SUMMARY
OF THE COPERNICUS MARINE ENVIRONMENT
MONITORING SERVICE OCEAN STATE REPORT 2016

Written by 80 scientific experts from more than 25 European institutions, this
first Ocean State Report is a step forward into the development of regular annual
reporting on the state and health of the global ocean and European regional seas
based on Copernicus Marine Environment Monitoring Service products.

THE COPERNICUS MARINE
ENVIRONMENT MONITORING
SERVICE OCEAN STATE REPORT
This report provides a comprehensive and state-ofthe art assessment of the state of the global ocean
and European regional seas for the ocean
scientific community as well as for policy
and decision-makers. It will contribute to the
reporting tasks and activities of European
environmental agencies (e.g. EEA) and
international organizations (e.g. IPCC, United
Nations Sustainable Development Goal 14). In
addition, the report aims at increasing general
public awareness about the status of, and
changes in, the marine environment.
The Ocean State Report draws on expert
analysis and provides a 4-D view (reanalysis
systems), from above (through remote sensing
data) and directly from the interior (in situ
measurements) of the blue (e.g. hydrography, currents),
white (e.g. sea ice) and green (e.g. chlorophyll) global
ocean and European regional seas. This first issue
provides information on the physical ocean state and
change over the period 1993–2015. Scientific integrity
is assured through the process of independent peer
review in collaboration with the Journal of Operational
Oceanography.

A total of 26 different Copenicus
Marine
Service
products
from ocean reanalysis, direct
observations (in situ) and remote
sensingdata during the period
1993-2015 have been used in
this report.

MULTI-YEAR PRODUCTS
REANALYSES

IN SITU

SATELLITE

NEAR-REAL-TIME PRODUCTS
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PRINCIPAL FINDINGS
Principal findings of the first Ocean State Report focus on the fundamental role of
the oceans in the Earth’s climate system; as an energetic and biogeochemical buffer
affecting the ocean’s physics and chemistry; and as regulator through its ability to
absorb and transport large quantities of heat, moisture, and biogeochemical gases
around the planet.

Changes in 2015
Anomalous changes
are reported for the
year 2015 relative to
the reference period
1993-2014,
using
parameters such as
ocean temperature
and salinity, sea level,
ocean heat, sea ice
extent,
chlorophyll
and oxygen.

After Copernicus Marine Environment Monitoring Service
Ocean State Report 2016, JOO

1993-2015 trends

Adopted from Copernicus Marine Environment Monitoring Service Ocean State Report 2016, JOO
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The
first
issue
reports on a number
of trends, including
decreasing Arctic and
increasing Antarctic
sea ice extent, global
and regional sea
level rise, sea surface
temperature rise and
the warming of the
global and European
regional seas.

ESSENTIAL VARIABLES
The monitoring of “Essential Variables” in the
Ocean State Report is a robust information
reference based on the Copernicus Marine
Environment Monitoring Service physical and
biogeochemical product repository over the last
three decades aiming to respond to the need
for faster and better-coordinated information
on changes in the marine environment.

required to support the work of the United Nations
Framework Convention on Climate Change, the
Intergovernmental Panel on Climate Change as well
as to support many ocean services.

Essential Variables are physical, chemical or
biological variables that critically contribute
to the characterization of Earth’s climate and
of the oceans. This concept has beenbroadly
adopted in science and policy circles.

The Global Climate Observing System (gcos.wmo.
int) and the Global Ocean Observing System (iocgoos-oopc.org) programs developed the concept of
‘Essential Variables’ (in particular ‘Essential Climate
Variables’ and ‘Essential Ocean Variables’) that are

SEA SURFACE
TEMPERATURE

Since 1993, SST has increased by 0.4°C globally and more than 1°C in
European regional seas. In 2015, SST was anomalously high in most areas of
the global ocean and the European Seas.

SUB-SURFACE
TEMPERATURE

Warming of the upper and deep global ocean and European regional seas
occurred at rates up to 0.05°C per year during the last three decades. North
Atlantic cooling is reported at depths of more than 1000m affecting ocean
climate.
Anomalously high and low salinity waters dominate in the upper ocean in 2015,

SURFACE AND SUBand are linked to climate modes and ocean circulation. The 3-decadal trends
SURFACE SALINITY confirm the link to changes in the Earth’s water cycle.

SEA LEVEL

Sea level rose at mean rates of 2.6 to 3.3 mm/year since 1993 and up to 3
times faster at regional levels. In 2015, the Baltic Sea experienced anomalous
high sea levels, while they were anomalously low in other European regional
seas.

CHLOROPHYLL

In 2015, regional responses to climate variability (e.g. El Niño) and changes in
hydrographic ocean conditions led to significant surface chlorophyll changes.

CURRENTS

Tropical Pacific surface currents were affected by El Niño in 2015. Since
1993, the western boundary current systems in the northern hemisphere have
experienced interannual to decadal regime shifts.

SEA ICE

One of the lowest Arctic summer sea ice extents over the past 20 years is
reported. A decline of up to 16% of Arctic sea-ice extent is found since 1993,
while there is significant increase in Antarctic sea ice extent.

3

LARGE SCALE CHANGES
The Ocean State Report monitoring capability offers a unique insight on global
changes in ocean climate and its physical state. The storage of heat and its redistribution through the mean and smaller scale circulation systems are known to play
a fundamental role in our Earth’s climate system, globally and for the European region.
OCEAN HEAT CONTENT

The only practical way to monitor climate
change across time scales is to continually
assess Earth’s system energy, mainly in the
form of heat. The Earth’s main repository
of energy is the ocean, and the Ocean State
Report findings confirm the warming of the
upper global oceans at a rate of 0.6 W/m2
and at a rate of up to 0.9 W/m2 in the regional
European seas during 1993-2015.

After Copernicus Marine Environment Monitoring Service Ocean State Report 2016, JOO

OCEAN MASS AND HEAT TRANSPORT

Mean meridional ocean mass and heat
transports provide a robust baseline for
monitoring the large-scale ocean circulation.
In 2015, the global meridional heat transport
is observed to weaken in the northern
hemisphere, and to strengthen in the southern
hemisphere.

After Copernicus Marine Environment Monitoring Service Ocean State Report 2016, JOO

ATLANTIC MERIDIONAL
OVERTURNING CIRCULATION

The Atlantic overturning circulation controls
both the global ocean climate at decadal and
longer time scales as well as the formation
of new water masses. The time-series of
North Atlantic overturning at 26°N show no
significant trend for the 1993-2015 period,
but decreasing inflow from the North Atlantic
into the Arctic Ocean is monitored.

After Copernicus Marine Environment Monitoring Service Ocean State Report 2016, JOO

MESCOSCALE ACTIVITY

The energy of mesoscale activity - ocean
signals with space scales of 50-500 km and
time scales of 10-100 days - can exceed the
energy of the mean circulation by an order of
magnitude or more. The report provides an
overview of mesoscale activity distribution in
the global ocean and the regional European
seas and their anomalous values in the year
2015.

After Copernicus Marine Environment Monitoring Service Ocean State Report 2016, JOO
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REGIONAL SEAS
IBERIAN-BISCAY-IRISH REGION

NORTH ATLANTIC - ARCTIC
EXCHANGES

This area is a complex dynamic region with
a remarkable variety of ocean physical
processes and scales involved, in particular
coastal upwelling conditions along the
western Iberian and African continental
shelfs. A specific focus is given in this
first Ocean State Report on these coastal
upwelling processes due to their importance
on the marine environment, carbon cycles
and fisheries, which can have important
societal impacts.

The Atlantic water flow plays an integral
part in defining the physical and biological
borders between the boreal and Arctic
realm through their transport of heat and
biogeochemical properties such as nutrients
and zooplankton. Changes of these exchange
flows are expected to have consequences
on the regional ocean climate and their
ecosystems. Variability of the Atlantic Water
flow to the Barents Sea has been found to
move the position of the ice edge as well
as the habitats of the various species in the
Barents Sea ecosystem, which can have
fundamental societal consequences. The
Ocean State Report follows these exchanges,
and highlights the anomalous low northward
flow in 2015.

MEDITERRANEAN SEA
The Mediterranean Sea covers 0.7% of the
global ocean surface, and has only a restricted
communication with the world ocean.
However, it is one of the main “hot-spots”
of climate change and is known to respond
to climatic changes with amplified signals.
Demographic growth and overexploitation
are also exerting exceptional pressure on the
Mediterranean environment, its ecosystems,
services and resources. In this issue of the
Ocean State Report, the general surface
circulation is reviewed. In 2015, anomalous
strong circulation regimes are reported
during the year 2015.

NORTH WESTERN SHELF
The North-West European Shelf are adjacent
to a number of European countries and have
some of the strongest tides in the world. The
seasonal mean current field is presented in
the Ocean State Report. The surface currents
in 2015 were much stronger compared to the
1994-2013 mean, in particular in the North
Sea and Celtic Sea during winter time, and
around Ireland and Scotland during summer
time.

BALTIC SEA
The Baltic Sea is a huge brackish water basin
in northern Europe and is only connected
to the North Sea through very narrow and
shallow channels in the Danish Straits.
Major Baltic Inflows bring large volumes
of saline and oxygen rich water into the
Baltic Sea which have a major impact on
the hydrography and whole ecosystem
conditions in the Baltic. The Ocean State
Report shows that such a major inflow event
took place in the year 2015.
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FOCUS ON SPECIFIC EVENTS
Unusual and severe events taking place in the marine environment can have large even worldwide - impacts on society. The Copernicus Marine Environment Monitoring
Service provides the opportunity for a coordinated effort in monitoring and reporting
on such events. In this chapter, four phenomena are focused upon that have appeared
to be unusual during 1993-2015.
THE 2015 EL NIÑO EVENT
The most striking event in 2015 was
the occurrence of a strong El Niño in
the tropical Pacific Ocean. This event
displays a very strong signature in all
Essential Variables as shown in the
first chapter of the Ocean State Report.
For example, from the central Pacific to
the coasts of Peru and Ecuador strong
warming of surface and subsurface
waters are monitored, resulting in a
heat exchange of 15 ZJ (1ZJ = 1021J)
with the rest of the Earth system.

After CMEMS Ocean State Report 2016, JOO

THE NORTH ATLANTIC
COOLING EVENT

HARMFUL ALGAE BLOOMS IN THE
BALTIC SEA

Physical ocean processes in the
subpolar North Atlantic Ocean are
known to modulate our climate,
in particular over the European
continent and North America. In
2015, this climate sensitive area is
characterized by anomalous cold
temperatures in the upper 1000m.
The regional heat storage and
density field are affected leading
to associated changes in ocean
circulation.

Harmful algae blooms have a global distribution and
affect a number of marine ecosystems and associated
industries such as fisheries, aquaculture and tourism. In
the first issue of the Ocean State Report, the distribution
of blooms of diazotrophic (nitrogen fixing) cyanobacteria
in the Baltic Sea is discussed. The harmful algae blooms
are considered as a major environmental problem in
the Baltic Sea, and while 2015 was not a year with a
strikingly high number of blooming days, a significant
number of events were recorded in summer from the
southern Bothnian Sea to the Bornholm strait, affecting
most of the Baltic Sea basins.

EXTREME SEA-LEVEL EVENTS
Present-day sea level rise may lead to greater impacts of storms on the coast through coastal
flooding and/or damage to coastal infrastructure. Storm surges are generated by severe windstorms
and their magnitude is larger for those basins with shallower waters such as the European Seas.
In 2015 up to nine of these extreme storms were identified in the North Sea, in particular for the
Scottish stations and along the western coast of Sweden. Between 1993-2015 the largest interannual
variability occurred in the Baltic Sea.
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THE COPERNICUS
MARINE ENVIRONMENT
MONITORING SERVICE
Dedicated to ocean observation and monitoring, the Copenicus Marine Environment
Monitoring Service, or Copernicus Marine Service, is one of the elements of the
Copernicus programme funded by the European Union.
The Copernicus Marine Service provides regular and systematic core reference
information on the state of the physical oceans and European regional seas.
The Copernicus Marine Service is designed to serve many public, commercial and
scientific purposes including major EU policies, combating pollution, protection
of marine species, maritime safety and routing, sustainable exploitation of ocean
resources, marine energy resources, climate monitoring and hurricane forecasting.
It also aims at increasing general public awareness by better informing European
citizens about ocean-related issues.
The French centre for analysis and forecasting of the global ocean, Mercator Ocean,
has been entrusted by the Europan Commission to implement and operate the
Copernicus Marine Service of the European Union.

ANY QUESTIONS?

communication@mercator-ocean.fr
http://www.copernicus.eu/

THE OCEAN STATE REPORT IS VISIBLE AT :
http://marine.copernicus.eu/first-issue-ocean-state-report-now-available/
Implemented by

The Ocean State report is a supplement of the Journal of Operational Oceanography (JOO), an official Publication of the Institute
of Marine Engineering, Science & Technology (IMarEST). Published by Taylor & Francis Group.

