Overview of the Copernicus Marine Environment Monitoring
Service Products Available for the Arctic Region

A.L. Kholod

Marine Hydrophysical Institute, Russian Academy of Sciences, Sevastopol, Russian Federation
e-mail: antonholod@mail.ru

The Copernicus Marine Environment Monitoring Service is one of six services (ocean, atmosphere,
land, emergency situations, security and climate changes) launched by the European Union within the
EU Earth observation program. The data in the monitoring system covers both the entire World
Ocean and individual European basins. The paper reviews the products of the Copernicus Marine
Service operational system available in the Arctic. At the present time this region is of the increased
interest both in Russia and in the world community. The system products include information on the
thermodynamic, biogeochemical and bio-optical state of the marine environment. The system
products are accessed through the electronic catalog of products. Selection criteria and possibilities
for searching interesting information through the interactive web-portal are given in the paper. The
system products containing the data of model calculations, satellite and in situ measurement results
are considered. Spatial and temporal characteristics of the products are given, information on by
whom, how the product was obtained and what is its accuracy is represented. The results of the
system products visualization by the integrated tools (they allow one to construct and analyze time
series, profiles, horizontal and vertical sections) are shown. All the system data is publicly available
to the registered users. Regular changes and updates of the system products as well as the
mechanisms for accessing them take place. This information is sent to users by e-mail and is available
on the news flash of the web-portal.
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Introduction. The Copernicus Marine Environment Monitoring Service
(further — the Copernicus Marine Service) started to operate in April, 2015 [1]. It is
based on the acquisition of satellite data on the state of the ocean and their
subsequent assimilation into various mathematical models of the marine
environment state. The Copernicus Marine Service operates both for the entire
World Ocean as a whole and for marine basins individually. Its prototype is a
system developed during the implementation of the European projects: MyOcean
and MyOcean2.

Data access is carried out through an interactive web-portal (see its main page
screenshot in Fig. 1). The data in the Copernicus Marine Service system is
presented in the form of products. They include both the digital data and the
information about the way the product was obtained and its accuracy. For this
purpose, each product on the web portal has two following documents attached: a
product user manual (contains a detailed description of the process of product
creation, the initial data, models, variables contained in the product, the format of
data representation, the mechanisms for downloading digital arrays, etc.) and a
quality information document (contains information about the algorithms used to
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evaluate the data quality and a description of the data regarding which the quality
of the product was assessed, as well as the accuracy estimates).

An interactive web-portal allows one to select the products of the system
according to the following criteria: regional domain, parameters, temporal
coverage and data type.

The selection of products is carried out in the following regional domains:
Arctic Ocean, Baltic Sea, European North-West Shelf Seas, Iberia-Biscay-Ireland
Regional Seas, Mediterranean Sea, Black Sea and Global Ocean. The computation
for each of these regional domains is carried out by the corresponding forecast
center.

It is possible to select the system products depending on the set of information
they contain. The following parameters are available: temperature, salinity, current
velocities, sea surface height, sea ice, wind, optics, chemistry, biology and
chlorophyll.
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Fig. 1. The Copernicus Marine Service interactive web portal
The web portal tab TEMPORAL COVERAGE gives the possibility to select

products using the time factor. There are the following categories: forecast
products; near real-time products; multi-year products; time invariant products.
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According to the type of data contained, the products are divided into three
groups: the results of model calculations, satellite measurements and in situ
measurements.

The present article provides a brief overview of the products of the Copernicus
Marine Service operational system available for the Arctic region. The division of
these products according to the aforementioned criteria is presented in the table
below.

The system products for the Arctic region are considered depending on the
type of data contained they contain. Each product has a unique symbolic name.

Amount of the System Products Available for the Arctic
Region depending on the chosen criterion

Amount of the products

Criteria .
available
Parameters
Temperature 6
Salinty 4
Current velocities 3
Sea surface height 8
Ice 7
Wind 3
Optics 5
Chemistry 3
Biology 2
Chlorophyll 7
Temporal Coverage
Forecast products 2
Near real-time products 17
Multi-year products 10
Time invariant products 0
Data Type

Results of model calculations 4
Satellite measurements 21
In situ measurements 2

Results of model calculations. For the Arctic region there are calculation
results by the four models below available at the Copernicus Marine Service. The
first two ones are working in the operational mode; the products corresponding to
them are daily updated.

The product ARCTIC_ANALYSIS FORECAST_PHYS_002_001_a contains
the results of calculations by HYCOM the physical model [2 — 4], carrying out a
10-day forecast cycle. For data assimilation, which is carried out once a week, the
Kalman filter is used [5, 6]. At the output, the user can access the fields of
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temperature, salinity, current velocities, sea surface height, ice thickness, ice speed
and mean ice cover area (Fig. 2).

The product ARCTIC_ANALYSIS_FORECAST_BIO_002_004 contains the
results of calculations by the NORWECOM biological model [7] integrated with
the HYCOM physical model. A 10-day forecast cycle is daily performed; the daily-
mean parameters of the concentration of chlorophyll, nitrates, phytoplankton,
phosphates, carbon and oxygen are available to the user.
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Fig. 2. An example of visualization of sea surface temperature calculation data obtained using the
HYCOM physical model

The product ARCTIC_REANALYSIS_PHYS 002 003 is a retrospective
analysis (reanalysis) of the monthly-mean three-dimensional physical fields of the
Arctic region for the 1991 — 2010 period. The HYCOM model was used in the
calculations; in situ and satellite data were assimilated applying the Kalman filter.

The product ARCTIC_REANALYSIS_BIO_002_005 contains the reanalysis
data of the biological fields of the Arctic region for the 01.01.2007 -
15.12.2010period. The calculations were carried out using the HYCOM -
NORWECOM model; since 01.01.2008, the satellite data of optical scanners
applying the Kalman filter had been assimilated.

All the system products, except the biological reanalysis, have a spatial
resolution of 12.5 km. The biological reanalysis data is available with a spatial
resolution of 25 km. Model calculations were carried out at the depths of 5, 30, 50,
100, 200, 400, 700, 1000, 1500, 2000, 2500 and 3000 m.

It should be noted that the forecasting center, carrying out calculations for the
entire World Ocean, also includes the Arctic region. The results of the calculation
of the World Ocean state fields by the hydrodynamic model are presented in the
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product GLOBAL_ANALYSIS FORECAST_PHY_001 024. It was obtained based
on the NEMO model [8 — 10] V. 3.1. There is the Arakawa C-grid used; horizontal
spatial resolution is 1/12° (~8 km); vertical nodes are located on 50 non-equidistant
horizons. The user has both daily-mean and instantaneous for every 2 h fields of
temperature, salinity, current velocities, sea surface height, ice thickness, ice speed
and mean ice cover area available (Fig. 3). The model assimilates satellite
measurements of sea surface height and temperature, vertical profiles of
temperature and salinity, taking into consideration the melting of icebergs. As an
atmospheric effect, 3-hour atmospheric forcing fields are used. They are taken
from the European Centre for Medium-Range Weather Forecasts (ECMWF) [11],
which carries out a 7-day forecast cycle daily.

Variable: | sea_water_potential_temperature |

Units: degrees_C Time: 20160512 ¥ | 00:30:00.000Z ¥ | Depth (m): |-0-49 7
-

29940214

ok

19.269

haxfill A
opague v
| linear v

-2.0727285

Fig. 3. An example of visualization of sea surface temperature calculation data obtained by the
NEMO physical model

Satellite measurements. Temperature. The system product
SST_ARC_SST_L4_NRT_OBSERVATIONS_010_008_b is created by the
Norwegian Meteorological Institute (MET.NO) and contains data on the sea-
surface temperature of the 4™ processing level with 0.03 x 0.03° spatial resolution.
For this purpose, the satellite data of radiometers in the infrared (IR) and
microwave ranges are used.

Additionally for the Arctic region, the Danish Meteorological Institute (DMI)
created the product SEAICE_ARC SEAICE L4 NRT_OBSERVATIONS 011 008,
containing data on the water surface temperature and ice with 0.05 x 0.05° spatial
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resolution. The product has been developed on the basis of measurements of the
AVHRR radiometer installed on the MetOp-A satellite.

Both products of satellite measurements of the sea surface temperature are
daily updated. An example of the visualization is shown in Fig. 4.
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Fig. 4. An example of visualization of satellite data of sea surface temperature

Sea surface height. The Center for the Preparation and Processing of Satellite
Altimetry Measurements (Toulouse, France) daily provides data on the sea surface
height anomalies for the entire World Ocean and separately for the Arctic region (the
products SEALEVEL_GLO_SLA L3 _NRT_OBSERVATIONS_008_017 and
SEALEVEL_ARC_SLA L3 NRT_OBSERVATIONS_008_025 respectively). The data
has a 3 level of processing; the spatial resolution is 14 km. There is also a product of
processing of 4n level altimetric measurements -
SEALEVEL_GLO_SLA MAP_L4 NRT_OBSERVATIONS_008_026. Its  spatial
resolution is 0.25°, the data is daily updated, the daily-mean fields are available to
the user.

Examples of visualization of these products are shown in Fig. 5. In addition to
the operational products, the Center for the Preparation and Processing of Satellite
Altimetry Measurements has created two products for the reprocessing of sea
surface height anomalies.
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The 31 processing level product
SEALEVEL_GLO_SLA L3 REP_OBSERVATIONS_008 018 contains information
for the 25.09.1992 — 22.04.2015 period; the spatial resolution is 7 km. The 4"
processing level product
SEALEVEL_GLO_SLA_MAP_L4 REP_OBSERVATIONS_008 027 includes data
for the 01.01.1993 — 22.04.2015 period; the spatial resolution is 0.25°.

Product id: SEALEVEL_GLO_SLA_L3_NRT_UBSERVATIONS_DOg_017 Product id:  SEALEVEL _GLO_SLA MAP L4 NRT_OBSERVATIONS 008 026

Dataset: |mku Global Ocean Along track Sea Lavel Anomakies SSALTOMuacs L3 Datasel |NRI merged all satellites Global Ocean Gridded Sea Level Anomalies L4
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Fig. 5. An example of visualization of the results of processing satellite altimetry measurements: a —
tracks of satellite measurements of sea surface height; b - map of sea surface height anomalies

In addition, there are time invariant products, for example, the product
SEALEVEL_GLO_MDT_L4 REF_OBSERVATIONS_008 013, which contains
information on the mean dynamic topography of the entire World Ocean,
obtained by averaging the altimetry measurements for 7 years (1993 — 1999);
the spatial resolution is 0.25°. The product
SEALEVEL_GLO_REF20YTO7Y_L4_OBSERVATIONS_008_034 is an addition
to the mean dynamic topography for 7 years to obtain the new mean dynamic
topography for 20 years (1993 — 2012); the spatial resolution is 0.25°.

Ice. For the Greenland waters, the operational service of the Danish
Meteorological Institute issues a daily-mean map of ice concentration. This data is
contained in the product SEAICE_ARC SEAICE L4 NRT_OBSERVATIONS 011 003,
which is updated about 2 times a week (Fig. 6, a). The spatial resolution is 0.5 km.
The data are available from 01.05.2009 to the present day.

For the waters from Eastern Greenland to Novaya Zemlya the Norwegian
Meteorological Institute operational service also issues daily-mean maps of ice
concentration.  This data is updated daily in the  product
SEAICE_ARC_SEAICE_L4_NRT_OBSERVATIONS_011 002, their spatial
resolution is 1 km. The maps are available from 01.04.2010 to the present day.
Like the product SEAICE_ARC SEAICE L4 NRT_OBSERVATIONS 011 003, the data
of locators with synthesized aperture installed on Envisat (till April, 2012),
Radarsat and Sentinel-1 satellites, including the data of MODIS scanners and
NOAA satellites in the visible and IR ranges, is used here.
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Additionally, the Danish Meteorological Institute on an irregular basis prepares data on
the concentration of icebergs with the 10 km spatial resolution based on the use of locators
with a synthesized aperture. This information is contained in the product
SEAICE_ARC_SEAICE_L4 NRT_OBSERVATIONS_011_007.

The product SEAICE_ARC_SEAICE_L3 REP_OBSERVATIONS_011 010
contains data on ice drift in the Arctic region (Fig. 6, b). It is based on
measurements of the ASCAT and QuikSCAT scatherometers, as well as their
combination with radiometric data. Spatial resolution is 0.5°, the weekly and
monthly mean data is available for the 01.10.1999 - 30.04.2012 period.
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Fig. 6. An example of visualization of satellite measurement processing results: a — map of ice
concentration; b — map of ice drift

Wind. For the entire World Ocean, including the Arctic region, the data on
near-surface wind velocity is available through the Copernicus Marine
Environment Monitoring Service. This data is contained in three products of the
system:

—  WIND_GLO_WIND_L3_NRT_OBSERVATIONS_012 002 product is
developed on the basis of remote measurements of ASCAT and OSCAT
scatterometers, spatial resolution makes up 0.125°. The data is available since
12.03.2012, it is updated every day (Fig. 7, a);

—  WIND_GLO_WIND_L4 _NRT_OBSERVATIONS_012 004 product is
developed on the basis of remote measurements of ASCAT, OSCAT scatterometers
and ECMWF data. Spatial resolution is 0.25°, temporal resolution — 6 h. The data is
available since 15.11.2012 (Fig. 7, b);

— WIND_GLO_WIND_L4 REP_OBSERVATIONS_012_003 product contains
reprocessing of near-surface wind velocity fields carried out on the basis of ASCAT
scatterometer data for 16.05.2007 — 16.04.2012 period. Spatial resolution is 25 km,
the data is averaged over the month.
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Product id:  WIND_GLO_WIND_L3_NRT_OBSERVATIONS_012_D0? Productid:  WIND_GLO_WIND_L4_NRT_OBSERVATIONS_D12_004

Dataset: Ginbal Oeaan - Wind - METOP-A ASCAT - 12km daily Dasernding =] Dataset: | Global Ocean - Wind Analysis - Dlendod ASCAT-OSCAT - B Haurly =]
Variable:  _wid.speed variable:  _widspeed |
Units: m Time: |20ve009 =] =l Elevation (m): |1500412817 = nits: o Time: |2016-0308 =

w1

Fig. 7. An example of visualization of scatterometer satellite measurement processing results: a — the
third level of processing; b — the fourth level of processing

Optics. Marine Laboratory (Plymouth, England) develops the products containing
the data on the coefficient of diffuse light attenuation on 490 nm wave length as well as
on sea surface reflectance for Copernicus Marine Service in the Arctic region.
OCEANCOLOUR_ARC_OPTICS_L3 NRT_OBSERVATIONS_009 046 product
contains daily averaged satellite data, it is updated every day and is available in
near real time (NRT) mode and in delay time (DT) one. In DT mode the data is
provided with a delay of several days but its quality is better due to meteorological
and navigational information usage.

OCEANCOLOUR_ARC_OPTICS_L3 REP_OBSERVATIONS_009 068 product has
been created on the basis of SeaWiFS, MODIS/Aqua and MERIS scanner data and
contains reprocessing of the following fields: sea surface reflectance, volume
absorption coefficient of radiative flux in sea water due to dissolved organic matter
and non algal particles, volume absorption coefficient of radiative flux in sea water
due to phytoplankton, volume backwards scattering coefficient of radiative flux in
sea water due to particles, emission absorption coefficient for photosynthetically
active radiation. The product includes daily averaged fields for 04.09.1997 -
31.07.2012 period. Spatial resolution makes up 1 km.

Chlorophyll. Marine Laboratory in Plymouth provides the data of MODIS and VIIRS
scanners on the chlorophyll concentration in the sea water in the operational mode. This data
is contained in OCEANCOLOUR_ARC CHL L3 NRT_OBSERVATIONS_009 047
product. The data was obtained by using OC5 [12, 13] and OC488 [14] regional
algorithms. The access to the data is possible in two modes — NRT and DT. DT data
is provided the delay of several days and it also has a better quality due to the
usage of meteorological and navigational information. Spatial resolution makes up
1.2 km. An archive contains the data from 31.10.2013 to the present time.

OCEANCOLOUR_ARC_CHL_L3_REP_OBSERVATIONS_009 069 product
is a reprocessing of chlorophyll concentration in the sea water fields performed on
the basis of SeaWiFS, MODIS/Aqua and MERIS scanner data. OC5 and OC488
regional algorithms are applied. Daily averaged fields for 04.09.1997 — 31.07.2012
period are available for the users of Copernicus Marine Service.
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In situ measurements. There are two products for the Arctic region
containing the information on in situ measurements. IIpomykT
INSITU_ARC_NRT_OBSERVATIONS 013 031 product is updated daily and
contains the data of in situ measurements carried out in NRT mode (delay time is
up to 48 h, automatic data quality control is performed at that). An archive contains
the data from 10.10.2010 to the present time. Measurement data is provided by
members of Arctic ROOS community [15]. The product includes information on
temperature, salinity, components of current velocities, sea surface level,
chlorophyll and oxygen.

INSITU_ARC_TS_REP_OBSERVATIONS_013 037 product contains the
archived data of temperature and salinity in situ measurements fro 10.10.1990 -
31.12.2013 period. The data is provided by the members of Arctic ROOS and
SeaDataNet NODCs communities.

Conclusions. Copernicus Marine Environment Monitoring Service has rather
wide range of operational system products for the Arctic region. This data is freely
available and is regularly updated and supplemented. It is important to point out
that each product of the system is described in detail in the user manual and the
data on its accuracy is also given. The system has a user-friendly toolkit for the
data visualization and analysis. Copernicus Sea Service regularly reports on
updates and changes in the system products as well as on mechanisms for
accessing them. This information is sent to the users by e-mail and is available in
the news feed of web portal.
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