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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
Netson River
75 km3fy Ob
404 kmfy Pechora
140 KMy
Northern Dvina
106 km3y
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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