
Acidification of Europe's seas: 
an overview based on the European Climate Adaptation Database

Summary

European marine regions range from open oceans to almost entirely land-locked. The European Union member States are responsible for more than half 

of the regional seas surrounding the European continent and outermost regions (> 5 700000 km2). 206 million people (41% of EU population) livesin 

coastal regions (2011)1. European seas include a wide range of marine and coastal ecosystems, ranging from the stable environment of the deep ocean to

highly dynamic coastal waters. 

European Union policy initiatives that focus on the sustainable exploitation of marine resources are:

Å Common Fisheries Policy (CFP)

Å Integrated Maritime Policy (IMP) maritime spatial planning (MSP)

Å Thematic Strategy on the protection and Conservation of the Marine Environment (includes the Marine Strategy Framework Directive(MSFD))

Å European Strategy for Marine and Maritime Research

Å EU Biodiversity Strategy

Å Blue Growth Strategy

ThepHof oceansurfacewatershasalreadydecreasedfrom anaverageof about8.2 to 8.1 sincethe beginningof industrialrevolution. If the atmospheric

CO2 levelbe over936ppm2 this would result in 0.3-0.4 pHunit decreasingby 2100whichmeansthat the oceanwouldbe about100-150%more acidic.

Measurementsat time-seriesstationsnear the CanaryIslandsconfirm a 0.02 pH drop over the last decadeand correspondingdecreasesin saturation

statesof both calciteand aragonite. The averagesurfacepH of the BlackSeais substantiallyhigher than that of the Balticand MediterraneanSeas.

Differencesin surfacepHbetweentheseseasarelargelyexplainedbydifferencesin carbonateion concentrations. Therelativechangein the pHisslightly

more in the BalticSeawhere the carbonateion concentrationis lowest,and it is slightlylessin the BlackSea,wherecarbonateion concentrationsare

highest.

10% of the Artic Ocean may become corrosive to calcium carbonate already by 2020.

Surface-waters of the Baltic Sea could become corrosive to all forms of calcium carbonate well before the end of the century.

No danger of surface waters becoming corrosive to CaCO3 before 2100, but sharp reductions in CO3
2- concentrations (Med Sea: -37%, Black Sea: - 45%). 

Mediterranean Sea

Å surrounded by 22 countries

Å coastline of 46000 km

Å 480 million people (1/3 along coastal regions)

Å 175 million tourists

Å 10000-12000 marine species in the Mediterranean Sea, 20-30% are endemic

Å Mediterranean Sea has already warmed 0.67ϲC over the last 25 years

Å the acidity of NW Mediterranean seawater has increased by 10% since 1995

Å far the largest driver of the acidification of Mediterranean Sea is the absorption of atmospheric CO2.

Å if we continue to emit CO2ŀǘ ǘƻŘŀȅΩǎ ǊŀǘŜΣ ŀŎƛŘƛǘȅ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ŀƴƻǘƘŜǊ ол҈ ōȅ нлрлΣ ŀƴŘ мрл҈ ōȅ 2100

Å important sectors that could potentially be affected by ocean acidification:

Åtourism (gorgonians and other corals disappear, and jellyfish outbreaks increase) 

Åfisheries (1.4 million tonnes, primarily small pelagic fish)

Åaquaculture (marine and brackish aquaculture produces 180 thousand tonnes of shellfish and more than 1 million tonnes of 

fish annually. Harvest of shell-forming species, including mussels, clams, oysters had a value about 225 million EUR in 2012).

Å the ecosystems of the area are already stressed by increased temperature, overfishing, invasion of alien species and 

eutrophication

Å MediterraneanSea region has been identified as one of the main climate change hotspots

Å warmingand acidification are rapidly altering marine life in Mediterranean Sea :

ÅSE (south eastern) Mediterraneanspecies are already shifting northward to cooler waters

Åmany organism die during summer due to combine effect of extreme warning and acidification. 

Å Impacts of ocean acidification and warming on marine organism varies, because of differencesin sensitivity: 

Åmarine bacteria and viruses appear less sensitive

Åsome planktonic organism are more directly harmed by acidification, while others by warming

Åthe combined effects can strengthen their impacts on some species

Åacidification and warming modify the abundance and functioning of both phytoplankton and zooplankton groups living in 

the Med. Sea. Including those of shell-forming organism like pteropodsand coccolithophores.

Åfish larvae (eat such plankton) could be at risk of starvation in the future; this can have a negative impact of fisheries 

population

Åocean acidification on fish are not well-studied, but may occur through changes in essential fish habitats or on other parts of 

the food web

Åacidification may lead to harmful algae blooms

Åwarming and acidification may increase negative impact on shellfish, especially early life stages

Åacidification affect jellyfish distribution patterns (certain species of jellyfish thrive in a warmer, more acidic ocean. Increased 

jellyfish outbreaks on the southeasternMed. coast would considerably decrease annual tourism revenue.) 

Åacidification impact major contributors to habitat building such as reefs

Å acidification causes reduction in the ability of coastal marine organism to resist corrosion of their shells or skeleton

Å Three iconic ecosystems in the Mediterranean particular vulnerable to changes in ocean chemistry:
1. Seagrass(Posidoniaoceanica) meadows: known as a hot-spot of biodiversity in the Med. sea, supporting hundreds of 

species as a shelter and nursery. Seagrassthrive well at increased CO2 levels, but major groups such as corals, sea urchins 
and calcified algae are removed from the ecosystem and can be replaced by invasive species of algae.

2. Vermetidreefs: structured built by living organism (such as marine snails) that rises from the bottom towards the surface of 
the sea. Equally important for their biodiversity and shore protection.

3. Coralligenousreef: accumulation of calcareous encrusting algae. Major touristic attraction covering large sections of the 
Med. coastal waters from the depth of a few meter to over a hundred meters. The highly diverse community of these reefs 
hosts one of the most iconic and commercially important species, the Red Coral (Coralliumrubrum), which are at particularly 
high risk.  

Å What can we do to mitigate the impact of acidification and warming on the MediterraneanSea?
Åreduce other environmental stresses (pollution, overfishing, habitat destruction)
Åcreate effective marine protected areas
Åuse marine spatial planning to promote the conservation and sustainable management of coastal ecosystems as major 

carbon sinks

Å Implementation of ecosystem-based adaptation strategies is needed.
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Project name Duration Funding Key words Geographic characteristics Partners Description Websites

MEECE:

Marine Ecosystem Evolution in a Changing 

Environment

2008-2013 EC Seventh Framework 

Programme (FP7)

Decision support systems, guidelines, impact 

assessment, indicators

Europe: Baltic Sea, North Sea, 

Atlantic Area, Mediterranean

22 partners lead: Plymouth Marine 

Laboratory (UK)  

How marine ecosystems respond to combinations of multiple climate change and anthropogenic drivers.

Special work packages on ecosystem response to climate change and acidification

www.meece.eu/

VECTORS: 

Vectors of Change in Oceans and Seas Marine 

Life, Impact on Economic Sectors

2011-2015 EC Seventh Framework 

Programme (FP7)

Marine ecosystems, human pressure, biodiversity, 

invasive species, outbreaks, fisheries, ocean 

acidification, ecosystem service, ecosystem goods, 

ballast water

Europe:

Baltic Sea, North Sea, 

Mediterranean

37 partners lead: Plymouth Marine 

Laboratory (UK)

How environmental and man-made factors are impacting marine ecosystems now and how they will do so in the 

future.

www.marine-vectors.eu

VECTOR: 

Vulnerability of the Italian coastal area and 

marine ecosystems to climatic changes and 

their role in the Mediterranean carbon cycles

2006-2001 Various Italian 

Ministries, Integrated 

Special Fund for 

Research (FISR)

Coastal areas, biodiversity, carbon cycle, sea level 

rise, fishery, Mediterranean, impact scenarios, 

wetland

Europe: Mediterranean 8 partners, lead: CoNISMa ςNational 

Inter-University Consortium on Marine 

Sciences (IT)

Most significant impacts of climate change on the Mediterranean marine environment and the role of this basin on the 

planetary CO2 cycle. Possible future impact scenarios on the Italian coasts.

vector.conismamibi.it/sito%20i

nglese/e-index.htm

MedSea:

Mediterranean Sea acidification in a changing 

climate

2011-2014 EC Seventh Framework 

Programme (FP7)

marine ecosystems, acidification, scenarios, 

economic effects, Mediterranean

Europe: Mediterranean 16 partners, lead: Universitat 

!ǳǘƼƴƻƳŀ ŘŜ .ŀǊŎŜƭƻƴŀ ό9{ύ

Projectionsof Mediterranean acidification under the influence of climate change as well as associated economic 

impacts. Projections based on new observations of chemical conditions, new observational and experimental data on 

the responses of key organisms and ecosystems to acidification.

medsea-project.eu/

SUSFISH 2009-2012 EU INTERREG-IVA 

Ireland/Wales 

Programme

environmental conditions, productivity, 

oceanographic modelling, environmental 

parameters, scenarios

Europe: Atlantic Area 5 partners, lead: Bangor University 

Wales (UK)

Guidelinesfor future (50-100 ys) fisheries management, ensuring sustainable development of the shellfish industry in 

Ireland and Wales.

How current commercial shellfish productivity in the Irish Sea will respond to changes in temperature, salinity, water 

quality (eutrophication, acidification), sea level rise and changes in ocean current regimes.

www.susfish.com/

UKOA:

UK Ocean Acidification Research Project

2010-2015 Various UK ministries 

and councils 

ocean acidification global lead: 6 organisation

other partners: 17 

(each from UK)

Reduce uncertainties in predictions of carbonate chemistry changes and their effects.

Understand the responses to ocean acidification, and other climate change related stressors, by marine organisms, 

biodiversity and ecosystems and to improve understanding of their resistance or susceptibility to acidification.

Provide data and effective advice to policy makers and managers. 

www.oceanacidification.org.uk

EPOCA: 

European Project on Ocean Acidification

2008-2012 EC Seventh Framework 

Programme (FP7)

Modelling, acidification, carbonate, ocean 

biochemistry

Europe, Caribbean Area, 

Macronesia, Indian Ocean 

Area

29 partners, lead: Laboratoire 

ŘϥhŎŞŀƴƻƎǊŀǇƘƛŜ όCwύ

Fill the numerous gaps in our understanding of the effects and implications of ocean acidification. www.epoca-project.eu

CARBOCHANGE: 

Changes in carbon uptake and emissions by 

oceans in a changing climate

2011-2015 EC Seventh Framework 

Programme (FP7)

Modelling, carbon exchange, acidification, climate 

change, carbon cycle

Europe, Caribbean Area, 

Macronesia, Indian Ocean 

Area

28 partners, lead: Geophysical 

Institute and Bjerknes Centre for 

Climate Research, University of Bergen 

(NO)

Bestpossible process-based quantification of net ocean carbon uptake under changing climate conditions. The actual 

observations of the changing ocean carbon sink will be integrated with the ocean carbon models, a coupled land-

ocean model, an Earth system model of intermediate complexity, and fully fledged Earth system models.

carbochange.b.uib.no/

BIOACID II: 

Biological Impacts Of Ocean Acidification 

2012-2015 Federal Ministry of 

Education and 

Research (Germany)

pelagic ecosystems, benthic assemblages, natural 

reefs, species interactions, ocean services

Artic, North Atlantic ocean, 

Baltic sea

15 partner (each from Germany), lead: 

GEOMAR Helmholtz Centre for Ocean

Research, Kiel(DE)

More encompassing assessment of future biological responses to ocean change and their possible socio-economic 

consequences. Better understanding of the chain from biological mechanisms, through individual organism responses, 

through food web and ecosystem effects, to economic impacts.

www.bioacid.de

North Atlantic (Artic ocean, Baltic sea)

Å Has the highest proportion of the anthropogenic carbon distributed throughout the whole water column

Å The loss of sea ice of Artic has implication for ocean acidification since open waters absorb more CO2 from 

atmosphere

Å Artic surface water is already close to undersaturationwith respect to aragonite

Å the Arctic may experience corrosive surface waters in the near future

Å interactive effects with warming and expanding hypoxia

Å certain calcareous taxa (e.g. planktonic foraminifera) are actually increasing in abundance, a trend 

associated with climate shifts in Northern Hemisphere temperature

Å ocean warming may increase general productivity in the North Atlantic, which increase in fish catch

Å ocean acidification could constrain this increase in catch potential 

Å bivalves are likely to be impacted by ocean acidification

Å effects of acidification on adult fishes may be small and indirect

Å The long-term resilience of cold water coral reefs to ocean acidification is a concern and their continued 

role as a nursery habitat for fishes is unknown.

Å fisheries and aquaculture:

Åmajor regional political, social and cultural importance in coastal European countries 

Åa large fraction of the economies of Greenland, Iceland and the Faroe Islands

Å The people most vulnerable to the impacts are Arctic indigenous people who depend critically on fisheries 

for their diet and income.

In April 2013 the EuropeanCommissionadoptedthe EUstrategyon adaptationto climatechange(knownas
White Paper)whichaimsat makingEuropemore capableto faceclimatechangeby reducingthe vulnerability
of its sectors,systems,people and assets. It sets out a framework and mechanismsfor taking the EU's
preparednessfor currentandfuture climateimpactsto a newlevel. TheWhitepaperisaccompaniedbyseveral
workingdocuments,oneof it concernswater,coastsandmarineissuesincludingoceanacidification. Basedon
the EuropeanClimateAdaptationDatabasethe poster presentationprovidesan overviewof researchand
knowledgeprojectsdealwith the acidificationof9ǳǊƻǇŜΩǎseas.

Table1. Recentresearchprojectson acidificationof ���µ�Œ�}�‰���[�•seas

Figure1. Annualaverage sea surface temperature anomaly, referenced to the average 1970-2012

1 European EnvironmentAgency,(2014): Marine messages. Our seas, our future τmoving towards a new understanding. http://www.eea.europa.eu/publications/marine-
messages
2 RCP8.5 in ICCP(2014): ClimateChange2014: Mitigation of ClimateChange. Contributionof WorkingGroup III to the Fifth AssessmentReportof the IntergovernmentalPanel 
on ClimateChange[Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. 
{ŎƘƭǀƳŜǊ, C. von Stechow, T. Zwickeland J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdomand New York, NY, USA.
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