, whereas

in summer the ocean cools the air preventing high temperatures. This moderating effect is stronger in

summer than in w inter as extended sea ice in winter can form an insulating layer preventing heat from

the ocean from escaping to warm the air. Average January temperatures range from about -34°Cto0
°C and average July temperatures range from about -10to +10 °C.

2.2.2 Bath ymetry

The Arctic Ocean consists of shelve seas and a deep Arctic Ocean Basin with mountain ridges and
depthupto5km (  Figure 3). The shelve seas are found on the Ca nadian and Russian sides of the
Basin. The Lomonosov Ridge divides the Arctic Ocean Basin into two basins: the Eurasian Basin

(4,000 -4,500 m deep) and the Amerasian Basin (about 4,000 m deep). The average depth of the

Arctic Ocean is 1,000 m, with a maximu m depth of 5,450 m.
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Bathymetric and topographic Snis
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Figure 3. Bathymetric map of the Arctic Ocean
(http://www.ngdc.noaa.gov/mgg/image/IBCAO_betamap.jpg ).

2.2.3 Water movement

2231 Currents

The Arctic Ocean connects to both the North Pacific through the Bering Strait, and the North Atlantic
through the Greenland Sea and Barents Sea. Pacific water enters the Arctic Ocean via de Bering Strait,
whereas Atlantic water reaches the Arctic Ocean mai nly via the Fram Strait, between Greenland and
Svalbard, and via the Barents Sea ( Figure 4). The dominant currents in the Arctic Ocean are the
Beaufort Gyre, with aw  ind -driven clockwise circulation, and the transpolar drift, transporting sea ice
from the East Siberian Sea and Laptev Sea towards the Fram Strait.
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——3 Atlantic currents
— Other currents 1: West Spitsbergen Current

Figure 4. Predominant surface ocean currents in the Arctic (AMAP, 1998).

2232 Mixing of water and stratification

The Arctic Ocean is composed of different water masses. Figure 5 sketches the different water masses
along a vertical section from Bering Strait over the geographic North Pole to Fram Strait. Most of the
Arctic Ocean has a top layer with a relative low salinity and low temperature (Polar Mixed Layer). This

layer is fed by fresh water from rivers in Russia and Canada. On the European side of the Arctic
Ocean, more saline surface waters enter from the Greenland and Barents Seas. The Pacific derived

waters are fresher, and therefore lighter, than the North Atlantic waters, so the water properties

across the Arctic Ocean integrate these two extre mes. The Arctic deep water is very dense and is
composed of cold Arctic shelf water that sinks to the bottom and Greenland Sea Deep Water. As the
stratification is stable, deeper water masses are more dense than the layers above.

75°N 80°N 85°N 90°N ) 85°N
Polar Mixed Layer

Pacific Halocline

Bering
Strait Fram
Strait
3000m Alpha Ridg
Nansen
Gakkel Ridge
Ridge

5000m

Figure 5. Distribution of the major water mass in the Arctic Ocean.
(https://en.wikipedia.org/wiki/Arctic_Ocean).

2.2.33 Great Conveyer

In the oceans there is constant motion in the form of a global ocean conveyor belt (see Figure 6). This
motion is caused by a combination of thermohaline currents in the deep ocean and wind -driven
currents on the surface. Warmer water is less dense and remains at the surface, while cold and salty

water sinks tot bottom of the ocean.

This process begins in European waters with deep water formation off the eastern coast of Greenland,

where saline water derived from the Gulf Stream cools and evaporate s to create water dense enough
to sink t o the ocean bottom. As more warm water is transported north, the cooler water sinks and

moves south to make room for the incoming warm water. This cold bottom water flows south of the
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equator all the way down to Antarctica. Eventually, the cold bottom wate rs retur n to the surface
through mixing and wind  -driven upwelling, continuing the conveyor belt that encircles the globe.
Monitoring of Denmark Strait and Faroe - Shetland Channel indicates this process of deep water
production is slowing (Dickson and Brown 1994, Dickson etal., 2002) and the surface waters are
freshening (Reverdin 2014). Overturning in the North Atlantic is now known to be slowing with more

of the northward Gulf Stream water recycling within the North Atlantic subtropical gyre and less in th

North Atlantic Deep Water (NADW) (Bryden etal,, 2005), but deep understanding of the variability is
lacking.

Figure 6. The ocean conveyor moves water around the globe (oceanservice.noaa.gov).

2.24 Seaice

The Arctic Oceanis coveredwitha 1 -4 m thick sea ice layer with 1 m ice layer being relative freshly
formed and 4 m thick ice layer being of multi -annual age. In winter the sea ice coverage grows,
whereas in summer it shrinks again. Due to climate warming both sea ice exten t (coverage) and
volume are decreasing ( Figure 7). Sea ice extent has been decreasing since the 1970s and appears to

be accelerating, potentially related to changes i n the melting season (Stroeve etal.,, 2007, Stroeve

al., 2014, Xia etal., 2014). In the Climate Change challenge changes in average ice cover, average
extent of ice coverage, total ice cover in sea and mass of ice lost from Greenland are addressed (see
section 6.5).

January Northern Hemisphere Sea Ice Extent (1979-2016)

Figure 7. Monthly January ice extent for 1979 to 2016 shows a decline of 3.2% per decade
(National Snow and Ice Data Center).
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2.2.5 Rivers and coast

Rivers form an important link between the land and the oceans. They discharge (fresh) water, loaded
with sediment and nutrients, into the seas and are home to both migratory fish species that depend
on theriverd uring part of the ir life cycle.

The Arctic Ocean receives a large amount of fresh water from rivers compared to other oceans. The
major river basins in the Arctic Ocean are the Ob, Yenisey and Lena in Russia, and the Yukon and
Mackenzie in the USA ( Figure 8).

The river inputs challenges (see section 6.9 ) addresses the annual inp  uts to the Arctic Ocean of water,
sediment, total nitrogen, phosphates, and migration of salmons and eels.

e
/\\Q{
Arctic Monitoring and Assessment Programme
AMAP Assessment Report: Arctic Pollution Issues, Figure 2:15
Yukon River
210 kmdy
Kolyma
132 kmy
Mackenzie
Lena
333kmIY 505 kmapy
Yenisey
603 kmdly
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404 kmfy Pechora
140 KMy
Northern Dvina
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Discharge
Watershed
Catchment areas
Figure 8. Arctic Ocean watershed and catchment areas of some rivers and annual run - off
(km3ly) of major rivers to the Arctic Ocean (AMAP, 1998).

2.3 Biotic environment

2.3.1 The Arctic ecosystem

The Arctic houses a wide variety of species that are adapted to extreme conditions and are unique.

The region is characterised by high seasonality with a long dark winter, an extended perio d of
continuous daylight during summer and a brief spring and autumn season. This results in a short and

strongly coupled grow season for species living in the Arctic. Energy transfer of key species within a

food web can be followed through the season. Som e of the species are directly connected to and/or
dependent on the presence of floating ice, such as ice algae and bearded seals. Figure 9 show s an
overview of the ma  rine food -webs in the Arctic.
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Figure 9. A schematic overview of marine food -webs in the Arctic (AMAP, 2012).

2.3.2  Primary production

In the Arctic area, phytoplankton is essential for primary production and serve s as the base of the
marine food web. Both the presence of nutrients and light availability limit primary production, giving

the Arctic area a distinct seasonal character. Upwelling of warm nutrient -rich Atlantic water is one of
the key factors driving prim ary production. The primary production season is constrained by snow and

ice cover, low light angles and a relatively short season.

The Cli mate Change challenges (see section 6.5) addresses the primary production of the region by
expressing the abundance of the three most abundant species of phytoplankton in time series.

2.3.3 Invertebrates

There are about 5000 known Arctic marine invertebrates, of whic h more than 90% live on or near the
sea floor (benthic invertebrates). About 400 deep -sea species are know n, and future deep -sea
sampling might reveal more presently unknown species. Dominant groups are crustaceans, molluscs,

annelids and bryozoa.

The gro wth and survival of the benthic invertebrates is restrained by food supply, and not by low
water temperature. Species richness of invertebrates is highest in the Chukchi Sea, Barents Sea and
Kara Sea. In these areas the benthos receives large food in put fr om the water column.

2.3.4 Fishes

The Arctic Ocean is home to about 240 species of marine and diadromous fishes. Most Arctic Ocean
marine fishes are benthic or demersal, living on or closely associated with the bottom. Few are

pelagic, freely moving about in th e water column. The dominant Arctic fish families are cods, eelpouts,
snailfishes, sculpins, and salmonids. One of the key species in the Arctic is the Arctic cod (Boreogadus
saida ), because it is a critical link between lower trophic levels (copepods and under -ice amphipods)

and birds, seals, and whales. The Arctic cod is the most northerly distributed gadid, occurring roughly
between 60°N and the North Pole, nearshore as well as offshore.
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2.3.5 Marine mammals

Twelve species of Arctic marine mammals are either r estricted to or dependant on the Arctic: polar
bear, walrus, four species of whales (bowhead whale, grey whale, narwhal, beluga) and six species of
ice-associated seals (bearded seal ( Figure 10), ribbon seal, ringed seal, spotted seal, harp seal,
hooded seal). Several additional species (e.g. sperm whales, blue whales, fin whales, humpback

whales, killer whales, harbour porpoise) are spotted occasionally or even regularly within marginal
waters of the Arctic.

- —
Figure 10. A bearded seal on floating ice in Kongsfjorden, Svalbard (© Martine van den Heuvel -
Greve).

2.4 Human activity

2.4.1 Introduction

About 4 million people live in the Arctic region. Ten % of these are indigenous to the region,
representing over 40 different ethnic groups. During the middle of the last century population growth
increased rapidly due to immigration because of the discovery of natural resources. Most of the people
are g athered in relative large settlements, whereas indigenous communities are more widely
scattered. More recent population growth in the Arctic has ceased and even decreased in some areas,
such as Russia.

Retreating sea ice in the Arctic opens up possibilit ies for increased human exploitation of the Arctic
region. Especially shipping, fisheries, tourism, oil and gas exploitation and mineral extraction may
increase in the future.

2.4.2  Shipping

Potential impacts from shipping are: the release of oil through accide ntal or illegal discharge, ship
collisions with  marine mammals, the introduction of alien species, disruption of migratory patterns of

marine mammals, increased anthropogenic noise and increased atmospheric emissions (e.g. of bla ck
carbon i BC).

Shipping is one of the main vectors for invasive species to the Arctic. The polar regions (Arctic and the
Southern Ocean) are the least by non -indigenous species invaded realms of the world (Molnar etal.,
2008). The relative absence of transport vectors a nd the low temperatures are important factors for

the relative ly limited introduction of non -indigenous species to the Arctic ecosystem. However, due to
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the melting of Arctic sea ice the north Pacific became connected to the north Atlantic ocean, resulting

in new economic opportunities (shipping routes, sea mining). With these intensified economic

activities, the risk of introducing exotic species in the Arctic sea increases. The rapid changes in the

Arctic m arine ecosystems related to climate change makes the system more vulnerable to invasive

alien species (Norden 2014). Aquatic alien species can be found all over the globe and can cause

serious problems such as harming native species, harming ecosystems and harming animal health, as
well as posing a threat to public health, safety and economy (Crowl etal., 2008; Pimentel etal., 2005;
Schiphouwer etal.,, 2012; Vander Zanden etal., 1999; Wilcove etal., 1998). In the Arctic Ocean
various alien species have been reported, such as the king crab and the snow crab, various species of
microalgae, macro algae, molluscs and fish. As alien species can pose a serious threat to the marine

ecosystem in many different ways, they have been included specifically in the Eu ropean Marine

Strategy Framewor k Dir ect i-lmdgenbub Bpeaes intpduaed by Bumanfadlivties

are at |l evels that do not adversely alter the ecosystemo) and
many different organisations and governments (Ojaveer etal., 2013).

The Bathymetry challenge (see section 6.10 ) addresses the indication of are as for surveying for safer

navi gation taking in  to account emerging needs. The Alien Species challenge (see section 6.11)

addresses the alien species and pathways of introduction, and impacts on e cology and economy.

2.4.3 Oil &gas

In 2008 the United States Geological Survey estimated that the Arctic regions contain 13 per cent of

the worldés remaining oil and 30 per cent of its gas. More th
resources are expected to b e present in five provinces: Arctic Alaska, Amerasia Basin, East Greenland
Rift Basins, East Barents Basins, and West Greenland i East Canada. It is further estimated that

approximately 84% of the undiscovered oil and gas occurs offshore.
Oil is already ex tracted in the Arctic region, most of them from onshore locations or in shallow sea

areas ( Figure 11). The Qil platform leak challenge (see section 6.4 ) tests the preparedness of
operational tools for forecasting the effects of an oil spill.
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Figure 6.1: Main Oil and Gas Areas, Mining Sites and Sea-Ice Extent in the Arctic
Source: Arctic Portal, based on Nordregio; Johanna Roto and José Sterling, 2011, www. qi 'Map: Ei gy

Figure 11 . Main oil and gas areas and mining sites in the Arctic
(http://www.arcticinfo.eu/images/Sada/Maps/map8.jpg)

2.4.4 Fisheries

Fisheries are a key industry across the Arctic (Strategic Assessment of Development of the Arctic,

2014) . Compared to regions such as the North Sea and Celtic Sea, they are based on rela tively few
fish species located in rich marine ecosystems in the low and sub -Arctic. The fisheries  management in
the Arctic sea basin is only partly covered by regional fisheries management organisations (RFMOSs),

but Arctic countries have well -established resource management regimes, including collection and

analysis of data required for fisheries management.

Fishing impact is interpreted as any disturbance of the seafloor of fishing vessels operating mobile

bottom gear, as predefined in the project call . There are several ways to estimate the level of seafloor
disturbance depending on the information available. With increasing dependency on more

sophisticated information and methods the relevance and accuracy of the indicator(s) increases. The

simplest and probably least accurate description is based on the capacity and effort of the vessels

operating in the Arctic region combined with some categorization of the métiers in terms of their

impact on the seafloor thereby allowing a transformation of the fishin g effort into a capacity - or effort -
based measure weighted by seafloor impact. The assumption here is that there is a relationship

between the capacity (number of vessels) or effort (usually kWdays) and fishing impact. The rationale

is that vessels that us e heavier gear (e.g. beam trawl) or larger gears (e.g. multiple combined pair

trawls) will need more engine power to haul their nets through the water and over the sea floor, thus

causing an increased impact on the seafloor. This method can work across ver y different metiers and
fisheries types as long as they are mobile (towed) gears. Gill nets, fykes, potting and creeling cannot
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be measured in the same way but have only minimal impact on the seabed so are not considered here

as contributing to any fishing impact on the seafloor. While this is often applied as a best proxy for

fishing impact in data  -limited situations it is known for its potential for bias and lack of accuracy.

Moreover, the spatial resolution of this type of information is usually low (i.e . regional or at best ICES
rectangles as is required for logbook data).

More sophisticated but also more accurate indicators for seafloor disturbance are proposed by the

Data Collection Framework (DCF) but these require high resolution data such as coming from Vessel
Monitoring System (VMS) which, although collected by each member state as part of their DCF

obligation are not readily available due to privacy issues. Data from fishing fleets in Europe has

traditionally been collected by the state where the fish is landed and depending on the state various
data collection programmes have been in place for many years. Over the last 20 years the EC has

been working to bring these data collection programmes into a standardised format. This process

cumulated int he establishment of the Data Collection Framework (DCF) in 2009. The DCF was

developed to standardise fisheries data across the EU and ensure that member states operate fisheries

data collection programmes that will meet the objectives of the common fisher ies policy (CFP).
Member states are now required to compile a wide range of biological and ecological data including the

relevant data for this challenge, i.e. biological data for landings by area and species and stock related

data from sampling programmes . Each of the nations involved in fishing in the North Sea are either

bound by the EC fishing regulations or have agreements to follow similar reporting processes. Vessels

over 15 meters must carry VMS and produce logbook data on all fishing activities. Ve ssels under 12
meters (10 meters in UK) are considered inshore vessels and do not need to report landings. However

the ir catches are instead recorded by the registered fish traders who purchase at first sale. In most

countries vessels over 15m operating in the North Sea are also required to carry VMS equipment that
records their locations periodically. This data is held by the flag state of the vessel and is often subject

to data protection regulations. VMS data, however, has complications in that VMS data from specific
vessels come under the data protection act and need the permission of the vessel owner for their use.

This means that even if VMS data exists it may not be available for general use.

The challenges on Fisheries Management (see section 6.7 ) and Fisheries Impact (see section 6.8)
adress the catch effort, landings and impa cts of fisheries.

2.45 Tourism

Arctic tourism is a popular and rapidly -growing industry that is expanding in terms of tourists, tour

operators, diverse recreational pursuits, geographic scope, and seasons of use. Advanced ship

technologies together with improv ed marine charts and navigational aids have allowed cruise ship

travel to increase. The growing tourism industry presents both opportunities and challenges:

opportunities to increase awareness of Arctic environmental issues and support for conservation, wh ile
providing a sustainable income source for northern communities; and environmental and cultural

problems if tourism does not take these issues into account. To address these issues, the World Wide

Fund For Nature (WWF) Arctic Programme began to develop principles and codes of conduct for Arctic
tourism, and a mechanism for implementing them.

2.5 Marine Protected Areas (MPAS)

Within the Arctic, different types of national MPAs have been established under national legislations,

for which a good overview is available in the World Database of Protected Areas (WDPA) by the

UN/IUCN. Also high seas MPAs known as Vulnerable Marine Eco systems (VMESs) have been established
by Regional Fisheries Management Organisations (RFMOs). In addition, a number of Ecologically and
Biological Significant Areas (EBSAS) have been defined: focus areas that may qualify as MPAs in the

future, but are not M PAs now. In the challenge MPA (see section 6.3) the focus is only on the
established MPAs.
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3 Monitoring effort in the Arctic Sea Basin

3.1 Overview of mon itoring programs and databases

A lot of monitoring programs and databases are developed and coordinated within the separate Arctic
states. Large international monitoring programs and databases are: EMODnet portal; Arctic Council
working groups; Copernicus; International Council for the Exploration of the Sea i ICES; The
Sustaining Arctic Observing Networks; The Arctic Portal; ArcticData; ACADIS; The Arctic Science
Portal; and European Ocean Biogeographic Information System (Table 1). These were used as a basis
for this project. Complete lists of data sources, datasets and parameters used for the Arctic SBC are

presented in section  3.2.

Table 1 Overview of main monitoring programs and databases in the Arctic

The European Marine A consortium of organisations within Europe that assembles marine data, data products and
Observation and Data Network metadata from diverse sources in a uniform way.
(EMODnet) - www.emodnet.eu comprising: Biology; Chemistry; Physics; Geology; Bathymetry ( previously Hydrography

and Sea Bed Mapping);  Seabed habitats ; Coastal mapping ; Human activit ies.

The Arctic Council - Intergovernmental forum promoting cooperation, coordination and interaction among the
wwwe.arctic -council.org Arctic states, Arctic Indigenous communities and other Arctic inhabitants on common Arctic
issues, in particular on issues of sustainable development and environmental pr otection in

the Arctic. The work of the Council is primarily carried out in six Working Groups, of which

the most relevant within the context of this report are described below:

The Arctic Monitoring and The AMAP is a working group of the Arctic Council and monitors the Arctic environment,
Assessment Programme ecosystems and human populations, and provides scientific advice to support governments
(AMAP) - www.amap.no as they tackle pollution and adverse effects of climate change.

Conservation of Arctic F  lora CAFF is the biodiversity working group of the Arctic Council. CAFF serves as a vehicle to

and Fauna (CAFF) - www.caff.is  cooperate on species and habitat management and utilization, to share information on
management techniques and regulatory regimes, and to facilitate more knowledgeable

decision -making.

The Circumpolar Biodiversity The CBMP is an international network of scientists, governments, Indigenous organizations
Monitoring Program (CBMP) - and conservation groups workin g to harmonize and integrate efforts to monitor the Arctic's
www.caff.is/monitoring living resources. The CBMP has been endorsed by the Arctic Council and the UN Convention

on Biological Diversity and the official Arctic Biodiversity Observation Network of the Group
on Earth Obs ervations Biodiversity Observation Network (GEOBON). The CBMP is
coordinating the wide range of Arctic biodiversity monitoring activity spanning biological,

geographical, and climatic disciplines.

Protection of the Arctic Marine PAME is the focal point of the Arctic Council 6s
Environment (PAME) - sustainable use of the Arctic marine environment and provides a unique forum for

WWW.p ame.is collaboration on a wide range of activities in this regard

Sustainable Develop ment The goal of the Sustainable Development program of the Arctic Council is to propose and

Working Group (SDWG) - adopt steps to be taken by the Arctic States to advance sustainable development in the

www.sdwg.org Arctic.

Copernicus - - Copernicus is a European system for monitoring the Earth. Copernicus consists of a complex
WwWw.copernicus.eu set of systems which collect data from multiple sources: earth observation satellites and in

situ sensors such as ground stations, airborne and sea  -borne sensors. It processes these
data and provides users with reliable and up -to-date information through a set of services
related to environmental and security issues. The services address six thematic areas: land,
marine, atm osphere, climate change, emergency management and security. They support a
wide range of applications, including environment protection, management of urban areas,
regional and local planning, agriculture, forestry, fisheries, health, transport, climate

change, sustainable development, civil protection and tourism.
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International Council for the The International Council for the Exploration of the Sea (ICES) is a global organization that

Exploration of the Sea (ICES) - develops science and  advice to support the sustainable use of the oceans. ICES has a well
www.ices.dk established Data Centre, which manages a number of large dataset collections related to
the marine environment. The majority of data i covering the Northeast Atlantic, Baltic Sea,
Greenla nd Sea, and Norwegian Sea i originate from national institutes that are part of the

ICES network.

The Sustaining Arctic SAON facilitates partnerships and synergies among existing observing and data networks.
Observing Networks (SAON) - The SAON process was initiated by the Arctic Council (AC) in 2007. Its goal is also to
www.arcticobserving.org promote sharing and synthesis of data and information.

The Arctic Portal - The Arctic Portal is a comprehensive gateway to Arctic informa tion and data on the internet,
www.arcticportal.org increasing information sharing and co -operation among Arctic stakeholders and granting

exposure to Arctic related information and data.
The Arctic Portal is a network of information and data sharing and serves as host to many
web sites in a circumpolar context, supporting co -operation and outreach in science,
education, and policy making.
ArcticData - portal.inter - Arcticdata is a web portal housed under the Arctic Portal, where spatial datasets with
map.com attached attribute  data from CAFF and PAME are being made available to the public and

research community to access and use as needed.

ACADIS - ACADIS is a collaborative project between the University Corporation for Atmospheri c

https://www.eol.ucar.edu/field Research (UCAR), the National Center for Atmospheric Research (NCAR), and the National

_projects/acadis Snow and Ice Data Center (NSIDC). ACADIS developed the Arctic Data Explorer - offering
accessible, multifaceted and efficient navigation of interdisciplinary Arctic da ta. As of late

March 2016, all ACADIS data and publications are available via the NSF Arctic Data Center.

The ACADIS Gateway is no longer available. All future data and publication submissions

should be made directly to the NSF Arctic Data Center. Further information can be found in
the NSF Arctic Data Center Q & A document (see

https://www.eol.ucar.edu/field_projects/acadis ).
The Arctic Science Portal - This po rtal can be thought of as a library of links (URLS) to websites where Arctic data are
www.arctic.gov/portal/index.ht made publicly available. Main focus is on the US Arctic.
ml
European Ocean Biogeographic The Eu ropean Ocean Biogeographic Information System i EurOBIS i is an online marine
Information System - biogeographic database compiling data on all living marine creatures. The principle aims of
www.eurobis.org EurOBIS are to centralize the largely scattered biogeographic data on marine species

collected by European institutions and to make these data freely available and easily

accessible.
The Arctic Regional Ocean The Arctic ROOS is the Arctic node under EuroGOOS - the European Global Ocean Observing
Observing System (Arctic System. It has been established by a group of 14 member institutions from nine European
ROOS) - http://www.arctic - countries working actively with ocean observation and modelling systems for the Arctic
roos.org Ocean and adjacent seas. Arctic ROOS promotes, develops and maintains operational

monitoring and forecasting of ocean circulation, water masses, ocean surface conditions,

sea ice and biological/chemical constituents.

3.2 Overview of datasets, data sou rces and parameters

A full list of currently identified data sources listed in the content management system (CMS) of the

project are listed in Annex 3. Afull list of dataset s, their associated P02 parameter (a controlled
SeaDataNet vocabulary for parameters %) and the data source from which it originates, as they are
currently listed in the CMS are listed in Annex 4. A description of the CMS is given in Chapter 5. Note

that the lists show the current state (September2016) and will be updated for the second DAR.

2 http://seadatanet.maris2.nl/v_bodc_vocab_v2/search.asp?lib=P02
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In addition, the dataset s (and their associated P02 parameter) currently used or considered foruse  for
each challenge are listed in Annex 6 per WP. The availability , quality and adequacy of datasets for the
individual challenges will be addressed in Chapter 5. The d ataset s that are used in both the challenges

and the collected literature will be presented and discussed in Chapters 7, 8,9 and 10.

There were no specific statements found in literature to fitness for purpose of data (De Vries etal.,
2016) . Nevertheless, several studies for marine spatial planning, oil spill response, fisheries
management and -impact assessment, riverine input and invasive species, generally addressed this
issue . The main results of the literature review are described in Chapter 4. Detail s are provided in the
literature report (De Vries etal.,, 2016).

In order to translate the information in the CMS into an indication of monitoring effort, the number of

listed datasets are determined and plotted from three different perspectives: parameters ( Figure 12);
user types ( Figure 13);and a dditional purpose ( Figure 14). The coherence and structure of the
information is explained in more detail in Chapter 5. More detailed analysis of the datasets are

presented in Part 1, 2 and 3 of this report.

The number of datasets in the CMS listed under each parameter group is highly variable ( Figure 12),
this is not only caused by difference in monitoring effort, but also the effort for discovering datasets.

As the present project focuses on the Arctic, it is not surprising that most data sets are listed under the
parameter gr oup (i..ctheyfrozenpMater paet df the Earth system ). For the Arctic this is a
very relevant parameter group, but for many other sea basins not so much.

Number of datasets
N
o
|

Figure 12. Number of dat asets listed in the projects Content Management System specified
per PO3 parameter group

When the number of datasets in the CMS are listed per user type, we also see that the numbers are

highly variable. This is partly caused by the monitoring effort (wh ich results in a specific amount of

data availability) but also the broadnesenstil tapt shteseatchbés
will have a much broader interest in data than for instance t
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4 Literature review results

Earlier in the proj ect, a structured literature search and review was performed. Figure 15 illustrates
how the literature review relate s to the Data Adequacy Report (DAR). The literature review was used

to identify relevant literature and data sources. From both relevant d ataset s are identified. In the DAR,
information from the literature review and the challenges are combined and used to evaluate the
adequacy of the d ataset s. This chapter summarises the findings from the literature review, which are
described in more detail in a se parate report by De Vries et al. (2016).

Data sets

_— _—
Data sources Parameter

Assessment

reports
Identify
Identify data sources assessment
A \ / rep/c\>rts Literature report
Identify data sets Data adequacy report
(DAR)
Evaluate data sets
Figure 15. Schematic overview of the work presented in literature report and the work that

is presented in this DAR.

4.1 Structured literature search results

One of the objectives of the current study is to obtain insight into the (re)usage of data possible for

other purposes than it was originally generated. With a structured search relevant literature was
identified that potentially reuses data. Chapter 5 presents the context within which the collected
literature is used. Here we summarise the amount of literature that was collected (n = 625) from

different sources int  he structured search ( Figure 16). Figure 17 lists the purposes for which the
assessment reports would use data. The number of reports that are available per purpose is highly
variable.

The literature review (De Vries etal., 2016) resulted in the identification of 625 assessment reports
(Figure 16) which are registered in the CMS. Only a sub -selection of the collected literature body will

be evaluated for data usage and the adequacy of the data used. This is described in more detail in

Chapter 5.
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Figure 16. Number of relevant documents, specified per source. Small discs represent the
merging of duplicates. The large disc represents the total body of literature obtained from
Google.
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Figure 17. Number of relevant documents obtained from all sources, specified per
purpose. Small discs represent the merging of duplicates. The large disc represents
the total body of literature  to be used in future steps.

4.2 Evaluation of literature review on inadequate data

References in literature to goals not achieved because of inadequacy of data (e.g. unable to estimate
coastal erosion accurately) have been listed for each assessment purpose in the literature review (De
Vriese t al., 2016). The main data limitations could be attributed to a lack of measurements. This was
the case for the purpose of: Marine spatial planning; Assessment of (potential) MPAs; Assessment of
navigational risks; and Assessment of risks posed by invasive species. For some other purposes
inadequate data could also be attributed to other causes: Oil spill response (time to obtain data);
Assessment of climate change and Assessment of coastal evolvement (lack of accuracy /precision);
Fisheries management and -impact and Assessment of riverine input (Reluctance of data -owners to
release data). Results are presented in Annex 5.
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In addition to these references to inadequate data, the findings from reviews of Arctic data (the
National Academy of Sciences 2001 & 2006; Lichota & Wilson, 2010; and NOAA, 2014) were
summarised (De Vries etal., 2016).
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5 Structure and coherence: T he Content
Management System

5.1 Introduction to the Content Management System

In the present study the evaluation of adequacy of a large amount of data is structured following a
coherent approach for the collection, analysis and presentation of information. A content management
system (CMS) is developed and used to support and enable such a structured and coherent collection

and registration of in ~ formation. The CMS can be accessed online on the project website
(http://lwww.emodnet  -arctic.eu/CMS ), but is password protected with accounts. However, data

registered in the CMS can be retrieved from the pub lically available dashboard of the project website
(http://www.emodnet  -arctic.eu/dashboard ). The CMS and its structure and the coherence of
information is described in this chapter (see section 5.2).

Before setting up the CMS the approaches of the North Sea and Mediterranean Sea Basin Checkpoint

were studied, and where useful the approach was adopted. Th e Arctic Sea Basin Checkpoint CMS

makes a clear distinction between datasets, data sources and in some cases assessment reports . Data
quality and data adequacy are treated as separate issues.

5.2 A framework for data management and assessment

In order to asses s available marine data a framework , which will help to understand in which context
dataset s and information are collected, is required . Given the overarching objectives of identifying and
assessing d ataset s, the framework encompass  es the relation between: relevant literature and
challenges; d ataset s used in literature and challenges; and the sources (i.e. data portals) from which

the d ataset s can be obtained. A clear concept of data quality and data adequacy was also defined.

Note that a list of definitio ns used in the framework and throughout this report is included at the

beginning of this report. These definitions are a requirement for setting up and understanding the

framework.

The framework used for the management and assessment of d ataset s is presen tedin Figure 18. It

shows the relation between data source, d ataset s and assessment reports. All elements of the

framework and terms used are described below in the following sections  (a short description is also
included at the beginning of this r epoTheidentificdterofdatAcr ony ms
sources,d atasets, and assessment reports are described in the
(De Vries etal.,, 2016). The evaluation of adequacy of d ataset s is described in more detail in Section

5.2.6 .
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http://www.emodnet-arctic.eu/dashboard
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Data Source (WP1 literature)

Assessment Report
(WP2-12 Challenges)
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(WP1 literature)
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(WP2-12 Challenges)
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Figure 18. Conceptual framework, showing the relations between data sources, d ataset s

and assessment/ challenge reports. The framework is i mpl eme
Management Systemé (CMS), which is part of the Arctic Sea
with a password at http://www.emodnet -arctic.eu/cms/.

5.2.1 Data sources

In the literature review (De Vries etal., 2016), a preliminary list of (potentially) relevant data sources

has been identified. A data source is the source (e.g. data portal) from which a d atase t is made
available. This can for instance be an organisation or an initiative. The list of data sources is based on
data sources that are already identified in the Mediterranean Sea and North Sea SBC projects (only

those that are also relevant for the Arc tic SBC), supplemented with relevant data sources from the WP
leaders. These data sources are linked to specific d ataset s in the CMS.

5.2.2 Dataset s/ parameters

A dataset is a coherent set of data for a specific parameter (e.g. temperature, or bird abundance),

from a specific data source (i.e., data portal). Parameters are based on the P02 level vocabulary of
SeaDataNet . The advantage of using existing definitions for parameters is that it can be linked to
information from other initiatives using the same defi nitions and it can be aggregated to the higher
P03 level (which is also a SeaDataNet vocabulary, for parameter groups).

When an assessment report uses one or more d ataset s, a link is created in the CMS between the

dataset s and the assessment report. Multi ple d ataset s can exist for a single parameter (i.e.,

originating from different sources or of a different quality ). These relationships are visualised in Figure
18.

s http://seadatanet.maris2.nl/v_bodc_vocab_v2/search.asp?lib=P02
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5.2.3 Assessment reports

Assessment reports are in the tpechnca epottsorcpeenreveewed def i ned as A
publications that describe the assessment of the state, exploitation or change of the marine

environment or parts thereof. 0 E aasskssment report can use data depending on the purpose for

which the assessment report was written and the requirements of the study described, a d ataset may

be either adequate or inadequate. Adequacy of d ataset s is therefore evaluated for each time it is used

in an assessment report.

Each of the project challenges is also registered as (specially labelled) assessment report in the CMS.

This way, findings for each WP is also documented in the CMS and can be combined with the findings

obtained from the lit  erature body collected in the structure literature search (De Vries etal.,, 2016). So
for both the collected literature and the challenges , dataset s (and corresponding parameters, data

sources ) are identified and linked to the reports.

5.2.4 Purposes

Foreachd ataset it i s recorded what the 6original pur posset was (i . e.
was generated) if known and with which purpose it was used in
purposed). This way, the original ptionalpoumss c(senalsh Bectoro mpar ed wit

7.4). Hence, a list of purposes is defined. WPs, which are part of the project, were used as a basis for
the definition of these purposes.

As described in the introduction of this report, the Arctic SBC project is comprised of WPs in the form

of challenges (e.g. wind farm siting or assessing riverine input). Each challenge is designed as such

that it addresses data availability and adequacy for a specific additional purpose. However, in the

original project call, these challenges are not directly linked to specific purposes. In fact, some

chall enges donét even serve a direct practical pamd pose (ot her

guality), for instance t hwhichdridietthseraes a pupdse far hazigatiorah g e
safety . Therefore, a list of purposes is defined in the literature review and linked to the

challenges/WPs as defined in the project ( Table 2, De Vries etal., 2016). The list was established by
defining a closely matching purpose for each challenge. For reasons of completeness, the purpose
6Assessment of envi rwanaddedto thellist i nTh iz svaséeonsidered a relevant purpose
by the Arctic SBC literature review team but was not covered by a specific challenge/WP , hor will it be
addressed specifically as it is outside the s cope of the present study . The list of purposes as presented
in Table 2 is expected to cover the main purposes for which data could be generated and used within

the sc ope of the Arctic Ocean.

Table 2. A list of purposes and most closely matching work packages in the project (De
Vries etal., 2016)

Assessment of environmental impact W NA - Impact assessment
Marine spatial planning WPO02 Wind farm siting
Assessment of (potential) MPAs WP03 MPA
Qil spill response WPO04 Qil leak platform
Assessment of climate change WPO05 Climate Change
Assessment of coastal evolvement WPO06 Coast
Fisheries management WPOQ7 Fisheries management
Stock assessment WPOQ7 Fisheries management + WP08 Fisheries impact
Assessment of riverine input WP10 River input
Assessment of navigational risks WP11 Bathymetry
Assessment of risks posed by invasive species WP12 Al ien species
# There is no specific WP/challenge within the project focusing on this particular purpose. It will only be addressed in the literature review and
data adequacy report of the project. Note that the pur po slefor thesssachandtbust of environment

literature was searched for this particular purpose.
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5.2.5 Dataset quality

The quality of ad ataset is considered to be an intrinsic property of the set (i.e. it does not depend on

its use). The quality can therefore be evaluated reg ardless of the assessment reports in which they are
used (Figure 19). The quality of ad ataset are evaluated by using a set of indicators. These indicators

are selecte d based on work done in the Mediterranean Sea and North Sea SBC projects. Balancing

between detail and practicality, the indicators are basically a set of closed questions, which are scored

with in the CMS. The indicators (sometimes also related to the data source) cover aspects of spatial

and temporal resolution (which is assumed to also be a proxy for accuracy, see also Section 7.3) and
coverage; accessibility; cos  ts; service level; responsiveness; processing level; and temporal window

(i.e., forec ast, hindcast, (near) real -time ). The full set of quality indicators used and their possible
score values are listed in Annex 1.

Quality indicators
%"

Adequacy

Assessment reports indicators

Data source Data set

/‘_, < Qg—n‘

—>,l

Data generated with Data reused wit
original purpose additional purpose
Figure 19. A dataset is generated/published by a source with an (original) purpose. The

quality is evaluated regardless of its (potential) use in assessment reports. For each time a

dataset is used in an assessment(/WP challenge) report with an (additional) purpose, the

adequacy of the data for that report is scored. The quality indicators are thus stored at a

different level inthe database as the adequacy indicators. However, the quality can be studied in
relation to the adequacy. Note: for simplicity, this illustratio n only shows a single data source
and a single d ataset . However, the CMS holds multiple data sources where each data source can
be linked to multipled  ataset s (Figure 18).

5.2.6 Dataset adequacy

The adequacy ofad ataset is not considered to be an intrinsic property of the set, as it depends on the
specific purpose for which it was used. In this project, the adequ acy ofad ataset will therefore be
evaluated for each separate assessment report in which it was used (Figure 19). The adequacy of a
dataset is therefore a summary of the collection of assessment reports in which it was used. Like

quality, the adequacy is evaluated by a set of indicators (in the form of closed questions). These

indicators are also scored with the CMS. The set of adequacy indicators are listed in Annex 3.

To interpret the adequacy results, it is useful to know how many assessment reports are addressed

(dataset adequacy is evaluated for each assessment report in which it is (considered to be) used) .In
the literature review 625 assessment reports were identified and added to the CMS (see Chapter 4).
Each of the ten work packages was added as a special assessment report to the CMS as well. In

addition, the challen  ge leaders have added a small number of reports to the CMS after the literature

review. In total, the CMS holds (at the time of extraction for this report) 691 assessment reports. The
challenge leaders were  then asked to select the mostr  elevant literature  from the CMS. This is used as
a starting point for the analysis for adequacy. This way, at least the most important work for all
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relevant topics  is covered. Currently 118 assessment reports (including the challenges ) were
evaluated, leaving the majority n ot assessed ( n= 573). More than halve of the analysed reports (n =
64) do not explicitly use data and only 54 of the reports were used to address the adequacy of the
data that they use or have considered using.

Adequacy is scored for a set of indicators using closed questions with a fixed set of po ssible answers,
allowing for presentation with bar plots, which is used throughout the remainder of this report. The

numbers on they -axis will indicate the number of times d ataset s received a specific score. So  , the
total height of the bars in the b ar plot s represent the number of d ataset evaluations. In specific cases,
whe n only a single assessment report is presented (this is the case when each WP challenge is

presented separately in Chapter 6), they -axis can be interpreted as simply the numberofd  atasets
(as each d ataset is only evaluated once by the one assessment report). Colour-coding used to mark
the indicator value inthe b ar plot is kept consistent throughout the report.

There are three scoring values that are used for most quality and adequacy indicators, and may be

confusing. These are: oO6unknownpp) i 6abt edssd@opsadosestoasoanasi an,
are explained in the text below, whereas for the other scores we refer to Annex 2. The score

6unknownod6 is assigned to an indicator when it has been evalua
unknown based on the available information. For instance, when a d ataset is considered but not used

in a challenge, and the information required for assessing the quality or adequacy indicator can only

be obtained with a payed account, the indicator wil!/l be score
val ue ods s9emsostedd6 i s onl y atasetewdhs asthablymot evaliated(for instance when

the d ataset was considered for a challenge but had little relevance; or when available time was

insufficient, in which case the indicator can be scored at a later stage) . The value O6not applicabl
only used when an indicator is not applicable. For example: s patial resolution is not applicable when

the d ataset covers a speci fic site (e.g. river) or when the data is not spatial in nature (e.g. species

taxonomical inform  ation).

Each of these b ar plot s (with colo ur-coded stacked bars of adequacy evaluations for each indicator)

will either present a sub  -selection from the CMS (i.e. each of the challenges in Chapter 6) or present
all data (both results from the challenges and the literature search), but in each case they are group ed
differently (i.e. grouped per parameter, user type or purpose). Specific issues that are not covered by

the generic scores from the CMS are either discussed in the results from the literature review (Chapter
4) or for each spec ific challenge (Chapter  6).
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6 Challenge results

6.1 Introduction

This chapter presents the data adequacy as reported by each challenge. Each challenge is presented in
a separate section with three subsections. Each challenge will start with a subsection presenting the

main findings and discussing specific issues with respect to data availability, quality and adequacy.

Please note that these findings and issues vary considerably between the different challenges as each
challenge has a different aim and set -up and has been performed by different team members.

Therefore t he description and main results for each challenge has its own style, structure and level of

detail. This subsection is followed by two subsections describing data quality and adequacy

respectively. The latter two subsections will use the generic scoring for quality and adequacy (as

specified in  Annex 1and Annex 2 and explained in Chapter 5) as register ed in the CMS. This allows for
a consistent and generic presentation of the data quality and adequacy for each challenge . For specific
information we  refer to the first subsection of each challenge .

The scores from the CMS  will be evaluated to gether with information from the literature review to

provide insight into the data adequacy in the Arctic Sea Basin from a user t y p eérspective (Chapter
8), per parameter (Chapter 9) and per purpose (Chapter 10). Overall findings based on the CMS will

be presented in Chapter 7.

6.2 Wind farm siting (WP02)

6.2.1 Challenge description and main results

The objective of the Wind Farm Siting Challenge is to find economically viable areas for Offshore Wind
Energy ( OWE) development with little impact on both the ecosystem and other human activities, in
the Norwegian Sea and Barents Sea.
1 The Offshore Wind Development should be economically viable.
9 For the purpose of the Arctic Ocean Checkpoint project we have taken this to signify that we
attempt to identify the area that is best fits this aim.
9 This forms the first part of our assessment: determining where the best chances to develop
offshore wind lie.
I The Offshore Wind Development should have little impact on other uses i including the
ecosystem - of the proposed area.
1 This forms the second part of our assessment: taking away from the identified technical area
those parts that are too important for other activities at sea and should better be left available
to them.

To determine the best technical and economic area several datasets are needed to discriminate  the
options to develop offshore wind turbines.

1. An economical and viable development needs a market for the generated electricity. This
means the presence of cities, ports or large industrial sites. Alternatively high voltage
connection points can also be used to reach a market. Currently existing connection points are
often also located near cities, ports, large industrial sites and power stations
(conventional/nuclear/etc.)

2. Developing offshore wind energy also requires facilities like ports, quays, cranes to support
the activities of building, operating and maintaining the turbines and the supporting
infrastructure  of cables and transformer platforms. On-shore this also means that availability
of motorways, railways and airports is bene ficial to have, e.g. to allow specialized persons or
replacement parts quick access to the area.
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A search has been done to identify
together in Table 3.

Table 3.

Murmansk
Severomorsk
Tromsg
Bodg
Trondheim
Narvik
Hammarfest
Kirkenes
Longyearbyen
Nikel
Archangelsk

Severodvinsk
NO Norway, RU Russia
maint: maintenance
Cosn:

Ind; industry

38 van 212 | IMARES re port Final draft

Locations representation
relation to offshore wind energy development (data from
websites of municipalities and ports).
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Figure 20. Map of the Norwegian Sea and Barents Sea, showing the locations from the table
above. Yellow -to-orange colours indicates the identified area suitable for offshore wind farm
development, darker colours signify higher mean wind s trength.

Next two datasets become important:

1.

Bathymetry (water depth, metres) (GEBCO 2014 gridded bathymetry 0.0083 degrees) .

This indicates where suitable water depths occur that are compatible with either a fixed or a
floating offshore wind turbine.

Wind strength (m/s) (Copernicus Marine Environmental Monitoring Services or CMEMS).
CMEMS provides a set of satellite -derived datasets (with global coverage 0.25 degrees) that
covers six recent years, with monthly wind climatology for 59 months (from 72 months, so a
few are missing). To support the analysis an average wind resource was calculated and used.
Please note that the instrument on the satellite, a scatterometer, comes with its own
limitations. One of these is that a scatterometer cannot determine wind speeds over land or
over ice-covered sea. Thus the average wind resource dataset has no data where sea ice has
prevented observations during the observation period. The available wind resource for the
Norwegian Sea is comparable and possibly somewhat larger than for the North Sea. Where
data is available the same holds true for the Barents Sea. As such there is sufficient wind
resource available. The resolution of this dataset is used also for the analysis.
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A third important dataset has been derived based on the data from points 1 and 2, in combination
with a geographical dataset of the coastlines (Arctic countries coastlines) :

3.

Distance to port and market.

This is useful to determine how far 7 by sea i it is to a possible site to develop an offshore
wind farm. This distance is an important economical factor as it determines many costs, such
as length of the High Voltage ( HV)-cables which bring the generated power to market, travel
time when building, operating and maintaining the wind farm.

Assessment  Part 1
To properly interpret the datasets outlined above some realistic assumptions about offshore wind
technology options are needed.

1

How far from port and market is it economic interesting to attempt to develop OWE?

The maximum distance within the North Sea, currently one of the best developed OWE areas,
is a little over 200 km (close to the centre, on the Doggerbank). For the purpose of this study
the upper limit has been set at 250 km.

How does water depth interact with offshore wind turbine (OWT) technology?

o Fixed OWTs can be built to water depths to about 50 m., with several construction
options including monopoles, tripod, jacket and gravity -based (concrete) foundations
structures. This choice more or less follows the current state of technology in the
North Sea.

o Floating turbines can be built in water depths starting from ca. 100 m. to ca. 500 m.
deep. These numbers match with pilot installations and early wind farm developments
for turbines such as the HyWind (SPAR-type) and WindFloat (floating jacket). This
technology is still new and not many such turbines are current in operation. Data
assembled by the EU-project ACCESS on a.0. SPAR-type platforms (D 4.21) shows
that these are reasonable assumptions .

Sea ice and offshore wind turbines

Offshore wind parks have not yet ventured in to (sub -)Arctic waters and waters where sea ice
can occur. Technically it is possible to build wind turbines strong enough to withstand the
forces exerted by sea ice. It adds cost and the economics of offshore wind turbines does not
allow for such additional costs. Based on that conclusion the pragmatic choice made for this
study to not suggest OWE development in ice covered waters also has a base in economics.
Pragmatic as the scatterometer data do not allow for collection of wind speed data (by way of
a satellite) over ice-covered sea areas.

Please note that technology options to construct ice-resisting OWT do exist and some of those
can be gleaned from the reports of ACCESS.

When considering the development of OWE in these waters, icing of the turbines blades can
form one more complication that requires both technical attention and may impact the
economics. This is an active field of research within wind turbine development.

Assessment  Part 2

The second step of the assessment is to take away from the technical and economic potential
determined in the first step, those areas where an impact on the ecosystem or other uses of the sea
area can be expected. For this study four marine uses have been considered:

il

Fisheries , by way of a dataset generated for OSPAR by ICES Working Group on Spatial
Fisheries Distributions (WGSFD). What was used it the surface interaction of mobile bottom -
touching fishing gears (Swept Area Ration or SAR), the associated fishing activities do not
combine favourably with offshore wind turbines as the fishing gear may cause damage to
electricity cables and for floating turbines also with the mooring cables. Such interactions also
pose a danger to the fishing vessel and its crew. Please observe that other types of fishery,
e.g. angling and other passive gears, are present in the area and can be performed within an
OWF.

Shipping , for this a dataset collated and made available by Halpern etal. (2015) was
identified and used. It has global cover, is in high detail (ca. 1 x 1 km) and of a recent year
(2013).

Marine Protected Areas , to respect nature conservation areas the MPA-database that was
put together for the MPA Challenge was re-used. The MPA-database relies heavily on the
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WDPA, but many other (national) sources have been checked. These checks have led to a few
dozen additions across the whole Arctic.
Please note that especially for Norwegian waters a wealth of data (geographically explicit in
many cases) is available. But considering each of those and whether that would constitute
sufficient cause to not develop OWE would have been too bit a task for the project. A choice
was made to base this assessment on known protected locations already within our sights.
The MPA-dataset serves here as a proxy to ensure little impact on the ecosystem.

 Oil and Gas infrastructure, including pipelines (Norwegian Petroleum Directorate or
Oljedirektoratet)
These were incorporated using the map services offered by the NPD to reveal the positions of
oil and gas infrastructure (platforms and subsea installations) as well as pipelines.

When implementing each of the three above datasets suitable cut-off values or choices are required.
For the fourth dataset oil and gas infrastructure mere presence was seen as sufficient.

For Fisheries the effort within the technical OWE area was considered . Due to a lack of pattern, the
final choice was made by eye. OWE-blocks having several (five or more) and fairly intense fisheries
hits where deselected for wind farm development. This also considered access to fishing grounds that
could become isolated within wind far areas. The result is that 75% of the fishing effort within the
technical OWE area has been respected and this area has been subtracted.

For Shipping connectivity and access to ports is vital for its purpose. With a cut-off at 600 (unit!) or
more i vesmeV e me nthesrieeds for shipping seem to be sufficiently taken into account. Also since
intersected OWE-blocks are fully subtracted from the technical OWE area.

For Marine Protected Areas (nature conservation and general biodiversity considerations) the existing

MPA-database was used in combination with a 5 km buffer distance outside. So OWE development will
stay at least 5 km away from nature conservation areas. A sensible choice as a number of the MPA is
also home to bird nesting colonies.

For Oil and Gas infrastructure the presence of any infrastructure has led to subtracting the blocks from
the technical OWE area. The selection had to be made by hand as the software did not adequately
detect overlap.

Please note that only a very limited number of OWE-blocks have been eliminated due to a single

obstruction. In many cases shipping obstructions combine with either fishing grounds or areas in or
near MPA.
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Figure 21. Map showing OWE development potential for (floating) offshore wind turbines in
the Norwegian Sea and Barents Sea, as well as dropped area with an indication of the other sea
uses that were given precedence

Final outcome:

Fixed wind turbines

From a technical OWE development area for fixed offshore wind turbines consisting of 13 blocks
spread out along the Norwegian coast none remain after taking other sea uses into account. Most are
lost to both shipping and marine protected areas.
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Floating wind turbines

From a technical area of 290 blocks there remain 124 blocks after taking other sea uses into account.
Six of those are in the Russian part of the Barents Sea (ICES area Ib), on the Murman Rise. The
remainder is in Norwegian waters (ICES area lla2) , mostly around the Lofoten and Troms. West of
Trondheim the combination of other sea uses results in only a few remaining OWE blocks.

The main characteristics of these areas have been summarised in Table 4.

Table 4. Characteristics of the most suitable areas for developing offshore wind farms in
the Norwegian Seaa nd Barents Sea (per ICES area)

b 6 238 179 8.2 1553
lla2 118 203 272 8.4 29969
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Figure 22. Map showing the area with potential for developing (floating) offshore wind
energy parks in the Norwegian Sea and Barents Sea. Also shown are human settlements that
may play a role in this development.
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Figure 23. Maps showing human activities in the Norwegian Sea and Barents Sea: fisheries
(top left); shipping intensity (top right); Marine Protected Areas (bottom left); oil and gas
facilities (bottom right).

Lessons learned from the 1st Wind Farm Siting Challenge
The end results as presented show that with the available data an adequate assessment can be made
on the potential development of offshore wind parks in the Norwegian Sea and Barents Sea.

For a second time around, a smaller block size for the OWE-analysis could be used. This could result in
less area being lost to other uses and/or ecosystem concerns. The wind resource data was not
decisive for the development and need not govern the geographical accuracy.

Also now that the three most promising areas are known, the possibility exists that better datasets
can be uncovered that do not cover the entire original study area but do cover at least one but
preferably all three of them. This will be addressed in the second DAR.

Offshore development of wind energy in this region will have to rely on floating turbine technology.

This technology may need several more years to mature sufficiently for deployment in Arctic and sub-
Arctic waters. For an in-depth assessment of the economics of an offshore wind farm the technology
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choices regarding moorings, also in relation to geophysical conditions on and in the seabed will be
needed.

The datasets that were used, are available on the internet, but the ease with which they can be found
leaves ample room for improvement. Discoverability is often times low.

6.2.2 Data quality

Figure 24 shows the quality indicators for the seven datasets considered for this challenge. The
accessib ility of the data is good as most could be directly downloaded and some downloaded after

creating an account (all within a day). All datasets were free of charge. The data formats had to be
converted (processed) before use in this challenge. There were no datasets used that specifically
covered the Arctic Sea Basin. Most had a global spatial coverage and one dataset cover ed part of the
Arctic. In general the data had a high spatial resolution. Temporal resolution varies considerably, from

daily up to yearly  data. There is no forecast data or (near) real -time data used, only historical or
hindcast datasets. The vertical resolution of the data (i.e. measured at a certain water depth or

height) is either not assessed for this challenge or measured at the water surface.

02 Wind farm siting

accessibility cost processing level responsiveness spatial coverage
04 ‘ =
Online viewing only
Data at request ggygg sgwrﬁg;d Processed data More then a day Erkc)gcalpamal
Download (account needed) ;,eye O ohare Raw data Same day Arctie
g | Direct Download (no account) 9
6 - L
4 L
P L
spatial resolution temporal coverage temporal resolution temporal window vertical resolution

Number of data sets

- - >= Year Historical
2z i o, l{ o L o ¢ 54 < 5553?595 >= Month < Year Hindcast 0
<1 km (<0.5A Months or less >= Day <Month fRorecast >0
< Day (Near) real-time / current status

Not applicable
nggg:enssed E
Figure 24. Quality indicators for the dataset s used and considered for use in the 6 wi famin

s i t icimalbedge. Colour -codes of specific categories are presented above each indicator. Generic
categories (i.e. relevant to all indicators) are presented at the bottom of this figure.

6.2.3 Data adequacy

The a dequacy indicators for the data sets used and considered for use in this challenge show that most
data is adequate for use (  Figure 25). With the ex ception of one dataset, all datasets considered for

this challenge were actually used. O ne dataset was not assessed. There were no known budget or

time restrictions.  The data formats had to be converted before use and data was processed for this
challenge. Spatial and temporal coverage and resolution were adequate for use. Most of the data wa s
essential to this challenge.
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Figure 25. Adequacy indicators for the dataset s used and considered for use in the 6 wi nd

farm s i t iclmledge. Colour -codes of specific categories are presented above each indicator.
Generic categories (i.e. relevant to all indicators) are presented at the bottom of this figure.

6.3 Marine protected areas (WPO03)

6.3.1 Challenge description and main results

In this challenge the network of Arctic MPAs is analysed. Data on MPAs were obtained from various
sources, the most comprehensive being the World Database on Marine Protected Areas. EU Natura
2000 areas are not present in this part of the world. From the OSPAR database with 333 records, only
8 MPAs were inside the Arctic region studies and these were included. Vulnerable Marine Ecosystems
(VMEs) were not present in the area either. Eleven Norwegian MPAs and 5 proposed Norwegian MPAs
were included. For the USA, 38 additional MPAs published by NOAA were included, including a lot of
fishery closures. A check on the Canadian data sources from DFO did not reveal any new MPAs
compared to the Word Database on Marine Protected Areas . The same was true for the MPAs of
Greenland and Russia. Finally, the network of EBSAs was included. The MPAs were classified according
to the IUCN classification

The resulting dataset of MPAs will become available in a geoviewer later on in the project (see Figure
26 as an example). The geoviewer will also allow for comparisons of the MPA network with habitat
maps and fishery intensities.

The next steps are to analyse the coherence of MPAs using OSPAR criteria. For this, we will take a
number of species and estimate to what extent the network of MPAs is covering their distribution.
Finally, the effect of climate change on MPAs will be estimated. During the process, we record which
information is available and which is lacking, to give an estimate of data adequacy.

IMARES re port Final draft | 47 van 212


http://www.protectedplanet.net/
http://marineprotectedareas.noaa.gov/dataanalysis/mpainventory/
http://www.dfo-mpo.gc.ca/oceans/marineareas-zonesmarines/mpa-zpm/index-eng.htm
https://www.cbd.int/ebsa/
https://en.wikipedia.org/wiki/IUCN_protected_area_categories

xxxxx

Legend o
- Marhe Protected Arw§ by category
AOCP_CAT %
.
. g
S €L
L Bl | {\
: ™
W :
LB \
I Not Applicable
[ Mot Reported
i themHemispere
undary_Polygon

Esn, GEBCO, Delorme, NaturalVse|

Y =

Figure 26. MPAs in the Arctic (  challenge results, Ju ly 2016) .

6.3.2 Data quality

Figure 27 shows the quality indicators for the nine datasets considered for this challenge. The
accessibility of the data is good as the majority  could be directly downloaded, one could be

downloaded after creating an account and one dataset had to be requested. For one dataset

responsiveness was more than a day. All datasets were free of charge (for two datasets this was not
assessed). Some data f ormats had to be converted (processed) before use in this challenge, but also

raw data was used. There were no datasets used that specifically cover the Arctic Sea Basin. Most

have a global spatial coverage  or cover part of the Arctic. Most of the data used have a high spatial
resolution. Temporal resolution is not relevant for most of the datasets (i.e. no time series). For the
datasets for which temporal resolution is relevant, it is relatively low (monthly to >yearly ). Datasets
mostly reflect historical conditions . The vertical resolution of the data (i.e. measured at a certain water
depth or height) is either not assessed for this challenge or the data has no vertical height (vertical
resolution is 0 m)
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Figure 27. Quality indicators for the dataset s used and considered for use in the 6 mar i ne
protected a r e alsallenge. Colour -codes of specific categories are presented above each
indicator. Generic categories (i.e. relevant to all indicators) are presented at the bottom of t his
figure.
6.3.3 Data adequacy
The a dequacy indicators for the data sets used and considered for use in this challenge show that most
data is adequate for use ( Figure 28). W ith the ex ception of two dataset s, all datasets considered for
this challenge were actually used. There were no budget or time restrictions leading to unusable data
Most data formats had to be converted before use and most data was processed for this challenge.
Spatial and temporal coverage and -resolution were adequate for use , except for one dataset of which
the spatial coverage did not match . Most of the data was essential to this challenge.
03 MPA
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Figure 28. Adequacy indicators for the dataset s used and considered for use in the 6 mar i ne
protected a r e elsalenge. Colour -codes of specific categories are presented above each

indicator. Generic categories (i.e. relevant to all indicators) are presented at the bottom of this
figure.
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6.4 Oil platform leak (WPO04)

6.4.1 Challenge description and main results

The objective of this challenge is to test the preparedness of operational tools for forecasting the
effects of an oil spill. The challenge has the form of an unexpected oil spill in the Arctic region. The
challenge inputs are organized through the series of Key Questions the responder will need to ask
regarding the incident for the initial information and the information required to prepare products for
response personnel:

1. What was spilled? 7 The nature of the product, particularly persistence and toxicity. Light
condensates or light, highly refined products have initial high toxicity, but are not very
persistent in the environment. Heavy fuel oils are very persistent, but not very toxic, usually
causing harm via oiling fur or feathers or smothering. Crude oils have different combinations
of both these characteristics.

2. Where will it go? i The trajectory of the spill is key information for providing basis for
executing the response efficiently and estimating environmental risk.

3. Who will it hit? i Natural resources in the area vary in sensitivity to oil contact. Responders
need to know the timing and variety of organisms in the path of the oil spill and their varying
sensitivity to oil contact in order to best organize the response to minimize harm. Safety of
human responders from inhalations, oil contact and other risks is also critically important.

4. How could the oil spill affect society? i Oil spills can lead to loss in revenues from tourism and
lack of public trust

At 10:27 (BST) on 10/05/2016, the Arctic Checkpoint was alerted that an explosion had occurred at
08:15 (CET) on the Prirazlomnaya Platform, 60 km off the coast in the Pechora Sea. Oil is leaking
subsurface, at a rate of 800m3/day: this is expected to be reduced to 500 m3/day following
emergency repairs with in 24 hours, with the leak being stopped completely within 72 hours.
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Figure 29. The location of the leaking oil slick and the ice pack 60 km off the coast in the

Pechora Sea , three days after the incident (13 -May-2016 08:15 CET)

Initial modelling was carried out using RPSA S A @8 OILMAPTM model. Because of the entrainment of

the oil in the ice, the hydrodynamic data was made equal to the ice velocity fields and wind action has
been switched off. Forecast Modelling on the 12th May and 13th May were carried out using S| NTEF & s
3D OSCAR model that provides additional information about the oil in the water column. Metocean

data was sourced from The Met.no website. A long range forecast (out to six months) was carried out

using the Lagrangian particle -tracking software package, Ariane in conjunction with a 20 year output

from the leading edge 1/12th degree resolution NEMO ocean model coupled to LIM2 ice model.

The oil spill is in a complex, ice infested environment that reduces the reliability of any oil spill
forecast. In this case, the Prirazlomnaya Platform is in pack ice flowing westward at upto 0.5 m/s.
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The oil, which is lighter than water,
will be trapped into the moving
transported

can be expected to rise to the underside of the ice pack where it

ice sheet. During the first 72 hours, more and more oil was
north -westward as the ice sheet flows over the top of where the leak is. The ice pack is

currently breaking up, making an accurate prediction of where the oil can be recovered very difficult.
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Figure 30. Day 3 (13 -May-2016 08:15 CET). Surface oil shown overlaid with a plot of
maximum subsurface concentrations and a cross section of subsurface oil concentration at end

of Day 3. Cross section is for arrow shown on map.

Bulletins produced at 24, 48 and 72 hours after the spill can be found on the project website

(http://mww.emodnet

6.4.2

-arctic.eu/oil

-leak - platform).

Data quality

Figure 31 shows the quality indicators for the five datasets

considered for this challenge. The

accessibility of the data is good as most could be directly downloaded or could be downloaded after

creating an account.  All dataset s w
dataset required a payed acco

challenge. There were

ere available within

global spatial coverage or cover part of the Arctic. Most of the data used has a sp

between 1 and 10 km
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of lessthan aday . All sets are forecasted data . The data mostly hasa vertical resolution , i.e. is
measured ata range of water depth s or height s.

04 Oil spill
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Figure 31. Quality indicators for the dataset s used and considered for use in the 6 o platform

| e adbdllenge. Colour -codes of specific categories are presented above each indicator. Generic
categories (i.e. relevant to all indicators) are presented at the bottom of this figure.

6.4.3 Data adequacy

The a dequacy indicators for the data sets used and considered for use in this challenge show that most
data is adequate for use ( Figure 32). One dataset was not assessed. All other datasets considered for

this challenge were also used. Th ere were no budget or time restrictions leading to unusable data.

Original data formats were used and data did not need to be processed for this challenge. Spatial and

temporal coverage and resolution all matched and were thus adequate for use.
04 Oil spill
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Figure 32. Adequacy indicators for the dataset s used and considered for use in the 6 oi |

platform | e adhdlenge. Colour -codes of specific categories are presented above each indicator.
Generic categories (i.e. relevant to all indicators) are presented at the bottom of this figure.
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6.5 Climate change (WP05)

6.5.1 Challenge description and main results

The Climate Change Challenge evaluates publicly available data on climate change and its effects in
the Arctic Sea Basin. Nine sub-challenges have been set for which parameters have been selected,
focusing on (among others) temperature, ice and phytoplankton. Links to the sub-challenges can be
found below.

During the data collection several things came to light. For some topics, such as sea ice extent for
example, a lot of data from different sources is available. For other topics, such as phytoplankton, it
can be quite difficult to gather useful data for the entire area. For many parameters, data can be
found on a very small spatial and temporal scale, making it difficult to present an overview of the
entire Sea Basin. For certain parameters, this also would not make sense as different parts of the sea
basin can have completely different circumstances. This is the case not only for phytoplankton, but
also for animal behaviour for example. Some practical problems we came across with some examples:

1 Data was asked from SAHFOS, this data is freely available for non -profit research scientists
but not for commercial enterprises, when asked for further information on the data, no replies
followed.

1  For phytoplankton a collection of data is available on the COPEPOD website, however the data
does not cover the entire Sea Basin or the required time period and the data is presented in a
format which needs processing before it can be presented in the preferred way.

1 Data on Sea Ice is available through a portal of NERSC, however the catalogue has quite
technical terms which might confuse non-experts or layman . The same goes for the used
format in which the data can be downloaded, as this is not a standard format for many data
users.

Per sub -challenge the following results are recorded:

6.5.1.1 Time series of average annual temperature at sea surface and bottom

For this sub -challenge there was not enough data available to complete . The data Sea Surface
Temperature is widely spread and freely available, however the data on Sea Bottom Te mperature is
hard to find. No clashes were found in the data . The datasets combined from different sources gave

the same results. For this sub -challenge we feel major gaps are present for sea bottom temperatures,
for sea surface temperatures the data is qu ite spread -out both spatially and temporally.

Because this sub -challenge is quite broad and not clearly defined, in the results multiple options are
given for the viewer to observe.
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Time Series - Near-Bottom and Sea-SurfaceTemperature (°C)
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Figure 35. Sea Surface and Bottom Temperature in 2012, d ata source : Rabe et al. 2015.
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Figure 36 . Time series of area -averaged Sea Surface Temperature ( SST) anomalies [°C] for
August of each year relative to the August mean for the period 1982 -2010 for the Chukchi and
Kara seas and eastern Baffin Bay. The dash -dotted black line shows the linear SST trend for the
Chukchi Sea (the same warming trend as eastern Baffin Bay). Numbers in the legend correspond
to linear trends (with 95% confidence intervals) in °Cl/year (source: Timmermans &
Proshutinsky, 2015).
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Figure 37. A reconstruction of Arctic summer temperatures. The blue line shows estimates
of Arctic temperatures over the last 2,000 years, based on proxy records from lake sediments,
ice cores, and tree rings. The green line shows the long -term cooling trend. The red line shows
the recent warming based on actual observations. From Ka ufman etal. (2009), modified by
UCAR (source: AMAP 2012).
Online sources
Besides the cited literature, t he following online sources have been used and/or consulted for this sub -

challenge:

T http://www.nunatsiagonline.ca/stories/article/656742015_noaa_arctic_report_card_shows_in
creased_heat/
https://www.ncdc.noaa.gov/data -access/marineocean -data/extended -reconstructed -sea-
surface -temperature -ersst -v4
http://www.hypertextbook.com/facts/2007/LylyLi.shtml
http://icoads.noaa.gov/index.shtml
ht tp://www.cru.uea.ac.uk/
http://www.metoffice.gov.uk/hadobs/hadsst3/data/download.html
ftp://ftp.ncdc.noaa.gov/pub/data/noaaglobaltemp/operational/timeseries/

=

=A =4 =4 -4 =4

6.5.1.2 Time -series of average annual internal energy of the sea

For this sub -challenge not enough data was available for completion . The data on this topic is widely
spread and freely available, but is mainly global and not focused on our study area. The results below

give an overview of the North Atlantic ocean, the entire Atlantic ocean, as well as a global overview.

Major gaps in this sub  -challenge are the availabil ity of data and the spatial coverage of the data.
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Figure 38 . North Atlantic Ocean Heat Content for the water layers between the mentioned

depths. Data source : NODC/NOAA.
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Figure 39 . Atlantic Ocean Heat Content. D ata source : NODC/NOAA.
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Figure 41 . Ocean heat content, 1958 T 2009. Source: Becker  (2015).
Online sources
Besides the cited literature, the following online sources have been used and/or consulted for this sub-

challenge:
T  http://www.nodc.noaa.gov/OC5/3M_HEAT_CONTENT/basin_data.html
9 http://www.acs.org/content/acs/en/climatescience/oceansicerocks/thermalenergy.html
9 https://www. climate.gov/taxonomy/term/8390/feed

6.5.1.3 Total ice cover in sea (kg) over past 100 years plotted as time series

For this sub -challenge not enough data was available for completion . The choice was made to focus on
sea ice extent and sea ice thickness instead of cover in kg. The data on this topic is widely spread and
freely available.

Major gaps in this challenge include information on ice cover mass.
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January Northern Hemisphere Sea Ice Extent (1979-2016)
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Figure 42 . Sea Ice extent in the Northern Hemisphere in January, from 1979 to 20186, in million
square km. D ata source : NSIDC.
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Figure 43 . Arctic September sea  ice extent from observations (thick red line) and 13 Coupled
Model Intercomparison Project phase 3 (CMIP3) models, together with the multi -model ensemble

mean (solid black line) and one standard deviation range of model estimates (dotted black line).

Models with more than one ensemble member are indicated with an asterisk. Note that these are
September means, not yearly minima. (Adapted from Stroeve and ot hers, 2007; courtesy of J.
Stroeve.) (source: Kattsov etal.,, 2010).
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Figure 44 . Reconstruction of Arctic summer sea ice variation. (a) Forty -year smoothed
reconstructed late -summer Arctic sea ice extent, with 95% confidence interval, and yearly ice

duration in the (b) Chukchi Sea and (c) Fram strait. (Source: Walsh 2013).

Online sources

Besides the cited literature, t he following online sources have been used and/or consulted for this
challenge:
i Dataon Sealce and Ice Sheets is freely available from the National Snow and Ice Center.

=a =4

6.5.1.4

They offer data from (a.o .) NOAA and NASA in formats such as text files, Shapefiles and PNG.
http://nsidc.org/data/search/#keywords=sea+ice/sortKeys=score,,desc/facetFilters=%257B
%257D/pageNumber=1/itemsPerPage=25

National Snow and Ice Data Center (NSIDC) - http://nsidc.org/data/g10010
Ocean Climate Laboratory (OCL) of National Oceanographic Data Center (NODC)
(http://www.nodc.noaa.gov/OC5/3M_HEAT_C ONTENT/basin_data.html )

Mass of ice lost (or gained) from Greenland expressed as time series

For this sub -challenge enough data was available to complete it. The data on this topic is widely

spread and freely available. No clashes were found in the data found ; the datasets combined from
different sources gave the same results. For this sub -challenge we feel no major gaps are present,
however the data is quite spread -out both spatially and temporally.

sub-
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Figure 45 . Icelossin Greenlandin cm/year  over the period 2003 -2007 . Source: NASA.
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Figure 46 . Cumulative change in the total mass (in Gigatonnes, Gt) of the Greenland Ice Sheet

between April 2002 and April 2015 estimated from GRACE measurements. Eac h symbol is an
individual month and the orange asterisks denote April values for reference. (source: Tedesco et
al., 2015).
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Figure 47 . dM/dt is total rate of mass change, dMa/dt is the component driven by temporal
variations in snow accumulation, and dMbd/dt is the component driven by ablation and ice

dynamics, all averaged by 500m elevation bands over the ice sheet for the 1992 12002 and
2003 i 07 periods. Circled symbols are totals for all elevations weighted by area. (source: Zwally

etal.,, 2011).
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Figure 48 . Components of mass change by drainage system. dMa/dt, dMbd/dt, dM/dt (Gt a 1)
averaged over 500m elevatio n bands for the eight drainage systems for 1992 12002 (black) and
2003 7 07 (red) with totals for 1992 12002 (black symbols) and 2003 1 07 (red symbols).
Accumulation -driven mass increases are largest in DS3, DS4, DS7 and DS8, and dynamic -
/ablation -driven thinni ng is largest in DS3, DS4 and DS8 and very small in DS1, DS2, DS5 and
DS6. (source: Zwally  etal.,, 2011).

Online sources
Besides the cited literature, t he following online sources have been used and/or consulted for this sub -

challenge:
I NASA: nhttp://icesat4.gsfc.nasa.gov/

6.5.1.5 Traditional way of life in the Arctic region, animal behaviour and climate change

This sub -challenge is quite the odd  -one out, because it is both an enormously broad qu estion, as well
as quite qualitative. It was decided to answer this question in text instead of as a time -series or graph
as it will be much more illustrative. Because of the broad question, gaps in data can be found

everywhere. However, there is also a lo t of information available on this topic. To truly answer the

guestion of the availability and quality of data, a more narrow and specified question should be asked.

Climate change can have both direct and indirect effects. Not only higher sea temperature s or melting
sea ice can be seen as a result, entire ecological systems including (human) behaviour can be
impacted as well. It is expected for the polar regions to show the results of climate change before

other regions will, which makes it an ideal study environment for looking into effects of climate change

on (human) behaviour (Berkes & Jolly, 2001). However, before we can study the impact of climate

change on ani mal behaviour I inked to the traditional way
of |ifed and the animals related to this.

The o6traditional way of |ifed can be linked to indigenous

generations ago, often making use of subsistence herding, gathering, hunting or fishing. However,
information on all  different communities in the entire Arctic region is not readily available, which could
be seen as the first gap in knowledge.

During the last century, Arctic regions have modernized enormously. For example, in Greenland

subsistence hunting and fishing i s still widespread, but it is increasingly becoming a leisure activity in
comparison to a 06watnal, 02005) Asimdad chgngecantbe feund in Northern Siberia
(Koptseva, 2014), Alaska (Moerlein & Carothers, 2012), as well as in the Northe rn reaches of Canada
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(Berkes & Jolly, 2001; Searles, 2008), where supermarkets and imported foods now add to the
traditional gathering and hunting (Lougheed, 2010). For this study, no differentiation will be made
between peoples completely depending on a s ubsistence way of life, partly depending on it, or not
depending on it but still applying it for traditional or other purposes.

Because of modernization but also other types of rapid social, economic, and demographic change, as

well as resource  development, trade barriers and animal -rights movements, there have been many
changes in human behaviour and (Nuttel ebdly 2005). 1tis quitechard, wa y
maybe even impossible, to filter out which change led to which exact effect , as many of the changes

will link together and influence each other.

Climate change does not only affect the species used for subsistence reasons, it also affects the

means of gathering them. For example, the shrinking of summer sea ice can lead to a sm aller hunting
area, extreme weather can damage village infrastructure, melting permafrost can lead to altered

spring run -off patterns and changing sea levels and tidal fluctuations can pose dangerous fishing

conditions.

Moerlein & Carothers (2012) describ e fish as being the most reliable subsistence resource in Alaska. In
several communities in the North -West of Alaska the catch contains chum salmon ( Oncorhynchus

keta ), Dolly Varden ( Salvelinus malma ) and several species of whitefish (Moerlein & Carothers, 2012).
It is mentioned the fishing and hunting practices are extremely flexible in response to changing

conditions and needs (Moerlein & Carothers, 2012).

Berkes & Jolly (2001) describe the main species for hunting of a community in the Canadian Arctic a s
musk -ox ( Ovibos moschatus ), lesser snow goose ( Anser caerulescens ), ringed seal ( Pusa hispida ), and
various fish species. During the winter, people hunt musk -ox and, to a lesser extent, caribou ( Rangifer

tarandus ), Arctic foxes ( Alopex lagopus ), wolves (' Canis lupus ), polar bears ( Ursus maritimus ), and
ringed seals ( Pusa hispida ). This study provides a list of examples of local environmental changes and
effects on subsistence activity described by members of the community. Impacts include impacts on

access, safety, predictability and species availability. Examples are: old ice doesn't come in close to

the settlement in summer anymore which makes it more difficult to hunt seals; too much broken ice in

winter makes travel dangerous; from year to year the arri val of spring is different; more rain in the
fall increases chances of freezing rain, which can lead to caribou starving. The effects of these changes

and impacts and the responses of the effected peoples vary. Because of modernization most

communities hav e a wider range of food options now which makes it less vital to directly adept to the
environmental changes. Berkes & Jolly (2001) describe coping strategies such as using different

vehicles for travel, changing hunting areas or waiting for the appropriat e timing as short  -term
responses. On long -term adaption only speculations are made. It is mentioned however that climate
change may not always have a negative effect, with seawater temperatures rising marine fishes of

boreal origin move poleward into the A rctic seas (Christiansen et al.,, 2014) such as two species of
Pacific salmon which were very welcome to the local inhabitants.

Hendriksen & Jgrgensen (2015) describe effects from a combination of modernization, globalization

and climate change on subsiste nce living conditions in Upernavik in Northern Greenland. For the local
communities, since the 19806s Greenland Halibut fish
source of income. Dangerous situations arise when the shorter period of sea ice forces fishing to be
carried out in the dark winter period as well. The same goes for hunting whale and seal. Hendriksen &

Jorgensen (2015) describe that the local communities have been rather resilient and adaptive in

meeting the challenges set by climate change , due to their traditional and local knowledge. However,

they also point out that governance is even more challenging than the changes in the natural

environment; it is not only climate change which threatens the traditional way of life.

As an example, we  can look at the migratory behaviour of caribou. Caribou are a source of food in
traditional ways of life all over the Arctic. An interactive map with caribou habitats can be found here:
http://carma.caff.is/carma -interactive -map . Climate change can have many ways of impacting
caribou, for example through the change of habitat and food accessibility, temperature and other

climatic impacts, see  Table 5.
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Table 5 Climate change impacts on caribou. Source:

map/status -and -trends

Earlier Higher plant ﬂ Core calving
snowmelt growth rate grounds move
on coastal further north
plain T[ Less use of
current calving
grounds
Warmer, ﬂ Earlier peak T[ Movement off of
drier biomass calving grounds
summer ﬂ Plants harden earlier
earlier ﬂ More use of
ﬂ Reduction in insect relief
mosquito habitat in July
breeding sites 11 Avoidance of
I Increased recently burned
oestrid winter habitat
harassment
ﬂ Increased
frequency of
fires on winter
range
ﬂ Fewer
Amushroomn
years
Warmer, More frequent Caribou abandon
wetter fall icing condition s ranges with
severe surface
icing
Warmer, ﬂ Deeper denser ﬂ Increased
wetter snow dependence on
winters ﬂ Icing low snow regions
conditions, 91 stay on winter
especially in range longer
tundra and
arctic islands
Warmer ﬂ More Mov ement slowed
springs freeze/thaw and/or movement

cycles during
spring
migration

ﬂ faster spring

melt

Overall Effect:

unto drier

windswept ridges

ﬂ Cows replenish
protein reserves
faster

T[ Higher calf
growth rate

Increased
harassment will
lower fall body

condition

ﬂ Higher winter
mortality

ﬂ Earlier weaning

Greater over
winter weight loss
higher incidence of

extended lactation

Accelerated weight

loss in spring

http://carma.caff.is/carma

ﬂ Higher probability
of pregnancy
T[ Higher June calf

survival

Reduced probability

of pregnancy

lower over winter

mortality on calves

Higher wolf
predation on cows
and calves due to
use of windswept

ridges

-interactive -

Need for wider calving

ground prot ection

Protection of insect

relief areas important

Need to consider
protection of low snow

regions

Concern over timing and
location of spring
migration in relation to
traditional harvesting

areas

In very general terms the calving range improves but movement and reliance on more northern
portions of the calving range; animals leave calving range earlier; cows and calves suffer reduced

summer and fall body reserves due to incr

ease in oestrid fly harassment; mosquito harassment may

be reduced if summers drier; more frequent icing on fall, winter and spring ranges which depending
on the location of these ranges may have moderate to severe implications to body condition and

surviv al
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In relation to management, the re will be an overall need to assess habitat protection in relation to
climate trends, need to factor climate change impacts on harvest strategy, need to communicate

impacts of climate on harvest patterns and timing and a need to set up comprehensive monitoring
programs .
Sharma et al. (2009) describe the behaviour of t wo herds of caribou in Canada: i Mi

appeared to prefer regions with higher snowfall and lichen availability in the fall and winter. In the

summ er, caribou preferred cooler areas likely corresponding to a lower prevalence of insects, and they

avoided disturbed and recently burnt areas. o They wused model s
these two herds to climate change. The results are quite varying, as the response depends on the

current migratory pattern and habitats and the possible effect of climate change in this: limiting the

range of one herd but increasing the range of the other, limiting both to a certain region (Sharma et

al., 2009). Impacts of such effects on the traditional way of life can include the loss of possible

hunting areas or herds in certain periods of time or permanently, as well as the other way around.

In conclusion, it is not possible to answer this sub -challenge in 0 ne sentence. As everything else in the
natural world, the effects depend on many different factors such as species, distribution, migratory

patterns, herd -specific behaviour , habitat change, etc. etc. It can however be concluded that climate
change impacts the traditional way of life, of which the impact on animal behaviour may be a part.

6.5.1.6 Abundance of three most abundant species of phytoplankton expressed as time
series

This sub -challenge is quite hard to solve, due to the following reasons:
I The study are ais quite broad and is home to many different types of (eco -)systems, which
makes it unwise to generalize the three most abundant species of phytoplankton.
9 Even in small geographical areas the most abundant species may change year to year, so
what is one year the most abundant species may the next year not be the most abundant
species anymore.
9  Most studies seem to focus on either zooplankton or primary production in the broader sense

of the word, mostly focusing on chlorophyll concentrations and not on ind ividual species.

9  The data which is available is quite spread out both on a temporal a spatial level, is presented
in different formats and need s different levels of processing.

9 There seem to be gaps in both time and space of monitored areas in the arctic when it comes
to individual species of phytoplankton. The data found was not up -to-date.

The definition of plankton is a group of organisms in aquatic environments which are carried along by

ocean currents without the means to swim against them. Phytoplan kton are the o6florad plankt
microalgae, and contain chlorophyll for photosynthesis. Primary production in oceans can be measured

through chlorophyll concentrations, however this does not distinguish between different species of

phytoplankton. Dinofla  gellates and diatoms are the two most common classes of phytoplankton.

In the Arctic area, phytoplankton are essential for primary production and serve as the base of the

marine food web. Both the presence of nutrients and light availability limit primar y production, giving
the Arctic area a distinct seasonal character. Upwelling of warm nutrient rich Atlantic Water is one of
the key factors driving primary production.

As described in Hallegraeff (2010): ACI i mat e malifiaatorigle confront s
stressors, such as increased temperature, enhanced surface stratification, alteration of ocean currents,
intensification or weakening of nutrient upwelling, stimulation of photosynthesis by elevated CO2,

reduced calcification from ocean acid ification, and changes in land runoff and micronutrient
availabilityo. Because climate change does not affect the phy
difficult to predict the response of the phytoplankton community. For example, the winter sea ice

decline creates favourable conditions for upwelling, creating in turn favourable conditions for

phytoplankton (Falk -Petersen etal.,, 2015). Other studies however indicate a less favourable condition

for phytoplankton through freshening of the water by m elting ice (Coupel etal., 2015). Larsen et al.
(2014) indicate the decreased sea ice as associated with earlier phytoplankton blooms. It is clear that
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the declining sea ice extent in the Arctic area is contributing to shifts in primary production (Frey et
al., 2015; Logvinova etal., 2015). In 2011, NOAA published a map showing the change in primary
productivity, based on a study by Arrigo & van Dijken (2015), see Figure 49.

The higher ocean temperatures create an increasingly stratified water column, inhibiting nutrient rich
waters to mix with nutrient depleted waters. Amounts of larger phytoplankton such as diatoms are
predicted to be reduced as they need more nutr ients to survive, in comparison to smaller
phytoplankton such as cyanobacteria (Lindsey & Scott, 2010). However, in the polar regions the
reduced mixing will keep the plankton closer to the surface (and sunlight), creating favourable
conditions for an incr  ease in plankton (Hallegraeff, 2010).

Chumge in primmary productivity
300 siles (grwm of carton per spuws meter par yoar)

Figure 49 . Changes in primary production between 1998 and 2000. Browns show declines,
while greens show increases. Increases in primary production were greatest in the eastern Arctic
Ocean, mirroring the areas of greatest sea ice loss in the Kara and East Siberian seas (source:
Arrigo & van Dijken 201 5 and NOAA 2011).

As can be seenon Figure 49,the changein primary production varies in the entire Arctic area. To
answer the question of this sub -challenge, it was decided to not focus on the entire area but to take a
smaller area as an example. The Kara Sea was chosen as it seems to have had a change in primary
production over the years, and phytoplankton on species level is available. As the three most

abundant species of phytoplankton tend to fluctuate over the years, it was chosen to focus on species

groups.
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Data was downloaded from CO  PEPOD (The Coastal & Oceanic Plankton Ecology, Production &
Observation Database - An online database of plankton abundance, biomass, and composition data
compiled from a global assortment of cruises, projects, and institutional holdings, it was created by
NOAA's National Marine Fisheries Service). The data was selected on coordinates roughly edging the
Kara Sea (Longitude between 50 and 100, Latitude between 70 and 80), grouped on species groups
and averaged per year to create time series. The following gr aphs were the results:
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Figure 50 . Data from monitoring cruises in the Kara Sea area, downloaded from NOAA and
sorted on species groups. The units on the y -axis are #/mL.
As can be seen in the above graph, as well as read in the text, diatoms and dinoflagellates seem to be

the most abundant species groups in this area.

200000,00 B Thalassiosira
180000,00 ® Rhabdonema
arcuatum -[ ]-
160000,00 m Nitzschia
140000,00 W Navicula
120000,00 W Melosira
100000,00 W Leptocylindrus
80000,00 W Fragilaria
60000,00 Cyclotella caspia -

[J-

W Chaetoceros

40000,00
m Asterionella
20000,00
0,00 = - I | I - = Other

1981 1988 1991 1992 1993 1994 1995 1996 1997 1998 1999

Figure 51 . Diatom data from COPEPOD, selected on coordinates roughly edging the Kara Sea
(Longitude between 50 and 100, Latitude between 70 and 80), grouped on species groups,
averaged peryear. Theunitsonthey -axis are #/m 3.
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Figure 52 . Dinoflagellate data from COPEPOD, selected on coordinates roughly edging the Kara
Sea (Longitude between 50 and 100, Latitude between 70 and 80), grouped on species groups,
averaged peryear. Theunitsonthey -axisare#/m 3.

From the Biological Atlas of the Arctic Seas 2000: Plankton of the Barents and Kara Seas - physical
and biological data for the region extending from the Barents Sea to the Kara Sea during 158 scientific

cruises for the period 1913 - 1999, phytoplankton da  ta per cruise in Kara  Sea and Barents Sea, the
Kara sea data was downloaded. The most abundant species in this dataset were: Fragilaria spp.,
Thalassiosira spp., Chlorophycota spp., Nitzschia spp. and Melosira spp.. These species groups can
also be seenin the data from COPEPOD.

Online sources
Besides the cited literature, t he following online sources have been used and/or consulted for this sub
challenge:

9  http://earthobs  ervatory.nasa.gov/Features/Phytoplankton/

9 http://www.arcodiv.org/Database/Plankton_datasets.html

T https://www.nodc.noaa.gov/OC5/BARPLANK/WWW/INV_CRUS/inventory.html

T http://www.st.nmfs.noaa.gov/copepod/

1 https://www.climate.gov/news -features/features/sea  -ice-declines -boost -arctic - phytoplankton

productivity

There are n o results yet for: temperature grid, ice co verage grid, and ice cover maps. These will be
addressed in the second DAR.
6.5.2 Data quality
Figure 53 shows the quality indicators for the 80 datasets considered for this challenge. The
accessibility of the data is good as most could be directly downloaded or could be downloaded after
creating an account.  Nearly a Il datasets were available within a day and were free of charge
Approximately half of the data format s had to be converted (processed) before use in this challenge.
Most datasets specifically cover the Arctic Sea Basin ,orpartofit . Asmallerparthas a global spatial
coverage. The spatial resolution  of the data varies considerably, from less than 1 km up to more than
10 km . Temporal coverage is mostly years or even decades, with some covering only months or less.
Temporal resolution also varies, mostly within a range from daily to yearly . Datasets mostly reflect

historical conditions.  Some datasets are  related to a certain water depth or height, but most are
measu red at the water surface.
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Figure 53. Quality indicators for the dataset s used and considered for use inthe 6 cl i mat e

¢ h a n ghalenge. Colour -codes of specific categories are presented above each indicator.
Generic categories (i.e. relevant to all indicators) are presented at the bottom of this figure.

6.5.3 Data adequacy

The adequacy indicators for the datasets used and considered for use in
data considered was adequate for use ( Figure 54). There were many dat asets considered for this
challenge (>80).  There were no budgetort  ime restrictions leading to unusable data. As far as known,
original data formats ~ as well as co nverted data formats ~ were used and most data need ed to be
processed for this challenge. Spatial and temporal coverage and -resolution all ~ (limitedly ) matched
and were thus adequate for use. However, most datasets considered for this challenge were not used.

This was mainly because there was a better alternative available: there were many datasets that are
imate change challenge), which is related to

this challenge show that most

only partly relevant (i.e. have a small overlap with the cl
the broad aim of this challenge. Selecting the usable parts of datasets would require too much time,
knowing that there are datasets available that are more suited for this challenge. Other reasons are:
the webs ite is difficult to search and/or the data is fragmented and thus needs a lot of effort (i.e.
time/budget) to download and process all; unknown or unconventional data formats or; unknown
language.
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Figure 54. Adequacy indicators for the dataset s used and considered for use inthe 6 cl i mat e
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6.6 Coasts (WPO06)

6.6.1 Challenge description and main results

The Coast Challenge aims to produce spatial data layers and time plots for parameters, namely sea
level rise and sediment balance per stretch of coast for the Arctic study area.

6.6.1.1 Sea level rise

Sea level rise is influenced by changes in atmospheric pressure, melting of sea ice and polar ice caps,
and water temperature. A dramatic sea level rise acceleration in the Arctic Ocean was reported in the
1980s. The changes in the patterns of wind -driven and thermohaline circulation may account for most
increase of sea level in the Arctic Ocean and their accumulative action can explain more than 80% of
the sea level variability during 1950 -1990. In light of global change, this sea level rise could be a
manifest of warming in the Artic coupled with a decrease of sea ice extent, warming of the Atlantic
waters, changes in the Arctic Ocean circulation, and an increase in coastal erosion and thawing of
permafrost.

Most important data source for sea level data is the Permanent Service for Mean Sea Level (PSMSL).

The PSMSL global data bank contains data from 1461 stations worldwide of which 95 are located in

the Arctic  Circle and two on Iceland just below the Arctic Circle. The figures below show the locations
of PSMSL stations in the Arctic and the number of stations per country. The data can be downloaded

free of charge from  http://www.psmsl.org/data/ . Thereisn o PSMSL data available for Greenland.
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Figure 55 . Locations of PSMSL stations in the Arctic ( top figure ) and the number of stations per
country ( bottom figure ).
The PSMSL data are reduced to a common datum, namely the Revised L ocal Reference (RLR), which is

defined to be approximately 7000 mm below mean sea level. The figure below shows an example of
time series of annual sea level relative to this RLR at Reykjavik on Iceland.
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Figure 56 . Example of time series of annual sea level relative to the Revised Local Reference
(RLR) at Reykjavik on Iceland.
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For many applications (including climate change studies) the long term time series are required. The

map below shows the locations of sites with at least 40 years of RLR data, which are the most useful
records for studies of long term sea level trends. Note that the coverage of this map is much poorer

than that of the previous map. The number of stations in the Arctic with this long term temporal

coverage amounts to 52. There is no long term data available in Greenland, Canada and the USA.

Permanent Service for Mean Sea Level (PSMSL) stations in the Arctic with at least 40 years data
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Figure 57 . Locations of sites ( top figure ) and number of stations per country ( bottom figure )
with at least 40 years of Revised Local Referenc e (RLR) data.

6.6.1.2 Sediment balance

The sea level rise  also affects the sediment balance, which is defined as the amount of each type of
sediment present along the Arctic coast. Thousands of kilometres of Arctic sea coast retreat 2-6
m/year under that action of shore erosion. This means that tens of square kilometres of Arctic land
are consumed by the sea every year. This shore erosion is a source of sediment coming into the sea
from the land. Therefore, it plays a part in formation of the Arctic sea sediment balance. Sediment
discharge from rivers is a second important input into this the sediment balance.

In this challenge we assess whether the availability, consistency and resolution of existing data in

these aspects is sufficient and if this is the case to calculate the average annual sea level rise and
sediment balance per stretch of coast.
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Figure 58. Picture from IPCC Climate Change 2007: Working Group |: The Physical Science
Basis.
6.6.2 Data quality
Figure 59 shows the quality indicators for the 22 datasets considered for this challenge. The
accessibility of the data is good as all could be downloaded , although in most  cases an account was
required . Nearly all datasets were available within a day . Most were free of charge , four were payed
downloads . Nearly all data formats had to be converted (processed) before use in this challenge. More
than half of the  datasets ha ve a global spatial coverage. The others specifically cover (part of) the
Arctic. Most  of the data sets have a high spatial resolution (< 1 km) . Temporal coverage is mostly

years or even decades, with some covering only months or less. Temporal resolution also varies,
mostly w ithin a range from daily to yearly. Datasets mostly reflect historical conditions. Some datasets

are related to a certain water depth or height, but most are measu red at the water surface.
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Figure 59 . Quality indicators for the dataset s used and considered for use in the
6 c o a shhllénge. Colour -codes of specific categories are presented above each

indicator. Generic categories (i.e. relevant to all indicators) are presented at the
bottom of this figure.

6.6.3 Data adequacy

The a dequacy indicators for the data sets used and considered for use in this challenge show that most
data is adequate for use (  Figure 60). With the ex ception of two datas ets, all datasets considered for
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this challenge were actually used. There were no budget or time restrictions leading to unusable data.
Most data formats had to be converted before use and all data was processed for this challenge.

Spatial coverage of the  datasets (partly) matched the required region of the Arctic Sea Basin. Spatial
resolution and temporal coverage and -resolution of most datasets were limited, although this did not
lead to unusable data. Most of the datasets were essential to this challeng e.
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Figure 60 . Adequacy indicators for the dataset s used and considered for use inthe 6 coast 6

challenge. Colour -codes of specific categories are presented above each indicator. Generic
categories (i.e. relevant to all indicators) are presented at the bottom of this figure.

6.7 Fisheries management (WPQ7)

6.7.1 Challenge description and main results

Changes in the Arctic fisheries places increasing importance on fisheries governance and management
in the region. However, a significant portion of international waters in the Arctic Ocean is currently not
covered by any specific fisheries regulatory framework. The comp ilation of catch data and identifying
gaps are vital requirements to support wide management of the region, and could assist by giving:
1 Indications of declining historic fisheries

1 Indications of new, growing fisheries

1 Measures of track records of fishing by different countries across the region as a whole.

This challenge focuses on compiling vital fisheries data, i.e. removals by the fisheries. The objective of
this challenge is to collect and process fisheries landings data (excluding shellfish) including discards
reptiles and seabirds). The available data has been

and bycatch information (of fish, mammals,

scrutinised to identify current gaps while also considering future use of the data.

Fisheries landings

The term 6 | a n d ismuged for the portion of catch that is brought on shore, while the term 6 cat c h 6
refers to the total fish captures, whether brought on board the vessel and landed or not (i.e. discards).
Thus because landings exclude these discards, the weight of landings is less that the weight of the

catch. For the data presented for this objective it is not always clear whether it relates to commercial
fisheries catch or fisheries landings. The resulting data will be made available later in the project and
addressed in the second DAR
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The source of global marine catch data is the database collected annually by the Food and Agriculture
Organization (FAO) of the United Nations *. Global time series of catch data have been maintained over
more than 60 years and are available through the FAO fisheries and aquaculture database. For
statistical purposes, 27 major fishing areas have been internationally established (see Figure 61).
Major fishing areas 18 (Arctic Sea), 21 (Northwest Atlantic) and 27 (Northeast Atlantic) cover the
Arctic area as defined in the CIA fact book. The FAO fisheries and aquaculture database contains,
amongst others, capture production statistics by country or territory, species item, and FAO Major
Fishing Area.

Figure 61 . Map of Major FAO Fishing Areas (source: FAO).

FAO area 18

As FAO area 18 solely covers the Arctic area (i.e. Arctic sea). Catches can be selected from the FAO
database for this major fishing area. However, it is believed that the current catches stored in the FAO
database for this fishing area are too low to be credible (Zeller etal., 2011). Zeller et al. (2011)
presents a catch reconstruction of the area for the period 1950 -2006. This work has been extended in
time to 2010 in the Seas Around Us Project (http://www.seaaroundus.org/). However, there is an
ongoing debate on the credibility of these reconstructions.

FAO area 21

The Northwest Atlantic (i.e. FAO area 21) is covered by the NAFO convention area which has been
divided into a number of NAFO divisions °. NAFO divisions OA, 1A and 1B cover the Arctic part of the
Northwest Atlantic. Catch statistics by year, country, gear, tonnage, and main species have been
downloaded for these divisions from the NAFO website (21B database) by decade for the period 1960 -
2014. As the different variables (i.e. country, gear, tonnage, main species) are coded in the datasets,
data processing is required in order to present the data. Note that total catch of USA by species is not
included in the data.

* FAO catch data: Catch data can be accessed using the software package FishStatJ which can be
downloaded from the FAO website. In order to access the catch dataset, the global workspace also needs
to be downloaded from the FAO website. The global workspace consists of four datasets; (i) global
capture production, (ii) global aquaculture production, (iii) global commodities production and trade, and
(iv) global production by production source. Once the workspace is imported into FishStatJ the relevant
catch dataset, i.e. global capture production, can be selected. The catch dataset runs from 1950
onwards. The filter option enables one to select relevant major fishing area(s). Source:
http:/iwww.fao.org/fishery/statistics/software/fishstatj/en

® NAFO: The Nort hwest Atlantic Fisheries Organization (NAFO) is an intergovernmental regional fisheries

management organization (RFMO) founded in 1979. |1toés overall ob

consultation and cooperation to the optimum utilization, rational manag ement and conservation of the

fishery resources of the NAFO Convention Areao (http:// www.

twelve) send their annual compilation of information on national catches and landings to the NAFO
Secretariat. Source: http://iww w.nafo.int/fisheries/frames/fishery.html
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FAO area 27

For management purposes, the Northeast Atlantic (i.e. FAO area 27) is divided into ICES fishing
areas®. ICES areas |, Il, Va and XIV cover the Arctic part of the Northeast Atlantic. Catch statistics by
species, area, country and year for these areas have been downloaded from ICES website for the
periods 1903 -1949, 1950 -2010 and 2006 -2014. For the first two periods it is clearly stated that this
concerns landings data, rather than catch data. For the third period it is not that clear.

Discards and bycatch

Within this study the term 6 d i s c a reférs riogtiéat portion of unwanted catch (i.e. fish) which is
returned to the sea for whatever reason. Discards may be dead or alive. Furthermore, the term

6 by c ainh this &tudy refers to incidental catches of mammals, reptiles and seabirds. The amount of
discards and bycatch will depend on the fishing technique that is used. Generally, targeted single
species fisheries generate few discards but can cause incidental bycatch of megafauna, while mixed
fisheries (i.e. fisheries that target several species) may generate higher amounts of discards.
Monitoring programmes, such as observer or self-sampling programmes, are used to estimate the
magnitude of discards and/or bycatch in different types of fisheries. Such collected data is not always
reported, they can be presented in scientific journals or even in grey literature. Estimates of discarding
and bycatch are therefore less readily available than landings or catch data.

At present the available information that has been found on discards and bycatch for the Arctic area is
scarce; only fragmented discards and bycatch information was found (described below). Within this
challenge it is therefore not possible to create a comprehensive overview of discards and bycatch for
the Arctic area.

FAO area 18

Bycatch

The circumpolar Seabird Working Group of the CAFF (Conservation of Arctic Flora and Fauna) has
published a report on Incidental Take of Seabirds in Commercial Fisheries in the Arctic Countries in
1998 (CAFF, 1998). The report examines the available information on incidental take of seabirds in
commercial fisheries in the Arctic countries, namely USA (Alaska), Canada, Finland, Greenland,
Iceland, Norway and Russia. The information presented is characterised by much uncertainty and lack
of data concerning incidental take of seabirds.

FAO area 21

Discards

The Scientific, Technical and Economic Committee for Fisheries (STECF) is actively trying to collate
fisheries dependent information ’. This also includes discards information. Thus far it only contains data
from EU Member States. Discards data for the ICES areas that cover the Arctic part of the Northeast

® ICES: The International Council for the Exploration of the Sea (ICES) is an intergovernmental organization

science organization that Aprovides scientific advice on
internati o n a | regulatory bodies that manage the North Atlantic
(http://www.ices.dk). ICES has been gathering and publishing fisheries statistics since 1904. Annual
nominal catches in the Northeast Atlantic region are officially submitted by 20 ICES member countries
(http://www.ices.dk). The current data is collected and coordinated in collaboration with the Statistical
Office of the European Communities (Eurostat). Source: http://www.ices.dk/marine -data/dataset -
collections/Pages/Fish  -catch -and-stock -assessment.aspx

" STECF: The Scientific, Technical and Economic Committee for Fisheries (STECF) provides input to help the
European Commi ssion implement the EU&6s Common Fisheries

committee on all matters relating to conservation an d management of living aquatic resources. Members
of the STECF are nominated by the Commission. STECF may form internal working groups, whose

meetings can also be attended by invited experts (https://stecf.jrc.ec.europa.eu/). The STECF Expert

Working Group  on Fisheries Dependent Information (FDI) is consulted by the Commission to assess

fishing effort deployed and catches by fisheries and métiers (i.e. a fishing activity which is characterised

by one catching gear group and a group of target species, operat ing in a given area during a given
season). For this, STECF gathers FDI for all EU member states. Time series are provided as far back as
possible for a number of defined fishing areas. Discards statistics are available by species, regulated

gear, vessel | ength and country. Source: https://datacollection.jrc.ec.europa.eu/dd/effort/tables
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Atlantic (I, 1l, Va and XIV) was downloaded from the data dissemination webpage. However, for ICES
areas |, Il and XIV time -series only contain data that are linked to Deep Sea species.

Bycatch

The ICES Working Group on Bycatch of Protected Species (WGBYC) has collated, stored and
summarized annual bycatch data reported by European member states affected by the EC Council
Regulation 812/2004 (ICES, 2015). This Regulation (EC, 2014) obliges member states to monitor
bycatches of cetaceans in certain fisheries, certain periods of the year and certain European waters
and to report the results of the monitoring to the EC. This has resulted in the WGBYC database which
stores collected data on bycatch monitoring and assessment for protected species, including
mammals, birds, turtles, and rare fish. The database runs from 2006 onwards.

Using data collected during 2006 -2008 in the coastal monkfish and cod gillnet fisheries active in the
Norwegian coast, Bjgrge et al. (2013) have statistically modelled the bycatch rate of harbour porpoise
(Phocoena phocoena ). It is concluded that about 6900 harbour porpoises are taken annually in these
fisheries.

Fangel et al. (2015) assessed the incident al bycatch of seabirds in Norwegian coastal commercial
fisheries in 2009. The purpose was, amongst others, to quantify the magnitude of seabird bycatch
rates and estimate total bycatch from the entire fleet by different estimators. Overall, the total
bycatch of the screened fisheries was estimated at around 11000 birds in 2009.

Problems and Gaps

1 Collected data on discards and/or bycatch is less readily available than landings or catch data.
It was therefore not possible to generate overall comprehensive overview of discards and
bycatch in the Arctic area; only fragmented data has been found.

M For the catch data presented here it is not always clear whether it relates to commercial
fisheries catch or fisheries landings.

M  The current catches in the FAO database for area 18 are thought to be too low to be credible.
Alternative catch reconstructions exist but these are based on assumptions of which, in turn,
their credibility is contested.

6.7.2 Data quality

Figure 62 shows the quality indicators for the 14 datasets considered for this challenge. The

accessibility of the data is slightly limited as a few datasets were only available as online viewing.

Howe ver, most data could be directly downloaded with no account required. As far as known, all

datasets were available within a day and free of charge. Most data formats had to be converted

(processed) before use in this challenge. The spatial coverage for mos t datasets is part of the Arctic.
Most of the datasets have a low spatial resolution (>= 10 km). Temporal coverage is mostly years or

even decades. Temporal resolution is mostly yearly or less than yearly . Datasets mostly reflect
historical conditions.  Vertical resolution is either unknown or not assessed for these datasets
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Figure 62 . Quality indicators for the dataset s used and considered for use inthe 6 f i sheri es

ma n a g e mehalteldge. Colour -codes of specific categories are presented above each indicator.
Generic categories (i.e. relevant to all indicators) are presented at the bottom of this figure.

6.7.3 Data adequacy

The adequacy indicators for the d ataset s used and considered for use in this challenge show that most
data is adequate for use (  Figure 63). Half of the datasets considered for this challenge were actually

used. There were no known budget restrictions leading to unusable data. For a few datasets there
were crucial time limitatio ns. These were related to the additional effort required to retrieve the right

data from the source in a usable context (layout, format). Most data formats had to be converted

before use and all data was processed for use this challenge. Spatial coverage o f the datasets only
partly matched the required region of the Arctic Sea Basin , i.e. there were no datasets that fully

matched the area . Spatial resolution of most datasets w as limited, which in one case lead to unusable
data. Temporal coverage and  -resolu tion of m ost of the datasets = matched, a few limitedly matched
and for one d ataset there was no match. As far as known, most datasets had a limited necessity to

this challenge and a smaller part was essential
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Figure 63. Adequacy indicators for the dataset s used and considered for use inthe 6 f i sheri es
ma n a g e mehalteldge. Colour -codes of specific categories are presented above each indicator.
Generic categories (i.e. relevant to all indicators) are presented at the bottom of th is figure.
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6.8 Fisheries impact (WP08)

6.8.1 Challenge description

This challenge focuses on collecting information on the impact of fisheries in the Arctic. Fisheries
impact is interpreted as any disturbance of the seafloor caused by fishing vessels operating mobile
bottom gear. There are several ways to estimate the level of seafloor disturbance depending on the
information available.

It is assumed that there is a relationship between the capacity (number of vessels) or effort (usually
kWdays) and fishing impact. The degree of impact will depend on the fishing technique that is used.
The rationale is that vessels that use heavier gear (e.g. beam trawls) or larger gears (e.g. multiple
combined pair trawls) will need more engine power to haul their nets through the water and over the
sea floor, thus causing an increased impact on the seafloor. This method can work across very
different métiers (i.e. a fishing activity which is characterised by one catching gear group and a group
of target species, operating in a given area during a given season) and fisheries types as long as they
are mobile (towed) gears. Gill nets, fykes and creeling cannot be measured in the same way but have
only minimal impact on the seabed and are therefore excluded from this analysis.

This challenge focuses on compiling information on the actual impact of fisheries in the Arctic. The
objective of this challenge is to collect and process fishing capacity and effort data. Furthermore, as
the degree of impact will also depend on type of habitat that is disturbed, this challenge has also
looked into compiling habitat information for the Arctic area. The resulting data will be made available
later in the project and addressed in the second DAR

Fishing capacity and fishing effort

Fishing capacity is considered to be a fairly crude proxy of fisheries impact (Piet etal., 2006) as there
is no straightforward relationship between fishing capacity and the pressure exerted on the

ecosystem ; only if the vessels that make up the capacity engage in fishing do they contribute to
pressure. Within this challenge the number of vessels per fishing métier has been used as indicator for
fishing capacity.

Fishing effort is a better proxy for fishing impact and more often applied in data -limited situations.
However, again the link between fishing effort and fisheries impact is certainly not directly correlated
as the impact of one unit of fishing effort on the ecosystem may differ between métiers and/or the
sensitivity of the area exposed to that specific fishing method. More sophisticated but also more
accurate indicators for seafloor disturbance require high resolution data such as data that comes from
Vessel Monitoring System (VMS). This data is held by the flag state of the vessel and is often subject
to data protection regulations. As VMS data from specific vessels come under the data protection act it
is not readily available for general use.

At present the available information that has been found on fishing impact for the Arctic area is
scarce; only fragmented data has been found (described below). Within this challenge we therefore
did not succeed in generating an overall overview of fishing impact.

Data
The Scientific, Technical and Economic Committee for Fisheries (STECF) collates fisheries dependent
information for the Northeast Atlantic ®. This also includes effort information (i.e. hours fished) by

8 STECF:The Scientific, Technical and Economic Committee for Fisheries (STECF) provides input to help the
European Commission implement the EUG®)pTh€Commssioncbnsutdtrer i es Pol i cy
committee on all matters relating to conservation and management of living aquatic resources. Members
of the STECF are nominated by the Commission. STECF may form internal working groups, whose
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fishing gear. Maps of fishing effort by year, gear type and ICES rectangle for the period 2000 -2014 for
the Arctic part of the Northeast Atlantic (ICES areas I, Il, Va and XIV i see Challenge 7 for more
information on ICES areas) can be directly downloaded from the STECF website.

The Northwest Atlantic Fisheries Organisation (NAFO) provides monthly catch and effort information
by year, country, tonnage, main species, division and year for the Northwest Atlantic on the NAFO
website (21B database) for the period 1960 -2014 °. However, as the coding of the presented effort is
unclear, it is uncertain whether this information is useable.

Habitat information

Habitat information has been obtained from various sources. Different working groups within the Arctic
Council provide some kind of information on important areas within the Arctic area™. For example, the
biodiversity working group of the Arctic Council (CAFF) presents information on protected and
important areas. Within CAFF 11 Ecologically and Biologically Significant Areas (EBSAs) have been
identified in the Arctic. EBSAs are fispecial areas in the ocean that serve important purposes, in one
way or another, to support the healthy functioning of oceans and the many services that it provides 0
(http://www.caff.is). Furthermore, the working group on Arctic Monitoring and Assessment

Programme identified 97 areas of heightened ecological significance, including 40 areas used by fish
(mostly spawning areas) within the Arctic Large Marine Ecosystems (LMEs). These areas were
identified on the basis of their importance to fish, birds and/or mammals (AMAP/CAFF/SDWG, 2013).
There are also differ ent European initiatives, e.g. EUNIS and MAREANO project, that provide some
kind of habitat information for specific Arctic parts of the Northeast Atlantic. Furthermore, Challenge 3
(Marine Protected Areas) may provide additional information on areas within the Arctic that deserve
special conservation and/or are more vulnerable to fishing.

Problems and Gaps
M It was not possible to generate an overall overview of fishing impact at low spatial resolution
in the Arctic area; only fragmented data has been found. Furthermore, the coding of the
presented unit of effort data is not always clear making it not possible to use the data.
1 Due to privacy issues high -spatial resolution data on fishing impact is not readily available for
general use.
1  Specific organisations that were addressed to identify accessible data did not reply.

6.8.2 Data quality

Figure 64 shows the quality indicators for the 2 1 datasets considered for this challenge. The
accessibility of the data is limited as part of the datasets were only available as online viewing.

However , a large part of the data could be directly downloaded with no account required. As far as

known, all datasets were available within a day and free of charge. One dataset required a payed
account. Most data formats had to be converted (processed) before u se in this challenge.  Most
datasets cover part of the Arctic.  The spatial resolution  varies from < 1 km up to more than 10 km

meetings can also be attended by invited experts (https://stecf.jrc.ec.europa.eu/). The STECF Expert
Working Group on Fisheries Dependent Information (FDI) is consulted by the Commission to assess

fishing effort deployed and catches by fisheries and métiers. For this, STECF gathers FDI for all EU
member states. Time series are provided as far back as possible for a number of defined fishing areas.

Source: https://datacollection.jrc.ec.europa.eu/dd/effort/maps

® NAFO: The Northwest Atlantic Fisheries Organization (NAFO) is an intergovern mental regional fisheries
management organization (RFMO) founded in 1979. | tbés overall ob
consultation and cooperation to the optimum utilization, rational management and conservation of the
fishery resources of the NAFOCo nvention Aread (www.nafo.int). The NAFO member :

send their annual compilation of information on national catches and landings to the NAFO Secretariat.
Source: http://www.nafo.int/fisheries/frames/fishery.html

1% Arctic Council: The Arctic Council is an intergovernmental forum for Arctic governments and people. The
Council promotes interaction among the different Arctic parties on common Arctic issues. The work of the

council is primarily carried out by six working groups, one of which is t he Conservation of Arctic Flora and
Fauna Working Group (CAFF). In addition, Task Forces or Expert Groups may be established to carry out
specific work. Source: http://www.arctic -council.org/index.php/en/
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Temporal coverage is mostly decades. Temporal resolution is mostly yearly or less than yearly.
Datasets mostly reflect historical

or hindcast

conditions.

resolution of > 0 (i.e. measured at certain depth or height).

08 Fisheries impact
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Figure 64 . Quality indicators for the dataset s used and considered for use inthe 6 f i sheri es

i mp a challéenge. Colour -codes of specific categories are presented above each indicator.
Generic categories (i.e. relevant to all indicators) are presented at the bottom of this figure.

6.8.3 Data adequacy

The adequacy indicators for the d ataset s used and cons idered for use in this challenge show that most
data is adequate for use (  Figure 65). Half of the datasets considered for this challenge were actually

used. There were  no known budget restrictions leading to unusable data. For a few datasets there

were crucial time limitations. These were related to the additional effort required to retrieve the right

data from the source in a usable context (layout, format). As faras known, all data formats had to be
converted before use and was processed for this challenge. Spatial coverage of most datasets only
partly matched the required region of the Arctic Sea Basin . There were afew datasets that fully
matched the area  and one dataset did not match at all . Spatial resolution of most datasets was

limited, whichin ~ some cases lead to unusable data. ~ As far as known,t emporal coverage of the
datasets had a (limited) ataset there was no match.  The temporal resolution of
most datasets matched. As far as known, most datasets had a limited necessity to this challenge and

a smaller part was essential.

match and for one d
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08 Fisheries impact

budget restrictions data format data used matching of spatial coverage matching of spatial resolution
30 =
No match (data not usable) No match (data not usable)
Some restrictions (data usable) E Converted format used No E
No restrictions Original format used Yes kﬁ\mllﬁd match (data usable) ’\dmllﬁd match (data usable)
25 - atcl atcl L
20 =
15 =
10 =
2
o 517 r
&
8
3
5 matching of temporal coverage matching of temporal resolution necessity of data for purpose processing of data project time restrictions
g - 30
£ No match (data not usable) No match (data not usable) . Restrictions (data not usable)
5 Limited match (data usable) Limited match (data usable) Limited necessity Rrocessing required Some restrictions (data usan?e)
z | Match Match Yy P! g red No restrictions L 25
Bl t 20
- 15
- - 10
- 5

Not applicable
nggg:enssed g
Figure 65. Adequacy indicators for the dataset s used and considered for use inthe 6 f i sheri es

i mp a challéenge. Colour -codes of specific categories are presented above each indicator.
Generic categories (i.e. relevant to all indicators) are presented at the bottom of this figure.

6.9 River input (WP10)

6.9.1 Challenge description and main result s

Data availability for Rivers Challenge

The objective for the River Challenge of the Sea Basin Checkpoint Arctic project is to provide time
series of the annual input into the Arctic Ocean of: water; water temperature; sediment; total nitrogen
and phosphates; and salmon and eel.

Data Gaps

The data availability is very different for the requested parameters. Most data is available for the

volume of water discharge. For some large Russian rivers time series are quite long, more than 70

years, up to more than 100 years. But many time series ar e relatively short, a few decades in many
cases, and often incomplete. It is worrying that stations have been closed and data is delayed.

The data availability for the other parameters is much worse. Water quality monitoring is expensive,
especially atr emote sites. Therefore measurements are erratic, time series are short and
measurement protocols differ between sites.

Bring and Destouni (2009) have also studied the status of the Arctic monitoring effort. They conclude

that especially the water quality monitoring is fragmented and this restricts environmental modellers,

policy makers and the public in their ability to integrate accessible data and accurately assess bio -
geochemical changes in the Arctic environment. They note that the recent PARTNERS pr oject (now
continued as the Arctic  -GRO) improves the situation, but large areas remain unmonitored. They show

that there is a significant difference between the characteristics of the monitored and unmonitored

areas which limits the possibilities to genera lize hydrological and hydrochemical impact assessments
based on monitoring data. Even if the quality monitoring were at a level comparable to the quantity

monitoring, the short time series still poses a significant problem.

6.9.1.1 Water volume

In climate researc  h the modelling of the hydrological cycle is of key importance. In the hydrological
cycle, the river discharge provides the major link between land and sea. The Arctic Ocean receives
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fresh water from several major rivers while the Arctic Ocean is relativel y small and well confined by
land masses. This makes it the ocean with the largest fresh water influence. The urge to understand

the role of the arctic in climate change has led to several initiatives that gather data on the hydrology

of the arctic. These initiatives have compiled databases containing the water discharge and in some

cases various other parameters for at least the six largest rivers: Ob, Yenisey, Lena, Kolyma, Yukon

and Mackenzie, but in some cases also many small streams. The databases that have been identified
and used to compile time series are:

9 The Arctic Great Rivers Observatory (Arctic -GRO)

I ArcticRIMS

I R-ArcticNET

T ArcticHYCOS

I HYDAT i Wateroffice Canada

9 NWIS United States Geological Survey
All these databases are freely accessible ; in som e cases registration is required.
Arctic -GRO
This project is an international effort to collect and analyse a time series of water samples from the six
largest Arctic rivers using identical sa mpling and analysis protocols. This project focuses on gathering
a complete d ataset on the discharge and constituent loads. The following data -sets have been
gathered:

9 Arctic -GRO II constituent data (2012 -2016): Ongoing; 28 campaigns carried out every othe r

month on the six Great Arctic Rivers
T Arctic -GRO | constituent data (2009 -2011): Completed; 15 comprehensive campaigns with a
focus on freshet (i.e. spring thaw ), late summer, and under  -ice periods; daily samples over
the freshet
PARTNERS constituent data (2004 -2007): Completed; 17 comprehensive campaigns
i This is the only identified data source that provides data on all requested physical parameters

for the major rivers (Water volume and temperature, Sediment, Total nitrogen and

]

Phosphates) .
ArcticRIMS
The ArcticRIMS project is a monitoring system for the hydrological cycle. Therefore its database
contains data like precipitation, runoff, snow cover and air temperature. For this challen ge only the

discharge data are directly relevant and were considered. It appears that the ArcticRIMS discharge
data is linked to the R -ArcticNET discharge data.

R-ArcticNET

The R-ArcticNET database contains the monthly averaged discharges of all large and most small arctic

rivers. The database is hosted at the Water Systems Analysis Group of the University of New

Hampshire. The most recent data in this database is from 2003. It is probably no longer maintained as
the people who worked on this dataset are now contributing to ArcticHYCOS, which contains a

superset of the Arctic discharge data. Also the ART -Russia Temperature Dataset is hosted here.

ArcticHYCOS

The Arctic -HYCOS project aims to improve the monitoring of freshwater fluxes and pollutants into the

Arctic Ocean with the objective of improving climate predictions in the Nor thern Hemisphere and
assessing the pollution of Arctic coastal areas and the open Arctic Ocean. Currently there is a database

with monthly and daily discharge data for all large rivers and many small ones. Currently suitable

monitoring stations are being i dentified to observe the total flow to the Arctic Ocean. There are

ambitions to extend the database with additional parameters (temperature), but first observation

methods need to be standardized (Looser BfG, pers. comm. 2016). This dataset is hosted as a special
subset of the global runoff database at the Global Runoff Data Centre at the Bundesanstalt fuer

Gewaesserkunde (BfG) in Germany.

National agencies

All previously described d  ataset s contain discharge data gathered by the national agencies: United
States Geological Survey (USGS), Wateroffice Canada and the State Hydraulic Institute (SHI) of
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http://www.arcticgreatrivers.org/
http://rims.unh.edu/index.shtml
http://www.r-arcticnet.sr.unh.edu/v4.0/index.html
http://www.whycos.org/whycos/projects/under-implementation/arctic-hycos

Russia. Therefore basically they contain the same data, albeit with potentially different post processing
and data gaps. The USGS and Wateroffice Canada offer dow nload websites where the data can be
downloaded directly from the collecting agency. Apart from discharge also some suspended sediment
concentration measurements were found.

Discharge time series

Time series for the yearly discharge have been created by averaging the monthly averaged discharge

over a year. The stations marked as 6downstream stationodé for
been processed. This is the most complete dataset in terms of spatial and temporal coverage and

other datasets only contain copies of a subset of this data. Therefore no additional data from other

datasets has been used. The datasets for the large Russian rivers typically start early 20th century or

even late 19th century. This makes these rivers interesting for lo ng-term trend detection in climate

studies. However, the recent years discharges are missing, observations stop approximately after

2010. This data will probably be delivered by the SHI in the future (Looser BfG, pers. comm. 2016).

Therecord typicallysta rts in the 606s and 7006s for the North American ri
are available.

6.9.1.2  Water temperature

Two sets of temperature data have been used to compile temperature time series. The Arctic -GRO
database contains temperature, but is only relat ively recent and focuses on the six largest rivers.
Furthermore Lammers et al. (2007) have compiled a temperature dataset for 17 Russian drainage

basins. This data covers a period from 1929 to 2003.

The data have not been average d over the years asthed istribution of samples over the year is not
uniform for all data. This would cause a strong deviation of the average from the true average.

In the figures below the water temperature is presented per river from the datasets described above.

The Mackenzie a nd Yukon rivers only present data from the Arctic GRO database as no data on this

rivers was available in Lammers etal . (2007).
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Figure 66 Water temperature in the Kolyma river from 1929 to 2014 in °C, derived from two
different datasets: Lammers etal.,, 2007 (1929 to 2003) and the Arctic GRO database (2004 to
2014).
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Figure 67 . Water temperature in the Lena river from 1929 to 2014 in °C, derived from two
different datasets: Lammers etal.,, 2007 (1929 to 2003) and the Arctic GRO database (2004 to
2014).

20 Mackenzie . .

Temp [deg C]
S o

[42]
T
L

© ARCADIS 2016

0 1 1
&b o] D
& o )
Figure 68 . Water temperature in the Mackenzie river from 2004 to 2014 in °C, derived the
Arctic GRO database (2004 to 2014).
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Figure 69 . Water temperature in the Ob river from 1929 to 2014 in °C, derived from two

different datasets: Lammers etal., 2007 (1929 to 2003) and the Arct ic GRO database (2004 to

2014).
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Figure 70 . Water temperature in the Yenisey river from 1929 to 2014 in °C, derived from two
different datasets: Lammers etal., 2007 (1929 to 2003) and the Arctic GRO database (2004 to

2014).
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Figure 71. Water temperature in the Yukon river from 2004 to 2014 in °C, derived the Arctic
GRO database (2004 to 2014).
6.9.1.3 Sediment time series
Measured datasets for sediment discharge have not been identified, the best assessment o f the yearly
sediment output of rivers into the Arctic Ocean probably comes from Overeem and Syvitsky (2008)
who use discharge information to model the sediment output.
The most useful information on sediment discharge consists of suspended sediment concen tration

(SSC) measurements. These measurements are labour intensive and therefore scarce.

These concentration measurements can provide a basis to estimate the total suspended sediment

discharge to the Arctic Ocean. If few concentration measurements are a vailable a multiplication of the
SSC and water discharge is very inaccurate. Instead, a relation between discharge and SSC can be
established, which can be used to calculate the suspended sediment discharge.

The bed load sediment discharge to the Arctic O cean remains unobserved. The suspended load is often
the largest part of the total sediment load. Turowski et al. (2010) report on the ratio of suspended to
bed load and find that extrapolation of the total load based on the suspended load is inaccurate.

SSC datasets are available in HYDAT, the USGS database and the Arctic -GRO dataset. For the Yukon
(USGS) the data starts from 1976. The Arctic -GRO dataset starts from 2003. The FAO
database contains average sediment yields for catchments worldwide
Catchment s. |t

-Aquastat
, among which many Arctic

doesnot contain time series however

and
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Instead of presenting time series of the sediment discharge, time series of the suspended sediment
concentration are shown.
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Figure 72 . Time series of the Suspended Sediment concentrations in mg/l for the Kolyma river,
from 2004 to 2015, derived from the datasets as described above.
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Figure 73 . Time series of the Suspended Sediment concentrations in mg/I| for the Lena river,

from 2004 to 2015, derived from the datasets as described above.
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Figure 74 . Time series of the Suspended Sediment concentrations in mg/l for the Mackenzie
river, from 2004 to 2015, derived from the datasets as described above.
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Figure 75 . Time series of the Suspended Sediment concentrations in mg/l for the Yenisey river,

from 2004 to 2015, derived from the datasets as described above.
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Figure 76 . Time series of the Suspended Sediment concentrations in mg/l for the Ob river, from

2004 to 2015, derived from the datasets as described above.

Figure 77 . Time series of the Suspended Sediment concentrations in mg/l for the Yukon river,

from 2004 to 2015, derived from the datasets as described above.
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