








such as fishing pressure, co-determine the state of fish
stocks. There is a need for multi-disciplinary research,
linking marine biology and fisheries economics, to
assess the scale of impacts to fisheries. Fisheries
management models including the effect of ocean
acidification should be developed.

A better understood consequence of ocean acidifica-
tion is the reduction of calcium carbonate precipitation
by shells of marine organisms, including commercially
valuable shellfish, crustaceans and corals. The eco-
nomic value of coral reefs is primarily linked to their
function as a habitat and nursery for commercial fish
stocks, acting as a natural barrier for coastlines, and
for the provision of recreation and tourism opportuni-
ties. Assuming a conservative value?® of $100000/km?2/
yr, the global economic value associated with reefs is
in the order of $30 billion/yr. Since ocean acidification
is expected to impact a major part of these reefs within
this century, it is plausible that the loss of coral reefs
will amount to a loss of tens of billions of dollars per
year. The economic value of damage to coral reefs
due to ocean acidification has recently been estimated
for the first time24 and losses were found to be of the
order of 0.18% of global GDP in 2100. This is one
order of magnitude smaller than the estimated impact
of climate change but still represents a substantial
economic loss. Further research is required to refine
these damage estimates and to extend the scope
of analysis beyond coral reefs to other potentially
impacted marine resources. Similarly, a recent case
study of the evolution of US commercial fishery rev-
enues, focusing especially on mollusks, indicated that
substantial revenue declines, job losses, and indirect
economic costs may occur due to ocean acidification,
and proposed possible adaptation strategies designed
to support fisheries and marine-resource-dependent
communities, many of which already possess little
economic resilience.2?

An important aspect of these damage estimates is
their distribution across populations, regions and
countries. Economic losses from ocean acidifica-
tion, like many other effects of climate change, fall
disproportionally on the residents of developing
countries. Fish provides more than 20% of the pro-
tein for more than 2.6 billion people (FAO estimates,
2007), but is much more important in the developing
countries where people still rely on reef fisheries and
shellfish collecting. Similarly, coral reefs are generally
located in developing countries and provide important
ecosystem services for poor coastal communities.
Socio-economic research is required to assess the
distributional consequences of ocean acidification
and the impact on the livelihood of the poor.

The effect of ocean acidification on the global economy
will depend on adaptations of the marine ecosystem
as well as on human adaptation policies. Both are
difficult to anticipate, making it difficult to calculate
economic impact. A collaboration of natural and social
sciences is required to research the potential for adap-
tation in both ecosystems and human systems, and
the interplay between the two. The costs of adapting
to ocean acidification need to be assessed.
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Study of ocean acidification in offshore mesocosm CO,
perturbation experiments. Photo: IFM-GEOMAR, DE

3) Monitoring and data requirements

Monitoring networks

It is highly recommended that all European marine
sites, including those already in the European Ocean
Observatory Network (EuroSITES, www.eurosites.
info), act as oceanic carbon system data providers,
which will include the North-East Atlantic and northern
North Atlantic ocean areas from 20°N to 70°N, together
with the Baltic, Mediterranean and North Seas. The
“Implementation and Networking of large-scale long-
term Marine Biodiversity research in Europe” project
(BIOMARE, www.biomareweb.org), established under an
EU FP5 programme, should also be incorporated since
the diversity of European coastal ecosystems will likely
show a similar diversity in responses to ocean acidifica-
tion and it is coastal sites that generally provide most
ecosystem services, for example, recreation, aquacul-
ture, etc. These sites can be accessed through and are
maintained by the MARS network of European Marine
Institutes and Stations (www.marsnetwork.org). Existing
long-time series should be maintained and new sensors
and sampling/collecting devices should be developed.
The biological pump should be monitored for changes
in organic carbon and calcium carbonate production
and export, as it has the potential to decrease oceanic
natural carbon sequestration. Such data should then
be contributed to, for example, CDIAC, part of the ICSU
World Data Center for Trace Gases (cdiac.ornl.gov).

Geological perspective

Rates of change and magnitude of perturbations of
the carbon system are still uncertain. Their quantita-
tive reconstruction is essential to conclude from past
ocean acidification events on the impact of ongoing
ocean acidification. For instance, the largest benthic
biological extinction event of the last ca. 100 Myr, the
PETM, coincides with the largest global ocean acidifi-
cation event. However, not only did the ocean become
more acidic at this time interval but (bottom) water tem-
peratures increased in parallel. It requires, therefore,
targeted studies to unravel the roles that ocean acidi-
fication and hydrographic changes played in this mass
extinction. Carbonate dissolution was not equally dis-
tributed worldwide during the PETM, although the exact



geographical distribution is largely unknown. Since the
impact of ocean acidification during the Eocene ther-
mal maxima has been studied mainly in relatively deep
(>1 km) settings, little is known from continental margins
and marginal seas. It is still virtually unknown whether,
and to what extent, ocean acidification affected calcify-
ing organisms themselves.

4) Dissemination, outreach
and capacity building

Communicating on ocean acidification to stakeholders
(policy makers, funders, media, public, etc.) is important.
Clear messages should be defined and used consist-
ently across the sector, including confidence limits. A
system should be put in place to share best practices
and success stories.

A number of key stakeholders have been identified:

e Communication to research- and potential

industry-funders

Many research funding organisations are already
aware of ocean acidification and are funding research
in this area. However, they are not necessarily aware
of the full spectrum of European activities in this area
or the gaps in research. Therefore, European research
relevant to ocean acidification is too fragmented
and poorly coordinated. A strong effort by Europe
to coordinate its own ocean acidification research
would stimulate activities while enabling resources to
be optimised by eliminating gaps and duplications.
Equally important will be the social and economic
consequences of ocean acidification, meaning that
communication with the general public and all poten-
tial funders is crucial.

e Communication to the climate change

research community

Surprisingly, many researchers in climate change,
including those working on mitigation and adaptation
strategies, are unaware of many of the known implica-
tions of ocean acidification. The ocean acidification
community has made in-roads to reach members of
the global change community, who is not always fully
aware of the impacts of ocean acidification (e.g., the
IPCC fourth Assessment Report on Climate Change
(2007), the Stern Report on the Economics of Climate
Change, several scientific statements and declara-
tions on ocean acidification, see Box 3). Impacts of
ocean acidification should be included in all future
climate change assessments. The certainty associ-
ated with ocean acidification, due to the simplicity of
the chemical reaction of CO, and water, provides a
powerful supplementary reason adding to the cer-
tainty of climate change.

e Communication and Interactions with
the international research community
It is recommended that the European ocean acidifica-
tion community strengthens links with the international
research community in order to stimulate research,
share resources, and avoid needless redundancy;
for instance, taking full advantage of PAGES,
SCOR, GLOBEC, OCCC, the International Council
for the Exploration of the Sea (ICES), the Marine

Environmental Simulation Study for Future Projection
of Marine Ecosystems (funded by the Japan Science
and Technology Agency), the US Ocean Carbon and
Biogeochemistry program (OCB) as well as some of
the ongoing NSF-, NASA- and NOAA-funded, scien-
tific activities, and a few research projects in Australia
and New Zealand.

e Communication to Stakeholders

In order to further address socio-economic implica-
tions, there is an essential need to establish two-way
communication with stakeholders to better under-
stand their problems and questions so that research
can be properly designed and information conveyed in
a useful manner. These stakeholders include fisheries
and marine habitat managers, fishermen, community
leaders, conservation groups, etc. Similarly commu-
nication with the media and the general public is also
important.

5) Coordination

Coordination of ocean acidification research needs to
address:

e coordination and collaboration of research programmes
relevant at national level and at the regional level, taking
into account the very different marine environments
in Europe (Arctic, Baltic, North Sea, Mediterranean,
Black Sea, North-East Atlantic) and of EU projects
related to ocean acidification;

e coordination and collaboration at the international
level of European activities with those outside Europe
(e.g., United States, Japan, Korea, Australia, China).
While coordination within Europe is underway, it will
be important to integrate European activities with the
global effort on ocean acidification research. European
science (and the science of other countries) will ben-
efit from such coordination, including stimulation of
new ideas by bringing together scientific perspectives
from around the world, sharing of physical resources
(e.g., ships, mesocosms, new equipment designs),
standardisation of protocols and instrumentation,
possibilities for coordination of related national efforts
to identify overlaps and gaps, and access to parts of
the world where European scientists might benefit
from other expertise and past experiences.

6) Final statement

Understanding the risks and consequences of ocean
acidification and recognising that both ocean acidifica-
tion and global warming are caused by anthropogenic
CO, emissions will help to set in motion a stringent global
change mitigation and adaptation policy in Europe and
worldwide.

Ocean acidification is already occurring today and will
continue to intensify, closely tracking global CO, emis-
sions. Given the potential threat to marine ecosystems
and the ensuing impact on human society and economy,
especially as it acts in conjunction with ocean warming,
there is an urgent need for immediate action. This “dou-
ble trouble” of climate change and ocean acidification
is arguably the most critical environmental issue that
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Box 3: European Policy Context

European Integrated Maritime Policy
(ec.europa.eu/maritimeaffairs/subpage_en.html)

In October 2007, the European Commission presented
its vision for an Integrated Maritime Policy (IMP) for the
European Union in a Blue Book, providing the overall
framework for policy areas related to the sustainable
management of European marine waters, including
environment and research. The IMP is the central policy
instrument to develop a thriving maritime economy in
an environmentally sustainable manner. The Action
Plan that comes with the Blue Book introduces several
actions which are directly or indirectly related to the
issue of ocean acidification and greenhouse gas
emissions, including actions on reduction of air pollution
from ships, marine-based energy infrastructures and
resources, and on mitigation and adaptation to climate
change. It also considers Carbon Capture and Storage
as a crucial element of European actions needed to
meet the Community’s climate change objectives to
reduce impacts of things such as ocean acidification.
To this end, the Commission proposed a Directive in
January 2008 to enable environmentally-safe capture
and geological storage of CO, in the EU as part of a
major legislative package. The Directive was adopted
by the Parliament and the Council in March 2009.

Thematic Strategy on the Protection and
Conservation of the Marine Environment
(ec.europa.eu/environment/water/marine/index_
en.htm)

The environmental pillar of the IMP, the Thematic
Strategy on the Protection and Conservation of the
Marine Environment, includes the Marine Strategy
Framework Directive aiming to achieve good
environmental status of the EU’s marine waters by 2021
and to protect the resource base upon which marine-
related economic and social activities depend. To this
end, each Member State, in close cooperation with the
relevant other Member States and third countries within
a Marine Region, will be required to develop Marine
Strategies for its marine waters. In the consolidated
text of the Marine Strategy Framework Directive, pH
and pCO, profiles or equivalent information used
to measure marine acidification are mentioned as
“physical and chemical features” which have to be
monitored by Member States, and used to determine
good environmental status.

European Strategy for Marine and Maritime
Research

(ec.europa.eu/research/press/2008/pdf/
com_2008_534_en.pdf)

The research pillar of the IMP is provided by the
European Strategy for Marine and Maritime Research
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which was adopted by EC Communication in September
2008. It sets out a framework for defining the marine
and maritime RTD needs and potential in Europe. The
aim of the strategy is to propose the means to create
a better integration between marine and maritime
research while supporting infrastructure, education,
capacity-building and a new cross-thematic approach.
Climate change, impact of anthropogenic activities on
marine and coastal ecosystems and the exploration
of marine renewable energy sources are identified
as major research topics requiring a cross-thematic
approach.

European Climate Change Policy
(ec.europa.eu/environment/climat/home_en.htm)
The EU has been trying to address its own greenhouse
gas emissions since the early 1990s with the first
(2000) and second (2005) European Climate Change
Programme (ECCP) and more recently the Climate
Action and Renewable Energy Package (2008) to
fight climate change and promote renewable energy
up to 2020 and beyond. This package sets out the
contribution expected from each Member State to meet
these targets of reducing overall emissions to at least
20% below 1990 levels by 2020 and increasing the
share of renewables in energy use to 20% by 2020.
It also proposes a series of measures to help achieve
targets. Central to the strategy is a strengthening and
expansion of the Emissions Trading System (EU ETS),
the EU’s key tool for cutting emissions cost-effectively.
Emissions from the sectors covered by the trading
system will be cut by 21% by 2020 compared with levels
in 2005. A single EU-wide cap on ETS emissions will
be set, and free allocation of emission allowances will
be progressively replaced by auctioning of allowances
by 2020. The climate and renewable energy package
also seeks to promote the development and safe
use of Carbon Capture and Storage (CCS), a suite of
technologies that allows the CO, emitted by industrial
processes to be captured and stored underground
where it cannot contribute to global warming.

In April 2009, the European Commission presented a
policy paper known as a White Paper, “Adapting to
climate change: Towards a European framework
for action”, which presents the framework for adap-
tation measures and policies to reduce the European
Union’s vulnerability to the impacts of climate change.
It emphasises that decisions on how best to adapt to
climate change must be based on solid scientific and
economic analysis. The White Paper is accompanied
by several working documents, one of which touches
upon water, coasts and marine issues including ocean
acidification.



humans will have to face in the immediate future. The
impacts of ocean acidification will be global in scope
yet they are some of the least understood of all global
change phenomena. Within Europe are working some
of the world’s leading scientists who study ocean acidi-
fication. Their qualifications result in part from previous
EU- and ESF-funded programmes, and hence these
scientists are already accustomed to working together.
Given that chemical effects are already measurable and
that ecological impacts and thereafter the socio-eco-
nomic impacts may be dramatic within only decades,
Europe must now accept the challenge to stimulate and
better coordinate its research on ocean acidification.
The immediate effect will be for Europe to maintain its
role as the world leader in this research field. Such a
challenge is fundamental if one is to fully understand
the consequences of and eventually help mitigate ocean
acidification which, along with climate change, might turn
out to be the most crucial environmental problem and
socio-economic challenge of the century.
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