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ABOUT THE
OCEAN STATE REPORT
The Ocean State Report is an annual
publication of the Copernicus Marine
Service that provides a comprehensive and
state-of-the-art assessment of the current
state, natural variations, and changes in the
global ocean and European regional seas.
It is meant to act as a reference document
for the ocean scientific and business
communities as well as decision-makers and
the general public.
The Ocean State Report provides a 4-D view
(including forecasts) from above (through
satellite remote sensing data) and from the

interior (in situ measurements) of the blue
(e.g. hydrography, currents), white (e.g. sea
ice) and green (e.g. phytoplankton) ocean.
It draws on expert analysis and is written
by more than 100 scientific experts from
more than 30 European institutions.
Scientific integrity is assured through a
process of independent peer review in
collaboration with the Journal of Operational
Oceanography. This summary highlights
a few selected results of the report and
focuses on ocean analysis for the year 2017.
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For more information on the Pacific region, see Ocean State Report 3 Summary pages 5 and 6.
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ANOMALIES
In this report an “anomaly” is
defined as the difference of a
measurement when compared
to an average over a long time
period. For example, the sea
surface temperature in 2017
(in some areas) was higher than
the sea surface temperature
averaged over 1993 to 2014 in
those same areas.
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COPERNICUS
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FOR THE PACIFIC
OCEAN STATES

We have created an Atlas for the Pacific Ocean States
that delivers ocean data to address the needs of
decision-makers and to meet climate directives.
It responds directly to Fiji’s requests at the 2017
United Nations Oceans Conference for the Sustainable
Development Goal (SDG)14 (for life below water) and
in the 2017 COP23 conference for SDG13
(on climate action).

OCEAN HEAT
CONTENT (OHC)

Temperatures are rising in the surface and deeper
waters of the Pacific Ocean around the islands

Units: Watts/m2
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Ocean Heat Content (OHC) includes
water temperatures at the surface
and beneath the ocean surface. It is
used to track changes in sea level,
stratification, ocean currents, as well
as in marine ecosystems. The ocean
is a major heat source for global
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atmospheric circulation and has
important implications for regional
and global climates, including severe
events. With rising ocean temperatures,
marine ecosystems are also damaged.
Many species suffer or die off, putting
economies and food security at risk.

THERMOSTERIC
SEA LEVEL

Figure: Upper ocean heat content (0-700 metres) in Watts per
square metre (W/m2) trend from 1993-2017.
In this section: the entire figure domain represents "Pacific
Islands total area"*; the blue box represents "Western Pacific
Islands" and the purple represents "Central Pacific Islands."**

The sea level is rising throughout the Pacific Ocean
around the islands

The sea level is rising mainly due to melting ice
and thermal expansion (water expands when
heated, a phenomena referred to as thermosteric
sea level rise). About 40% of contemporary

global sea level rise can be attributed to ocean
thermal expansion. At a regional level, the
thermosteric effect can dominate the sea level
change in the area.

The Pacific Ocean is warming significantly and
this goes hand-in-hand with the sea level rise
in the region.

SEA LEVEL
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Sea level is an important variable to inform
climate adaptation and coastal planning. Sea
level rise can seriously affect human populations
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in coastal regions and natural environments on
land as well as marine ecosystems.

*As defined by the EU Cotonou agreement and served by the EU's ACP secretariat.
**To explore the dynamics inside and outside the Western Pacific Warm Pool, the domain was further subdivided.

Figure: Sea level trend in millimetres per year
(mm/year) from 1993-2017

Did
you
know?

THE PACIFIC ISLAND STATES ARE
PARTICULARLY VULNERABLE TO THE
CHANGING MARINE ENVIRONMENT.
They face unprecedented threats to the 3 pillars of
sustainable development: economy, environment,
and society.

SEA SURFACE
TEMPERATURE (SST)

In addition to the threats caused by ocean
warming, sea level rise and the decrease in
phytoplankton, the Pacific Island States lie in
a path where many devastating storms pass.
Hurricanes / typhoons / cyclones extract heat
from the surface and sub-surface of the
ocean, which acts as a source of energy
making them stronger and last longer.
Sea surface temperature and ocean
heat content are important variables
for forecasting and understanding
these storms and other weather events.

Sea surface temperatures are rising throughout
the Pacific Ocean around the islands

Units: °C/year
Trend from 1993 to 2017
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Sea surface temperature is used to assess
climate change impacts and is essential
for weather and extreme event prediction
(such as cyclones). It is also used to assess
ecosystem health. For example, warming
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can lead to coral reef damage (coral
bleaching) and biodiversity loss, putting
coastal protection, economies and food
security at risk.

CHLOROPHYLL-a
(Chl-a)

Figure: Sea surface temperature trend from 19932017 in degrees Celsius per year (°C/year). Black
dots indicate areas where data is sparse and
there is less confidence.

Overall decrease in phytoplankton in the Pacific
Ocean around the islands

Units: % / year
Trend from 1997 to 2017
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Nearly all ocean life depends on
phytoplankton health. Chlorophyll-a
is used as a proxy to monitor
phytoplankton, which is the base of
the marine food web. Nearly half of
all the production of organic matter
on Earth takes place in the ocean.
Phytoplankton photosynthesis
contributes to more than half of
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the oxygen content in the Earth’s
atmosphere and it consumes an
enormous amount of carbon.
Changes in phytoplankton
populations can impact
ecosystems and biogeochemical
cycling, which in turn impacts
economies and food availability.

Figure: Chl-a trend from September 1997- December 2017
as percentage per year.

!

The Copernicus Marine Atlas
for the Pacific Island States shows
sustained and drastic ocean warming, sea
level rise, and a decrease in the base of the
marine food chain (phytoplankton).

MARINE
HEAT WAVES
(MHWs)

MHWs are when ocean temperatures are extremely
warm for an extended period of time.They can have
a devastating effect on marine ecosystems and
industries (such as fishing and aquaculture).

Marine Protected Areas (MPAs) are marine
regions where human activities are more
strictly regulated for environmental protection.

The Copernicus Marine Service
analyses the impacts of MHWs
in vulnerable areas such as
MPAs. MPAs, which often include
at-risk and coastal ecosystems,
represent zones that are vital to
preserve the Earth’s health and
human well-being. MPAs often
include biologically rich and
productive but also sensitive
ecosystems, such as coral reefs.

UNDERSTANDING THE IMPACTS
OF MARINE HEAT WAVES
The Copernicus Marine Service plays an
important role in monitoring ocean temperatures
through data from satellites, in situ technology,
and numerical models. MPAs are privileged
coastal observatories collecting in situ data.
The combined analysis of these datasets is a
fundamental step forward to support efficient
management and conservation actions in
coastal areas.

COPERNICUS MARINE
REMOTE SENSING

These areas produce large
amounts of oxygen, absorb
CO2, can act as buffers against
extreme waves and weather, as
well as provide a wealth of flora
and fauna (important for local
economies and food security).
Our analysis feeds into meeting
and monitoring international
directives like the United Nations
Sustainable Development Goals
(SDG 2, 13 & 14).

Marine Protected
Area data
and Copernicus
Marine joint
analysis

IN SITU*

*In situ data from T-METNet, which is a Mediterranean Sea coastal observation network (t-mednet.org).

EFFECTS OF WARMING
IN THE MEDITERRANEAN SEA
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LONG-TERM
STEADILY INCREASING
TEMPERATURES
Many species cannot handle the increasing
temperatures and cannot migrate to coolers
waters, reducing their abundance and
distribution - this disrupts ecosystems,
resulting in less biodiversity (affecting food
security).
New species that prefer tropical and
subtropical climates arrive - this can include
invasive species that can disrupt ecosystems
and have major consequences for fisheries
and aquaculture.

EXTREME VARIABILITY SUCH AS MARINE
HEAT WAVES
Non-mobile organisms like algae, sponges and coral can not escape the
extreme environmental conditions and thus become victims of thermal
stress and invasive algae blooms (that thrive in hot conditions). This
means that food and habitat is lost, resulting in mass mortality across the
ecosystem. This also results in economic losses and food security issues
for humans.
Many swimming species are unable to migrate to find cooler waters and
die off in over-heated waters.

INCREASE
IN HEAT

MARINE HEAT WAVES (MHWs)
IN THE MEDITERRANEAN SEA
Multiple areas in the Mediterranean Sea were
affected by MHWs during the summer months of
June, July and August, 2017, particularly in the northwestern Mediterranean Sea, as well as in the Adriatic
and Aegean Seas.

2017

was the 6th warmest
year for sea surface
temperatures on record
(since 1982) in the
Mediterranean Sea

A-C) TOTAL NUMBER OF MHW DAYS BY YEAR AND SEASON SINCE 1982
a) Northern Catalan-Balearic Sea

b) Eastern Levantine Sea

d) Total number of MHW days: MPA Corsica, France

c) Northern Adriatic Sea

Figures (a-c): Time series of the total number of marine heatwave days
by year and by season since 1982. Sea surface temperature satellite
data from the Copernicus Marine catalogue has been used. The black
arrows indicate the year 2017.

Figure d) Total number of MHW obtained from a combined use of in
situ and remote sensing temperature observation. Scandola Marine
Protected Area nearshore waters (“Parc Regional de Corse,” France).
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The Arctic region
is warming twice as
fast as the global mean
and is undergoing
drastic changes
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Since 1993, there has been a sea ice extent loss of
nearly 770 000 kilometres squared per decade. That
is like losing sea ice extent equivalent to well over 2
times the area of Germany every ten years.
There has been a drastic reduction in summer Arctic
sea ice extent. Since the late 1970s until 2017, there
has been a reduction of about 2 million square
kilometres of sea ice extent; this is like losing nearly
4 times the area of Spain over about 40 years (see
the Copernicus Marine Ocean Monitoring Indicators
for this time series).

NORTHERN HEMISPHERE SEA ICE EXTENT AVERAGE BY YEAR
The figure shows the September
average for 2017 (in blue) and the
record low in 2012 (red line) and
the September average for the
period 1993-2014 (in green, which
represents a more average state) of
sea ice extent in the Arctic Ocean.
Evaluated from Copernicus Marine
ocean reanalyses.
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The figure shows the annual mean sea ice extent (1993 to
2017) averaged over the northern hemisphere as expressed in
kilometres squared (km2). Source: Copernicus Marine Ocean
Monitoring Indicators, evaluated from ocean reanalyses.

THE ARCTIC IS BECOMING FRESHER
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Figure shows the annual
mean freshwater content in
kilometres cubed (km3) in the
Arctic. It shows that the Arctic is
becoming fresher (lower levels
of salinity) over time. Source:
Copernicus Marine Ocean
Monitoring Indicator
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There is a huge accumulation of freshwater in the Arctic Ocean as observed since the beginning
of the Copernicus Marine record starting in 1993.
Arctic Ocean freshwater content is increasing at a rate of about 4 423 ± 39 kilometres cubed per
year (km3/year). That is nearly equivalent to adding the amount of freshwater in Lake Erie (in the
US & Canada) to the Arctic every year.
The causes and impacts of the freshwater accumulation is poorly understood and they
potentially range from: links to sea ice and glaciers melt; to changes in water density; to
stressors in ecosystems; to a role in the ocean’s conveyor belt or MOC (see MOC diagram).

WHY DO WE CARE ABOUT
OCEAN CONVECTIONS
IN THE ARCTIC AND
ANTARCTIC?
The Meridional Overturning Circulation (MOC)
can be thought of as the conveyor belt of ocean
currents. This global process is responsible for
transporting enormous amounts of water and
heat around the Earth, and serves to connect the
atmosphere, ocean surface, and the deep sea.
Much of the deep convections that fuel the MOC
occur in the polar and subpolar regions.

Figure shows a representation of the
Meridional Overturning Ciruclation (MOC).
Modified from: Rahmstorf, 2002
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SOUTHERN HEMISPHERE
SEA ICE EXTENT AVERAGE BY YEAR
There was a sharp decrease in sea
ice extent in 2016 and 2017. Since
the beginning of the Copernicus
Marine record in 1993 to around
2015, the Antarctic sea ice extent
was actually slowly but steadily
expanding, with a record high in
2014 that lasted several months.

decade that is not statistically
significant. The rapid change from
sea ice expansion to a sharp loss
starting in late 2014, explains why
the rate of change is low and why
the associated uncertainty is high.
The figure to the right shows the
December average from 19932014 (in green, which represents
a more average state) compared
to the December average for
the year 2017 (in blue) of sea
ice extent in the Antarctic
Ocean. Source: Copernicus
Marine Ocean Monitoring
Indicators, evaluated from ocean
reanalyses.

However, from late 2014 to 2017
there was a loss of some 2 million
square kilometres of sea ice. This
is equivalent to a loss of nearly 4
times the area of Spain in 3 years.
Looking at the entire Copernicus
Marine Antarctic record (from 1993
to 2017), there is a slight growth
rate of 0.57% sea ice extent per

OPEN OCEAN POLYNYA
Ocean convection / mixing is driven
by water density, largely determined
by temperature and salt content. In
general, cold salty water sinks and
warm fresh water rises.

Dense
water

Cold
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Mixing

Warm
+ salty
Deep water formation

The figure shows water convection
processes and how an open water
polynya may occur. The Weddell
Polynya is an open ocean polynya.
Modified from: Céline Heuzé, 2016.
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The figure above shows the
annual mean sea ice extent
(1993 to 2017) averaged over
the southern hemisphere as
expressed in kilometres squared
(km2). Source: Copernicus
Marine Ocean Monitoring
Indicators, evaluated from
ocean reanalyses.

GIANT ICE HOLE REOPENS IN ANTARCTICA
IN 2017 (WEDDELL POLYNYA)
In 2017 a large hole (polynya) in the Antarctic winter sea-ice cover
appeared in the Weddell Sea and the opening reached around 2 600 km2
and up to 80 000 km2 at its peak. It stayed open for almost three months
and this marked the first reopening of the polynya to this extent since it
was first observed in the winters of 1974–76. Though not fully understood,
this is considered a natural phenomenon that could be connected with
convection and ventilation processes.
Deep vertical oceanic mixing started after the Weddell Polynya opened in
2017 but stopped after just two months, probably as sun-induced sea ice
melting released enough freshwater to stabilise the water column.
The Weddell polynya remains a scientific mystery, because it occurs
regularly in climate projections yet only twice to date in the observation
record. It is thus crucial that the Weddell Polynya is actively monitored, not
only to help improve global climate models but because of the Weddell
Polynya's potentially large role in the global ocean circulation (see MOC
diagram) and in local ecosystems.
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The MOC helps to drive and regulate the climate. It is fuelled largely by
differences in water density as well as wind. Changes in water salinity
and temperature, especially at ocean convection sites in the polar and
subpolar areas, could impact the MOC’s strength and physics, possibly
affecting our global climate patterns.

0%
The figure shows the Antarctic sea ice area fraction as a percentage (%) from
the Copernicus Marine global ocean physical model. The circle shows the
Weddell Polynya on October 20th, 2017.

FISHERIES AND
AQUACULTURE:
BENEFITS OF USING
COPERNICUS MARINE DATA
SUSTAINABLE FISHERIES
MANAGEMENT
Operational oceanographic data (such as
temperature, salinity, oxygen, etc.) is of great
value for the monitoring and management
of marine living resources. However, it has
historically not been used in the day-to-day
management of fisheries.

Harnessing oceanographic data represents
a major step forward to move towards
an “ecosystem-approach to fisheries
management”.

PROBLEM TODAY: OCEANOGRAPHIC
INFORMATION IS GENERALLY NOT
USED IN SETTING FISH QUOTAS
A review of the management practices of around
1 250 fish populations globally showed that only
24 of those used ecosystem drivers to inform
their short-term decision making about setting
fishing quotas. Of these, 15 populations (1.2%)
used oceanographic data, while 10 (0.8%) used
the abundances of either the species’ predators
or prey.
*Skern-Mauritzen, M., et al., 2016
(Doi.wiley.com/10.1111/faf.12111)

Many marine organisms are tightly coupled to
their physical and biogeochemical environment.
Some widely recognised variables include:
Most marine organisms are ectotherms (“cold
blooded”), meaning that their body is at the same
temperature as the surrounding environment. As
a consequence, their metabolisms, and therefore
their food requirements, growth rates, reproductive
development and activity rates are all directly
modulated by the temperature of their surroundings.
Salinity can impact the health and distribution of
organisms, particularly in and around regions of
transition between fresher and saltier waters.
Marine organisms consume oxygen and are adapted
to having certain levels in the ocean water.
The concentration of dissolved oxygen is, however,
temperature-dependent (warmer waters contain
less oxygen, for example).

The ecosystem-approach to fisheries management
is beginning to be recognised across many domains
such as for: the commercial fishing industry,
recreational fishers, scientific monitoring of the
abundance and distribution of marine species,
fisheries management plans, international quota
agreements, dynamic ocean management, marine
ecological forecasts to manage living resources, and
projection of future changes.

Chlorophyll-a is a proxy for measuring
phytoplankton, which is the base of the marine
food chain. Changes in phytoplankton composition
and abundance can impact ecosystems and
biogeochemical cycling, which in turn impacts
economies and food availability.
Variations in seawater pH impact marine
ecosystems. For example, a decrease in pH, as a
consequence of climate change, is known as ocean
acidification. It is considered a stressor for a host of
organisms as it hinders photosynthesis, respiration,
calcification, and reproduction among other things.

IMPACTS OF CHANGING MARINE CONDITIONS ON COD STOCKS
With major economic importance in the region, cod is
a typical fish species found in the Baltic Sea. Previous
investigations by the International Council for the
Exploration of the Sea (ICES) have shown that Baltic
cod stocks are subject to stark fluctuations. It should
be noted that marine conditions (such as salinity,
temperature, and oxygen) affect cod stocks directly
through the survival of eggs.

The Copernicus Marine Ocean State Report analysed
the impact of Major Baltic Inflows (MBIs) on the
eastern cod population. This new analysis highlights
the importance of MBIs in shaping a suitable
environment for cod reproduction in this region and
identifies the Bornholm Basin as the most important
spawning ground.

MAJOR BALTIC INFLOWS (MBIs)
Usually occur many years apart. They bring salty
and oxygenated water from the North Sea to the
dead zones in the Baltic Sea through the Danish
Straits. MBIs shape marine conditions in the Baltic
Sea, which in turn impact marine ecosystems. For
more information see the Ocean State Report 2
main report.

MBI

Figure: Map of the Southern Baltic Sea showing locations of the basins. Blue
contour shows geographical extent of cod reproductive volume (CRV) for the
end of December 2016. Red arrow is a schematic indication of the MBI. Source:
Modified after Raudsepp, U., et al., 2017 Copernicus Marine OSR3.

USING OCEAN DATA TO FIND OPTIMAL MUSSEL GROWTH SITES
The Copernicus Marine Service supports the study
of long-term changes in northern European waters,
particularly where aquaculture and fisheries are
impacted. The following oceanic criteria are used to
monitor optimal sites for mussel farming over the past
two decades*:
Need to avoid areas exposed to high waves
(less than 3 meters)
Need to select areas with enough chlorophyll-a
(phytoplankton, the base of the marine food chain)
for optimal mussel growth, but without eutrophication
risks (excess of nutrients due to pollution that
induces excessive algae growth)

10 km

Need to keep coastal distances less than
10 km to optimize costs

*Used in the EU FP7 SAFI project

Such indicators relying on Copernicus Marine
variables provide useful information and trends
for marine spatial planning and management of
coastal activities.

Figure: The changes in optimal mussel growth sites over the past 2
decades (changes from sites in 1998/1999 to sites in 2017/2018) in
northern European waters. Boxes in red indicate areas where some
mussel sites have disappeared. The green boxes indicate regions
where new sites have appeared. Stable areas are indicated in dark blue.
Source: Modified from Bryère, P. et al., 2017 Copernicus Marine OSR3.

ABOUT THE
COPERNICUS PROGRAMME
Copernicus is the European Union's Earth Observation
Programme, looking at our planet and its environment
for the ultimate benefit of all European citizens. It
offers information services based on satellite Earth
Observation and in situ (non-space) data as well as
numerical models.
Vast amounts of global data from satellites, numerical
models, ground-based, airborne and seaborne
measurement systems are being used to provide
information to help service providers, public authorities
and other international organisations to improve the
quality of life for the citizens of Europe. The information
services provided are freely and openly accessible
to its users.
The Programme is coordinated and managed by the
European Commission and includes six services
implemented by different entities.

6 COPERNICUS
SERVICES

ABOUT THE COPERNICUS
MARINE SERVICE
The Copernicus Marine Service (also
referred to as CMEMS) is dedicated to ocean
observation and monitoring. It is funded by the
European Commission (EC) and implemented
by Mercator Ocean International, a centre
for global ocean analysis and forecasting.

SUPPORTS
ALL BLUE SECTORS:

Copernicus Marine provides
regular and systematic reference
information on the state of the
physical and biogeochemical
ocean at the global and European
regional scale. It provides key
inputs that support major EU
and international policies and
initiatives and can contribute
to: combating pollution, marine
protection, maritime safety
and routing, sustainable use
of ocean resources, developing
marine energy resources, blue
growth, climate monitoring, weather
forecasting, and more. It also aims
to increase awareness amongst the
general public by providing European
and global citizens with information about
ocean-related issues.

ABOUT MERCATOR OCEAN
INTERNATIONAL
Mercator Ocean International was selected by
the European Commission to implement the
Copernicus Marine Service in 2014.
Mercator Ocean International, based in France, is
a non-profit organisation providing oceanographic
products that cover the global ocean. Its scientific
experts design, develop, operate and maintain
state-of-the-art numerical modelling systems
that describe and analyse the past, present, and
near-future state of the ocean in 4D (reanalyses,
hindcasts, near-real time analyses and forecasts) .
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JOIN THE COPERNICUS MARINE SERVICE COMMUNITY
Web portal
marine.copernicus.eu

Mercator Ocean
@ MercatorOcean

Service Desk’s email
servicedesk.cmems@mercator-ocean.eu

MercatorOcean

C O N TACT

karina.von.schuckmann@mercator-ocean.fr
gratianne.quade@mercator-ocean.fr

Linkedin Mercator Ocean
https://www.linkedin.com/company/mercator-ocean/
Tutorials on CMEMS YouTube channel
Copernicus Marine Service

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.

Citation: von Schuckmann, K., P.-Y. Le Traon, N. Smith, A.
Pascual, S. Djavidnia, J.-P. Gattuso, M. Grégoire, G. Nolan
(2019): Copernicus Marine Service Ocean State Report, Issue
3, Journal of Operational Oceanography, in press.

In accordance with the terms of the Creative Commons
Attribution-Non-Commercial-No Derivatives License, this
summary properly cites and does not alter nor transform the
original work.

Full Ocean State Report can be found at:
https://www.tandfonline.com/toc/tjoo20/current
Disclaimer: This summary is written in collaboration with both
scientists and communications professionals and it is intended
to provide some context and basic scientific explanation
surrounding the key findings of the Ocean State Report.

June 2019 - Layout : Atelier JamJam.

Collaborative Forum
http://forum.marine.copernicus.eu/

Copernicus Marine Service
@CMEMS_EU

