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A large portion of the carbon dioxide emitted into the atmosphere
is absorbed by the world’s oceans. They become more acidic as they
absorb the gas. This has far-reaching implications for the oceanic
food web, biodiversity, and the global economy, particularly fishing
and ecotourism industries in developing countries. This article
briefly outlines the scientific evidence of ocean acidification and the
implications of anthropogenic carbon emissions for marine ecosystems.
It then assesses the economic, social, and political ramifications of
ocean acidification and suggests a new strategy for the promotion of
climate change policy. The “quiet tsunami” of oceanic climate change
necessitates a policy shift away from the business-as-usual approach to
reducing carbon emissions. The high stakes involved in this looming
crisis may prompt unwilling governments to act in order to ensure food
security and protect key economic markets around the world.

Introduction

Marine food resources have supported human civilizations from time
immemorial. However, humanity’s path to economic development over the
past century has created a newly emerging threat to oceanic health. Humans
have been dramatically increasing their emissions of carbon dioxide (CO,)
and other greenhouse gases into the atmosphere as population, industrial
activity, and international trade and travel have grown. Emissions, which
increase the atmospheric concentration of CO,, continue unabated, driven in
good measure by rising income levels and related energy-intensive privileges
in some of the world’s most populous countries, notably China and India.
This reinforces the ongoing problem of global warming, which raises the
temperature of ocean waters, the sea level (by melting continental glaciers),
and, importantly for this discussion, the acidity of oceans. In fact, up to half
of the total amount of CO, released because of human activities over the past
two centuries has been absorbed by oceans (Royal Society 2005, 5).

A rapid increase in the absorption of CO, lowers the pH level of
seawater —this is a phenomenon commonly known as ocean acidification—
and decreases carbonate-ion concentration (Zeebe and Wolf-Gladrow 2001).
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Of course, oceans are neither homogeneous nor static. The pH level of seawater
varies with pressure and temperature, and thus is influenced by depth and
latitude. Polar waters differ from temperate waters, coastal regions differ
from open oceans, and different regions of oceans are affected differently
by particular patterns of water circulation. For example, the pH level can be
affected by horizontal flows such as the Gulf Stream, vertical interchanges
in which surface waters sink in some places and nutrient rich waters upwell
from the depths in others, and the influx of alkaline river waters. There are
also diurnal, seasonal, and multi-year cycles. Over sufficiently long periods of
time, measured in thousands of years, the equilibrium pH level of seawater is
restored by kinetic, chemical, and biological processes (Caldeira et al. 2007).

The impact of CO, absorption on key parts of the oceanic food web is
well established. As Richard Feely et al. (2008, 1490) explain: “The reaction
of CO, with seawater reduces the availability of carbonate ions that are
necessary for calcium carbonate (CaCO,) skeleton and shell formation for
marine organisms such as corals, marine plankton, and shellfish.” Once
formed, calcium carbonate dissolves if seawater is not sufficiently saturated
with carbonate ions (CO,*). Since calcium carbonate is more soluble at lower
temperatures and at higher pressures, there is a saturation horizon below
which calcium carbonate dissolves. Marine organisms that produce calcium
carbonate, referred to as calcifiers, inhabit waters above the saturation
horizon, the depth of which varies from place to place. Increased absorption
of CO, by oceans thus both reduces the availability of the building blocks
used by coral, plankton, shellfish, and other calcifiers and modifies the depth
and temperature of the water at which these organisms can exist.

A large and fast change to the chemistry of oceans caused by
anthropogenic carbon emissions threatens important oceanic ecosystems.
Damage to plankton, which underpins the oceanic food web, and coral
reefs, which house much of the planet's marine biodiversity, will have
repercussions throughout the entire marine ecosystem. This is described by
the Secretariat of the Convention on Biological Diversity (2009, 49): “Many
calcifying species are located at the bottom or middle of global ocean food
webs, therefore loss of shelled organisms to ocean acidification will alter
predator—prey relationships and the effects will be transmitted throughout the
ecosystem [emphasis added].”

Recognition that global warming is not detrimental everywhere in
the world (UNFCCC 2011) has served to weaken national and international
political responses to climate change, but there are no similar offsetting benefits
when it comes to ocean acidification. Moreover, unlike with global warming,
there is no debate about the anthropogenic cause of ocean acidification.!

Ocean acidification provides a unique opportunity for people
who advocate for action on climate change to reinforce their demands
on governments to take action. It is a direct and incontrovertible result of
anthropogenic carbon emissions and will affect fishing and ecotourism
industries. Accordingly, an emphasis on the major observable effects of
climate change on the world’s oceans, collectively described as the “quiet
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tsunami” (NRDC 2009, 1), can result in political action on climate change
mitigation. To give but one example, concerns about the ramifications of
ocean acidification on the Great Barrier Reef helped tilt the balance of votes in
Australia toward the implementation of a carbon tax.?

The Government of Canada has thus far avoided action that would
allow it to meet emissions reduction targets under the Kyoto Protocol, from
which it withdrew in December 2011 citing costs and probable disruption of
certain economic sectors (Delacourt 2010). All the while the government has
ignored the cost of inaction (see McLaughlin 2011). This article demonstrates
that while action on climate change may be perceived as costly, inaction will
be costlier in the long run. It argues that there is a definite need for immediate
action, since national and global problems related to climate change will only
increase in number and severity should climate change and ocean acidification
be allowed to continue unabated.

Literature Review

Research on ocean acidification is in its relative infancy. In 2009, 62 per cent of
research papers on ocean acidification had been published since 2004 (Hood
et al. 2009, 7). The 2005 report on ocean acidification by the Royal Society
developed by a nine-member working group, which drew on submissions
from 33 professionals in the field, provided a comprehensive review of
the then-extant literature. It serves as a baseline assessment of the state of
knowledge on the causes and effects of ocean acidification as well as marine
organism and ecosystem responses and adaptation to elevated levels of
acidity. The Royal Society (2005, 39-41) reached eight main conclusions:

. Oceans are absorbing the CO2 that is released into the atmosphere by
human activities and this is causing chemical changes which make
seawater more acidic.

. These changes in ocean chemistry will impact marine organisms and
ecosystems.

. Oceans play a very important role in the global carbon cycle and
Earth’s climate system.

. The socio-economic consequences of ocean acidification could be
substantial, given the effects on coral reefs and fisheries.

. The scale of future changes to the chemistry and acidity of oceans
can only be reduced by preventing the accumulation of CO2 in the
atmosphere.

. Unless global emissions of CO2 are reduced by twice their 2005 levels

by the year 2100, the Southern Ocean will become under-saturated
for aragonite, which is required by some organisms to make calcium
carbonate skeletons and shells.

. The magnitude of ocean acidification can be predicted with a high
level of confidence. Assessments of its impacts, particularly on marine
organisms, are much less certain and require additional research efforts.
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. Ocean acidification is a powerful reason, in addition to climate
change, to reduce global CO2 emissions.

In 2009, the Secretariat of the Convention on Biological Diversity
provided additional grounds for concern. It (2009, 9) confirmed that ocean
acidification is a result of anthropogenic CO, emissions and that many of
its effects on marine ecosystems will be variable and complex. Although
evidence found that a few species, such as some phytoplankton, fungi, and
bacteria, may experience certain benefits, the Secretariat (ibid.) warned that
most ecosystems in acidified seawater are less diverse and missing those
species that form their skeletons and shells from calcium carbonate. Further,
it documented various sub-lethal effects of exposure to low pH on various
organisms’ developmental and adult phases. These effects vary depending on
a species’ genetics, pre-existing capabilities to adapt to changing conditions,
and environmental factors.? Importantly, the Secretariat (ibid., 5) outlined the
following:

By 2100, 70% of cold-water corals, key refuges and feeding grounds
for commercial fish species, will be exposed to corrosive waters.
Furthermore, given current emission rates, it is predicted that the
surface waters of the highly productive Arctic Ocean will become under-
saturated with respect to essential carbonate minerals by the year 2032,
and the Southern Ocean by 2050, with disruptions to large components
of the marine food web.

The Secretariat (ibid., 9) concluded that acidification is “irreversible on
timescales of at least tens of thousands of years, and substantial damage to
ocean ecosystems can only be avoided by urgent and rapid reductions in
global emissions of CO,.”

The amount of CO, that will be released by the end of the century
under a business-as-usual scenario will be large and extremely rapid in the
geological time scale. Data from Antarcticice cores show that the concentration
of CO,in the atmosphere over the past 650,000 years varied between a low
of 180 parts per million (ppm) during cold glacial periods to a high of 300
ppm during warm inter-glacial periods (IPCC 2007, 465). By 2010, the mean
concentration of atmospheric CO, at sea level was measured to be 389.78 parts
per million by volume (ppmv) (NOAA 2011b). Current CO, concentration is
in the range last recorded during the Pliocene (circa five to three million years
ago), a period in which the global temperature was substantially warmer and
sea levels were much higher (Pagani et al. 2010). The amount of CO, that
will be released during this century will likely be greater than any amount
recorded since the Palaeocene-Eocene Thermal Maximum (PETM) some 55
million years ago (Dickens, Castillo, and Walker 1997). That event caused
widespread dissolution of seafloor carbonates (Zachos et al. 2005) and a mass
extermination of seafloor (“benthic”) species (Ridgwell and Schmidt 2010).
Notably, the buildup of CO, during the PETM was much more gradual than
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the present buildup (Kump, Bralower, and Ridgwell 2009).

John Veron (2008) shows that the five mass extinction events which
Earth has experienced so far were each associated with “reef gaps” in the
geological record —extended periods during which there is no evidence
of living reefs. These periods were linked to changes in ocean chemistry
associated with atmospheric CO, levels. Veron (ibid., 459) argues that “The
prospect of ocean acidification is potentially the most serious of all predicted
outcomes of anthropogenic carbon dioxide increase . . . [and] has the potential
to trigger a sixth mass extinction event.” Similarly, an extensive literature
review conducted by Scott Doney et al. (2009, 184) concluded that “[a]
cidification impacts on processes so fundamental to the overall structure and
function of marine ecosystems that any significant changes could have far-
reaching consequences for the oceans of the future and the millions of people
that depend on its [sic] food and other resources for their livelihoods.”*
Comparing the PETM to the current buildup, Andy Ridgwell and Daniela
Schmidt (2010, 5) observe as follows:

We infer a future rate of surface-ocean acidification and environmental
pressure on marine calcifiers unprecedented in the past 65 [million
years], and one that challenges the potential for surface-ocean plankton
to adapt. For benthic organisms, rapid and extreme undersaturation
of the deep ocean would make their situation precarious, and the
occurrence of widespread extinction of these organisms during the
PETM greenhouse warming and acidification event raises the possibility
of similar extinction in the future.

Economic and Social Impacts of Ocean Acidification

Research on the economic impact of ocean acidification remains limited.
Attempts at overall economic assessments of climate change either ignore this
phenomenon (Tol 2002a; 2002b) or give it only a passing mention without
incorporating its costs into the analysis (Stern 2006; Nordhaus 2008; Tol 2009).
Accordingly, drawing attention to the economic impacts of ocean acidification
is crucial when informing public opinion and, by extension, public policy.
The fishing industry is a small but significant component of the global
economy. The total contribution of commercial capture fisheries, including
marine and inland harvest and post-harvest subsectors, to global gross
domestic product (GDP) was estimated at approximately US$274 billion in
2007 (World Bank, FAO, and WorldFish Center 2010), of which about 90 per
cent can be attributed to marine fisheries, based on the value share of the
capture. This figure is small in the context of a global economy valued at
approximately US$62 trillion (IMF 2010), but it is not negligible. Aquaculture
is the fastest growing animal food-producing sector and currently accounts
for almost half of total food fish supply; approximately one-third of
aquaculture production is marine-based (FAO 2011). While studies of ocean
acidification have mainly focused on natural marine ecosystems, the issue
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has registered on the aquaculture industry’s radar. In 2010, a brief session on
ocean acidification was held at the triennial meeting of the World Aquaculture
Society together with the U.S. National Shellfisheries Association.

The overall economic impact of ocean acidification on marine fisheries
and aquaculture has not yet been systematically evaluated. Studies of specific
types of marine organisms such as shellfish, on which aquaculture depends,
demonstrate that the costs are substantial (Talmage and Gobler 2009; Narita,
Rehdanz, and Tol 2011). Relative to the risks posed by climate change,
however, the impact on any specific type of fishery is small in dollar value,
commensurate with the share of fisheries in global GDP. For instance, the
cost to shellfish production in 2100 would be about US$100 billion, which
represents up to 1.5 per cent of the total expected damage caused by climate
change and around 0.025 per cent of global GDP (ibid., 14).

Specific economic impacts matter in politics. On average, the United
States annually derives US$4 billion of primary value from commercial harvests
from American waters and at-sea processing (NOAA 2011a). Approximately
24 per cent of this figure comes from harvesting fish that depend directly on
calcifiers (Cooley and Doney 2009). Aquaculture, which also depends heavily
on calcifiers, accounted for over US$1.2 billion in additional income in 2007.
The National Oceanic and Atmospheric Administration calculated that one
million jobs are associated with the American commercial fishing industry,
which accounts for about US$32 billion in income annually (NOAA 2011a).
Ocean acidification will negatively affect these figures and may have tangible
political ramifications.

Impacts will certainly be felt in recreational fishing and marine tourism.
While commercial fishing, including international trade, in the United States
was valued at US$70 billion in 2009 (ibid.), recreational fishing contributed
US$50 billion in sales impacts, US$23 billion in value-added impacts, and
supported 327,000 jobs (National Marine Fisheries Service 2011, 8). Marine
tourism has become one of the fastest-growing areas of the world’s tourism
industry (Hall 2001, 602). Australia’s Great Barrier Reef receives roughly two
million visits each year and generates about US$5.7 billion in tourism and
fishing revenue, which sustains 53,800 full-time jobs (McCook et al. 2010).
Tourism around the Hawaiian coral reefs accounts for about US$364 million
annually in value-added economic activity, 84 per cent of which is generated
from snorkelling and diving on reefs. Further added value from property
accounts for US$40 million each year, generated by rising property values
near healthy reefs (Royal Society 2005, 33).

The effects of ocean acidification on these industries could inform potent
arguments that may prove to convince reluctant governments to act on climate
change. For example, the Royal Society concluded that even under modest
emissions scenarios, which predict an atmospheric concentration of 600 ppmv
of CO, by 2100, climate change is predicted to cost the economy around the
Great Barrier Reef a minimum of US$2.6 billion over 19 years to 2020 (ibid.).
Under higher emissions scenarios with an atmospheric CO, concentration of
800 ppmv, losses will rise to over US$14.6 billion (ibid.). More recent estimates
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place the net present value of the Great Barrier Reef at US$51.5 billion and
the cost of serious degradation of the reef system at US$39.2 billion, of which
US$15.8 billion represents intrinsic value (Oxford Economics 2009).

Although these figures may seem small relative to the value of the
global economy and costs thought to be associated with a shift from fossil fuels
to renewable energies, they belie the importance of fishing and ecotourism
to certain regions. Narrow sectoral impacts can have disproportionately
large influences on national policies. For instance, Canada and Spain almost
went to war over illegal overfishing on the Grand Banks in 1995 (Schaefer
1995). Furthermore, the roots of piracy in Somalia can be traced to concerns
about fishing rights. As Patrick Lennox (2008, 8) writes: “[Somalian pirates]
were acting at first to protect their territorial waters from illegal fishing and
dumping by foreigners, which became progressively significant as it became
more and more evident to outsiders that Somalia was not capable of patrolling
its exclusive economic zone.” Although these two examples are unrelated to
ocean acidification, they highlight the value of the fishing industry to those
that rely on it and the lengths that governments and individuals are willing
to go in order to protect resources.

Ocean acidification, unlike illegal trawling or disputes over fishing
rights, will affect every country that trades fish or fishery products because
no waters will be exempt from this phenomenon, though the distribution of
effects will by no means be even. Importantly, the countries with the greatest
interest in marine fisheries include leading developed countries, such as
the United States, the European Union, and Japan, and major developing
countries, such as India and China, the latter of which accounts for about 16
per cent of total catch—by far the largest share (European Commission 2010,
16). The health of the fishing industry thus impacts most, if not all, countries
with a coastline and threatens local economic activity and food security.

Challenges Faced by Developing Countries

The problem of ocean acidification has implications for global equity. Seafood
makes up more than 20 per cent of consumed animal protein for 2.6 billion
people worldwide and over 30 per cent in the developing world (Gupta
2006, 4). Coral reefs provide habitat for 25 per cent of total catch, increasing
food security for one billion people in Asia alone (CDNN 2009). Developing
countries provided approximately half of the total export value of trade in
seafood products in 2006, with 80 per cent of all imports going to developed
countries. Throughout the developing world, the fishing industry directly
employs about 150 million people (Hauge, Cleeland, and Wilson 2009, 2).

In addition, fishing is a particularly important source of support for
many households at the subsistence level. A Vietnamese case study showed
that when subsistence fishing was taken into account, total marine capture
was about 58 per cent higher compared to official statistics (which do not
take into account subsistence fishing) (World Bank, FAO, and WorldFish
Center 2010, 43). The study found that in 10 provinces adjacent to the Mekong
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Delta more than eight million people relied directly on the capture of fish
and aquatic animals to meet their nutritional needs. Disruption or collapse
of the fishing industry would thus put considerable strains on social support
networks and intensify urbanization pressures.

Southeast Asia and the Caribbean depend greatly on oceans for
nutrition and incomes and are located near some of the most vulnerable
waters in the world. The Philippines provides an illustrative case study of
the impact of deteriorating coral reefs on developing countries, since the
country is found in one of the world’s most prolific coral-producing, though
most acidic, areas. The Coral Triangle covers 1.6 billion acres of Southeast
Asia and is the planet’s most biologically diverse region in terms of marine
biota (Hoegh-Guldberg et al. 2009, 5). Coral reefs are important to the Filipino
people for nutritional and economic reasons, among others. Reefs provide
habitat for fish species upon which the Filipino population depends for 50 per
cent of its animal protein intake (White, Vogt, and Arin 2000, 598). These reefs
provide livelihoods for over one million small-scale fishermen and contribute
almost US$1 billion annually to the Filipino economy (ibid.). It is estimated
that reef fish account for 20 per cent of total catch in the country (ibid., 599). A
loss of fisheries-related incomes and employment would significantly stress
national organizations and international bodies concerned with humanitarian
needs, such as the United Nations World Food Programme. Furthermore,
there would be a huge, albeit immeasurable, loss in the intrinsic value of
a unique culture, a way of life, and some of the world’s largest and most
beautiful coral reefs.

Coralreefsarealso crucial for the ecotourismindustry, which encourages
sustainable practices in local host economies while providing governments
with additional tourism-derived tax revenue. Ecotourism has been shown to
address certain dimensions of poverty and complement conservation efforts
(Ministry of Population and the Environment of Nepal 2004, 209). Estimates
suggest that ecotourism associated with coral reefs generates US$300,800/
km? per year in revenue for the Filipino government (White, Vogt, and Arin
2000, 600). With a total reef area of 26,000 km?, the Philippines could lose an
important source of revenue because of ocean acidification.

Coral reefs are worth conserving because of the tangible nutritional and
economic benefits that coastal communities derive from them as well as their
intrinsic value. These fragile systems are under a variety of anthropogenic
stresses, including dangerous fishing practices, effluent runoff, and most
recently ocean acidification. Additional stresses hinder ecosystems’ abilities
to recover and remain productive. The reefs have been deteriorating over the
past 30 years. In 2001, the United Nations Environment Programme reported
that 97 per cent of Filipino reefs were under threat (Spalding, Ravilious, and
Green 2001). By 2007, Reef Check, an international organization that assesses
the health of reefs in 82 countries, stated that only 5 per cent of the Philippines’
coral reefs were doing well, with the rest being damaged, diseased, or dead
(Agriculture Business Week 2008).

The case study of the Philippines is just the tip of the iceberg. Coral
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reefs around the world are deteriorating because of anthropogenic stresses.
Losses in economic value, among other things, are a main result. For example,
Lauretta Burke et al. (2011, 78) found that the projected degradation of
Caribbean reefs will result in relatively large annual economic losses: by 2015,
reef-associated fisheries will lose between US$95 million and US$140 million
in net revenues while ecotourism will suffer losses between US$100 million
and US$300 million. Southeast Asia as a whole is extremely vulnerable to
reef loss and consequent economic losses (ibid., 73). It bears repeating that
ocean acidification causes much damage to coral reefs by corroding them
and, due to the reduction in the availability of calcium carbonate, preventing
new structural growth.

Global Equity and Climate Change

Global equity is a central aspect of the international climate change debate.
While developed countries’ carbon-intensive development is responsible
for much of the climate change to date, developing countries are left to
suffer many of the consequences with relatively little adaptive capacity. It
is true that the contemporary carbon-based development of some populous
developing countries is contributing to this problem, but as South African
Minister of Environmental Affairs and Tourism Marthinus van Schalkwyk
(2009) said: “[W]e cannot wish away historical responsibility for the problem.
The fact of the matter is that the carbon space is finite and 70% of the ‘safe’
carbon space has already been used up, largely by industrialized countries.”
Most of the responsibility to act therefore lies with developed countries. They
have the capacity and technologies to adapt to a warming planet and the duty
to help developing countries adapt. Not only is this the right path to take
environmentally, but economically there are benefits to the proliferation of
clean-energy technologies.

The phenomenon of ocean acidification raises the stakes for action on
climate change. The choice is not one of comfort and convenience but rather one
of survival because “[t]he harm is against humans, it is largely other-inflicted,
and it is not life-style-, but life-threatening” (Miiller 2002, 2). Damage done by
ocean acidification will threaten the food security and incomes of billions of
people. Many of those people live in developing countries that do not have
the organizational, technological, or financial capabilities to handle food
distribution and economic dislocation. Stresses will further slow development
in key parts of the world, namely Southeast Asia and the Caribbean.

Ocean Acidification and Climate Change Policy

There is a disconnect between polluters and pollution victims when it comes
to the issue of global equity in the context of a changing climate. Developed
countries first acknowledged their obligation to provide financial support for
developing countries’ climate change mitigation and adaption efforts in the
1992 United Nations Framework Convention on Climate Change (UNFCCC)
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(Demerse 2009, 1). Their sense of obligation is informed by two principles:
(1) the polluter pays principle, which dictates that the polluter should bear
the financial burden of repairing damage caused by pollution and preventing
further pollution; and (2) common but differentiated responsibility, which
refers to the globally shared responsibility to protect shared resources, with the
caveat that responsibility is different depending on a country’s contribution
to an environmental problem and its capacity to address that problem (ibid.,
5). Governments and firms tend to offer economic explanations for their
adoption of a wait-and-see approach to climate change, often arguing that
climate change mitigation is simply too expensive. Such arguments are
baseless and hypocritical. Ocean acidification may prove to be the missing
puzzle piece that enables local, national, and international climate change
advocates to promote change in climate change policy-making.

The costs of ocean acidification have largely been ignored. North
America in particular has been unwilling to change its business-as-usual
approach. The United States has rejected internationally coordinated climate
change policies, arguing that any deal that does not include large emitters such
as China is not fair and the economic impact on Americans is unacceptable. In
2006, Canadian Prime Minister Stephen Harper emphasized industry worries
that meeting emissions reduction targets would cost too much (Suzuki and
Taylor 2009, 95-96) and has since pulled out of the Kyoto Protocol to avoid
heavy penalties for his country’s failure to act. However, as Ken Thompson
(2010) argues, the cost argument hardly stands since unnecessarily high
military budgets could be reworked to make more money available for
spending to tackle climate change. Nicholas Stern (2006, xvii) demonstrates
that inaction will raise the costs of adaptation and annual revenues of up to
US$2.5 trillion can be generated by taking a low-carbon path.

The international movement for global co-operative action on climate
change has also been hindered by denialism by conservative political parties,
think tanks, and media corporations often funded to some degree by fossil
fuel-related corporations (Suzuki and Taylor 2009; Dunlap and McCright
2010; Hoggan and Littlemore 2009; Monbiot 2006; Gutstein 2009). Among
major political parties in developed countries, the Republican Party in the
United States and the Harper Conservatives now stand practically alone in
their refusal to address the problem of climate change. Anti-science and anti-
intellectual trends are unfortunately gaining ground in the Republican Party,
which, as Elisabeth Rosenthal (2011) argues, “has managed to turn skepticism
about man-made global warming into a requirement for electability.” The
Harper Conservatives may not deny science, but their policy is the same: little,
if any, action to reduce emissions. The United States and Canada have both
pledged to reduce their emissions by 17 per cent from 2005 levels by 2020, an
increase of 3 per cent from 1990 levels. Comparatively, the European Union
has pledged a 20 per cent reduction from 1990 levels by 2020. Developing
countries” pledges cover a wide range: China aims to reduce its emissions
by about 7 per cent from 1990 levels, India is set to increase emissions by 30
per cent from 1990 levels, and Brazil, being the role model, pledged to reduce
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emissions by 36 per cent from 1990 levels (Climate Action Tracker 2011).

The international community continues to meet periodically as the
Conference of the Parties (COP) to the UNFCCC. The 15th COP, which took
place in 2009 in Copenhagen, did not live up to expectations that it would
produce a successor agreement to the Kyoto Protocol. Countries agreed to
the weak Copenhagen Accord which encourages signatories of the UNFCCC
“to cap the global temperature rise by committing to significant emission
reductions and to raise funds to help the developing world address climate
change” (European Environment Agency 2010). The accord recognizes that
climate change is “one of the greatest challenges of our time” and something
must be done, but it does not require countries to abide by reporting
mechanisms or binding targets for 2020 or 2050 (UNFCCC 2011). Oxfam
International (2009, 9) indicates that, “[the accord] bundles the adaptation
needs of the world’s poorest people together with calls for compensation
... for oil-producing countries that claim they will lose revenue when the
world shifts away from fossil fuels.” Global equity concerns played a large
role in Copenhagen. Some developing countries refused to sign on to the
accord, which would require poor and vulnerable developing countries to
follow international procedures in order to gain financial support for their
mitigation efforts, a process that has proven to be difficult for these low-
capacity countries (Chandani 2010, 222).

A vyear later, the 16th COP in Canctin was under pressure to lay the
groundwork for binding targets for all countries, including the United States,
which many countries insisted must be brought into an agreement (Pew
Center on Global Climate Change 2010, 2). The meeting was also expected
to develop a multilateral financing mechanism to channel hundreds of
billions of dollars to developing countries to help them mitigate emissions
and adapt to the effects of climate change (Snegaroff and Cuenca 2010). The
meeting resulted in the Canctin Agreements, a deal which does not obligate
governments to take new steps, though provided a foundation for a deal with
binding targets to be reached at the next meeting.

In 2011, signatories of the UNFCCC met in Durban for the 17th COP,
which resulted in the Durban Platform outlining a course of action that
would see the development of a new treaty which covers all major emitters.
In addition to extending the Kyoto Protocol’s first commitment period, the
parties “explicitly recognised the global gap between countries’ existing
emissions reduction pledges out to 2020, and the global goal of limiting
average temperature increases to below 2 degrees [Celsius] above pre-
industrial levels” (The Carbon Report 2011). The Durban Platform stated that
a new treaty must be finalized by 2015 and come into force in 2020.

Despite countries’ acknowledgment that there is a need to shift
toward low-carbon societies, a timely agreement that significantly and
rapidly curbs emissions is unlikely because fossil fuel-related interests have
substantial influence on political decisions in key countries. Global fossil fuel
subsidies in 2008 amounted to $557 billion (IEA 2010, 1) and continue to be
high. For instance, the Pembina Institute estimated that the Government of
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Canada provides CAD$2 billion per year in financial support to the fossil
fuel industry (Demerse 2010). Politicians in North America tend not to cut
support to this industry since fossil fuel-related corporations have a history
of funding political parties that pander to their interests (Gutstein 2009;
McQuaig 2004). This reduces the probability that countries will act to address
ocean acidification.

The fact that ocean acidification is an observable direct result of CO,
emissionsisfortunatebecausethatmaybeimportantinmotivatinggovernments
to act. The U.S. government passed the Federal Ocean Acidification Research
And Monitoring Act of 2009 to develop research and monitoring capabilities
within the National Oceanic and Atmospheric Administration (Buck and
Folger 2009). Fisheries and Oceans Canada is examining the issue, though
no specific policy actions have been taken (Fisheries and Oceans Canada
2011). The Oslo and Paris (OSPAR) Commission, administrator of the OSPAR
Convention for the Protection of the Marine Environment of the North-East
Atlantic, addresses fisheries issues for the European Union and lists ocean
acidification as a concern (OSPAR Commission 2011). Ocean acidification is
evidently under consideration by key governments, but action appears to be
restricted to research and discussion.

The lack of consensus and concerted global action indicates that
advocacy is necessary. A driver for action on climate change is co-operation by
multiple stakeholders to counter industrial lobbies. The Advocacy Coalition
Framework argues that stakeholders want to convert their convictions into
policy and will seek allies and form advocacy coalitions to do so (Weible
2006, 99). A number of stakeholders that have been or will soon be affected
by ocean acidification have been identified. First, there are activists and
educators—environmentalists, conservationists, and marine scientists—who
are committed to public education on ocean acidification. Second, there are
direct economic stakeholders, such as capture fisheries, aquaculturists, and
the marine ecotourism industry. Third, there are myriad stakeholders in the
alternative energy industry, who are keen to secure government subsidies
and tax exemptions to help develop economies of scale for their technologies.
Fourth, there are those who have a desire to maintain oceanic biodiversity for
its intrinsic beauty and interest, including snorkelers, divers, scientists, and
members of the general public. Finally, there are certain governments that are
confronted with sectoral or regional pressures because of ocean acidification,
such as those which depend on fisheries for nutrition, incomes, and economic
growth. Many stakeholders are willing to advocate on this issue, whether it
be for financial, humanitarian, or symbolic reasons.

The Advocacy Coalition Framework identifies two conditions that
facilitate policy change: “changes in beliefs of a dominant coalition or changes
in available resources and venues [that] are brought about by external shocks,
policy-oriented learning, or hurting stalemate” (Weible 2006, 101). Given
the far-reaching consequences of climate change and ocean acidification,
policy change driven by external shocks, such as widespread coral death and
fisheries collapse, is not desirable. The focus must be on influencing the beliefs
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of the dominant coalition, currently formed by reluctant governments and
the general public. Although research on and high-level acknowledgment
of ocean acidification have increased attention to the problem, the need for
immediate action has yet to be accepted by key countries. The salience of the
issue must be elevated in the minds of the public with education campaigns
through the media and at the national level.

Advocacy coalitions and educational efforts are in nascent stages. An
international network of research and environmental stakeholders has already
been formed and is active in policy advocacy. Two symposia on oceans in a high-
CO, world, organized by the Scientific Committee on Ocean Research, United
Nations Educational, Scientific and Cultural Organization, and International
Geosphere-Biosphere Programme have been held since 2004 and a third is set
to take place in September 2012 in California. Ocean acidification has been
raised as a major issue by the United Nations Environment Programme, which
cites it as a threat to food security (UNEP 2010), and briefs aimed at policy-
makers have been issued. The issue of ocean acidification was also raised at
the 16th COP, where the point was made that targets for limiting atmospheric
CO, concentrations are dangerously in excess of the amount that causes oceanic
damage (Harrould-Kolieb 2010). Although the issue is relatively new on the
international scene, action evidently must not be delayed.

Education campaigns will not be effective until governments
eliminate subsidies and tax exemptions for fossil fuel-related corporations.
In particular, Canada should remove subsidies to corporations that operate
in Alberta’s tar sands, since oil production is responsible for a significant
increase in Canada’s greenhouse gas emissions (Environment Canada 2011,
19-20). Subsidies should instead be provided to clean and renewable energy
companies to ensure that inexpensive alternative energy options exist. Funds
can also be put toward protecting coastlines and reducing or eliminating
harmful fishing practices. Such actions would send an important message
to Canadian citizens and corporations that the government is taking climate
change seriously.

Conclusion

After completing the Millennium Ecosystem Assessment, 1,360 leading
experts in a variety of scientific fields concluded in 2005 that “over the past 50
years, humans have changed ecosystems more rapidly and extensively than
in any comparable period of time in human history . . . . This has resulted
in a substantial and largely irreversible loss in the diversity of life on Earth”
(Hoggan and Littlemore 2009, 11). Ocean acidification is just one problem
caused by climate change, but it is a problem that a policy of adaptation will
not sufficiently address. Addressing it requires direct confrontation with CO,
emissions. In addition to the threat that ocean acidification poses to the global
biosphere, oceanic biodiversity, and humans’ food security, the potential of
the phenomenon to inspire action by governments should make it an integral
part of efforts to address climate change more generally.
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Notes

1. Some observers argue that oceanic ecosystems have the capacity to cope
with future climate change. See, for example, Maynard, Baird, and Pratchett
(2008) and a response by Hoegh-Guldberg (2009). Hendriks, Duarte, and
Alvarez (2010) argue that biological processes allow marine organisms to
handle pH changes. See Dupont, Dorey, and Thorndyke (2010) for a response.
2. The Australian Parliament voted 74-72 in favour. Prior to the vote, the
government had received a report that documented damage to the Great
Barrier Reef by uncontrolled CO2 emissions.

3. Many effects of lower pH on marine biota have been documented in the
literature. These include stunted growth (Bechmann et al. 2011), weakened
reproductive performance (Havenhand et al. 2008; Kurihara 2008), and
weakened immune system responses (Bibby et al. 2008). Hofmann et al.
(2010) identify impacts of ocean acidification on photosynthesis, respiration,
acid-base regulation, aspects of behaviour, and tolerance of other stressors.
Kroeker et al. (2010) conclude that “[o]cean acidification is a pervasive
stressor that could affect many marine organisms and cause profound
ecological shifts . . . [TThe biological effects of ocean acidification are generally
large and negative, but the variation in sensitivity amongst organisms has
important implications for ecosystem responses.” Albright (2011) finds that
ocean acidification has “the potential to impact multiple life history stages of
corals, including critical processes independent of calcification.” Examining
the effects of ocean acidification on early life history of invertebrates, Dupont
and Thorndyke (2009, 3122) conclude that “many species and ecosystems
will experience profound modifications with severe socio-economic
consequences.” Compounding the effects of ocean acidification are various
pressures such as pollution and exploitation of resources (Secretariat of the
Convention on Biological Diversity 2009, 53).

4. Other studies also conclude that there exists a threat of massive disruption
to oceanic ecosystems. See Dupont, Dorey, and Thorndyke (2010), Barnard
and Grekin (2010), Hofmann et al. (2010), Beman et al. (2011), and Veron
(2011).

References

Agriculture Business Week. 2008. “Philippines” Coral Reefs on the Verge of
Extinction.” Agribusiness Week, July 12. http://www.agribusinessweek.
com/philippines-coral-reefs-on-the-verge-of-extinction.

Albright, Rebecca. 2011. “Reviewing the Effects of Ocean Acidification on
Sexual Reproduction and Early Life History Stages of Reef-Building
Corals.” Journal of Marine Biology 2011. http://downloads.hindawi.
com/journals/jmb/2011/473615.pdf.

Barnard, Nicola, and Jacqueline Grekin. 2010. “Issue Paper No. 7: Ocean
Acidification.” In Biodiversity and Climate Change Series, edited by
Tim Christophersen, Jacqueline Grekin, and Balakrishna Pisupati.



137

Convention on Biological Diversity and the United Nations
Environmental Programme. http://www.cbd.int/doc/publications/
unep-cbd-issue-papers/unep-cbd-issue-papers-07-en.pdf.

Bechmann, Reneé K., Ingrid C. Taban, Stig Westerlund, Brit F. Godal, Maj
Arnberg, Sjur Vingen, Anna Ingvarsdottir, and Thierry Baussant.
2011. “Effects of Ocean Acidification on Early Life Stages of Shrimp
(Pandalus borealis) and Mussel (Mytilus edulis).” Journal of Toxicology
and Environmental Health 74 (7-9): 424-38.

Beman, J. Michael, Cheryl-Emiliane Chow, Andrew L. King, Yuanyuan
Feng, Jed A. Fuhrman, Andreas Andersson, Nicholas R. Bates, Brian
N. Popp, and David A. Hutchins. 2011. “Global Declines in Oceanic
Nitrification Rates as a Consequence of Ocean Acidification.”
Proceedings of the National Academy of Sciences of the United States of
America 108 (1): 208-13.

Bibby, Ruth, Steve Widdicombe, Helen Parry, John Spicer, and Richard Pipe.
2008. “Effects of Ocean Acidification on the Immune Response of the
Blue Mussel Mytilus edulis.” Aquatic Biology 2: 67-74.

Buck, Eugene H. and Peter Folger. 2009. “Ocean Acidification.”
Congressional Research Service Report to Congress, April 24. http://
docs.lib.noaa.gov/noaa_documents/NOAA _related_docs/CRS_
reports/R40143.pdf.

Burke, Lauretta, Kathleen Reytar, Mark Spalding, and Allison Perry. 2011.
Reefs at Risk: Revisited. Washington, DC: World Resources Institute.

Caldeira, Ken, David Archer, James P. Barry, Richard G. J. Bellerby, Peter
G. Brewer, Long Cao, Andrew G. Dickson, et al. 2007. “Comment on
‘Modern-Age Buildup of CO, and its Effects on Seawater Acidity and
Salinity’ by Hugo A. Loaiciga.” Geophysical Research Letters 34 (18):
L18608.

CDNN (Cyber Diver News Network). 2009. “Coastal Development, Human
Population Increase Killing Coral Reefs.” January 9. http://www.cdnn.
info/news/eco/e090109.html.

Chandani, Achala. 2010. “Expectations, Reality, and Future: A Negotiator’s
Reflections on COP 15.” Climate Law 1: 207-25.

Climate Action Tracker. 2011. “Climate Action Tracker.” Accessed December
29, 2011. http://www.climateactiontracker.org.

Cooley, Sarah R., and Scott C. Doney. 2009. “Ocean Acidification’s Impact
on Fisheries and Societies: A U.S. Perspective.” Current: The Journal of
Marine Education 25 (1): 15-19.

Delacourt, Susan. 2010. “Climate Bill, Commons Crushed in One Blow.”
Toronto Star, November 17. http://www.thestar.com/news/sciencetech/
environment/article/892053.

Demerse, Clare. 2009. Our Fair Share: Canada’s Role in Supporting Global
Climate Solutions. Drayton Valley: Pembina Institute.

———.2010. “Leaked Government Document Says Canada Should End
Fossil Fuel Subsidies.” Pembina Institute, May 26. http://www.
pembina.org/blog/339.



138

Dickens, Gerald R., Maria M. Castillo, and James C. G. Walker. 1997. “A
Blast of Gas in the Latest Paleocene: Simulating First-Order Effects
of Massive Dissociation of Oceanic Methane Hydrate.” Geology 25:
259-62.

Diringer, Elliot. 2010. “Sixteenth Session of“A Blast of Gas in the Latest
Paleocene: Simulating First-Order Effects of Massive Dissociation
of Oceanic Methane Hydrate.” Geology 25 the Conference of the
Parties to the United Nations Framework Convention on Climate
Change and Sixth Session of the Meeting of the Parties to the Kyoto
Protocol.” Pew Center for Global Climate Change, December. http://
www.pewclimate.org/docUploads/cancun-climate-conference-cop16-
summary.pdf.

Doney, Scott C., Victoria J. Fabry, Richard A. Feely, and Joan A. Kleypas.
2009. “Ocean Acidification: The Other CO, Problem.” Annual Review of
Marine Science 1: 169-92.

Dunlap, Riley E., and Aaron M. McCright. 2010. “Climate Change Denial:
Sources, Actors and Strategies.” In Routledge Handbook of Climate
Change and Society, edited by Constance Lever-Tracy, 240-60. New
York: Routledge.

Dupont, S., and M. C. Thorndyke. 2009. “Impact of CO,-Driven Ocean
Acidification on Invertebrates Early Life-History — What We Know,
What We Need to Know and What We Can Do.” Biogeosciences
Discussions 6: 3109-31.

Dupont, Sam, Nathan Dorey, and Michael Thorndyke. 2010. “What Meta-
analysis Can Tell Us about Vulnerability of Marine Biodiversity to
Ocean Acidification?” Estuarine, Coastal and Shelf Science 89: 182-85.

Environment Canada. 2011. Canada’s Emissions Trends. Ottawa: Public Works
and Government Services of Canada.

European Commission. 2010. Facts and Figures on the Common Fisheries Policy.
Luxembourg: Publication Office of the European Union.

European Environment Agency. 2010. “COP15: Outcomes and the Way
Forward.” European Environment Agency, January 20. http://www.
eea.europa.eu/highlights/cop15-outcomes-and-the-way-forward.

FAO (Food and Agriculture Organization). 2011. The State of World Fisheries
and Aquaculture 2010. Rome: Food and Agriculture Organization.

Feely, Richard A., Christopher L. Sabine, ]J. Martin Hernandez-Ayon, Debby
Ianson, and Burke Hales. 2008. “Evidence for Upwelling of Corrosive
‘Acidified” Water onto the Continental Shelf.” Science 320 (5882):
1490-92.

Fisheries and Oceans Canada. 2011. “Ocean Acidification.” March 7. http://
www.dfo-mpo.gc.ca/science/oceanography-oceanographie/impacts/
acidification-eng.html.

Gupta, M.V. 2006. “Challenges in Sustaining and Increasing Fish Production
to Combat Hunger and Poverty in Asia.” NAGA, WorldFish Center
Quarterly 29 (1-2): 4-10.

Gutstein, Donald. 2009. Not a Conspiracy Theory. Toronto: Key Porter Books.



139

Hall, C. Michael. 2001. “Trends in Ocean and Coastal Tourism: The End of
the Last Frontier?” Ocean & Coastal Management 44 (9-10): 601-18.

Harrould-Kolieb, Ellycia. 2010. “COP16: Targeting Ocean Acidification.”
OCEANA: The Beacon (blog), December 9. http://na.oceana.org/en/
blog/2010/12/copl6-targeting-ocean-acidification.

Hauge, Kjellrun Hiis, Belinda Cleeland, and Douglas Clyde Wilson. 2009.
Fisheries Depletion and Collapse. Geneva: International Risk Governance
Council.

Havenhand, Jon N., Fenina-Raphaela Buttler, Michael C. Thorndyke, and Jane
E. Williamson. 2008. “Near-Future Levels of Ocean Acidification Reduce
Fertilization Success in a Sea Urchin.” Current Biology 18 (15): 651-52.

Hendriks, Iris E., Carlos M. Duarte, and Marta Alvarez. 2010. “Vulnerability
of Marine Biodiversity to Ocean Acidification: A Meta-analysis.”
Estuarine, Coastal and Shelf Science 86 (2): 157-64.

Hoegh-Guldberg, Ove. 2009. “Climate Change and Coral Reefs: Trojan
Horse or False Prophecy? A Response to Maynard et al. (2008).” Coral
Reefs 28: 569-575.

Hoegh-Guldberg, Ove, Hans Hoegth-Guldberg, J. E. N. Veron, Alison Green,
Ed Gomez, Melanie King, Janice Lough, et al. 2009. The Coral Triangle
and Climate Change: Ecosystems, People and at Risk. Brisbane: World
Wildlife Fund.

Hofmann, Gretchen E., James P. Barry, Peter ]. Edmunds, Ruth D. Gates,
David A. Hutchins, Terrie Klinger, and Mary A. Sewell. 2010. “The
Effect of Ocean Acidification on Calcifying Organisms in Marine
Ecosystems: An Organism to Ecosystem Perspective.” Annual Review
of Ecology, Evolution, and Systematics 41: 127-47.

Hoggan, James, and Richard Littlemore. 2009. Climate Cover-Up: The Crusade
to Deny Global Warming. Vancouver: Greystone Books.

Hood, Maria, Wendy Broadgate, Ed Urban, and Owen Gaffney. 2009. Ocean
Acidification: A Summary for Policymakers from the Second Symposium
on the Ocean in a High-CO, World. Sweden: Second Symposium on
the Ocean in a High-CO, World. http://www.ocean-acidification.net/
OAdocs/SPM-lorezv2.pdf.

IEA (International Energy Agency). 2010. “Energy Subsidies: Getting the
Prices Right.” Office of the Chief Economist, June 7. http://www iea.
org/files/energy_subsidies.pdf.

IMF (International Monetary Fund). 2010. “World Economic Outlook
Database.” http://www.imf.org/external/pubs/ft/weo/2010/02/
weodata/index.aspx.

IPCC (Intergovernmental Panel on Climate Change). 2007. “Ocean
Acidification Due to Increasing Atmospheric Carbon Dioxide.” In
Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, 2007, edited by S. Solomon,
D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor,
and H.L. Miller. Cambridge: Cambridge University Press. http://
www.ipcc.ch/publications_and_data/ar4/wgl/en/ch10s10-4-2.html.



140

Kroeker, Kristy J., Rebecca L. Kordas, Ryan N. Crim, and Gerald G. Singh.
2010. “Meta-analysis Reveals Negative Yet Variable Effects of Ocean
Acidification on Marine Organisms.” Ecology Letters 13 (11): 1419-34.

Kump, Lee R., Timothy J. Bralower, and Andy Ridgwell. 2009. “Ocean
Acidification in Deep Time.” Oceanography 22 (4): 94-107.

Kurihara, Haruko. 2008. “Effects of CO,-Driven Ocean Acidification on the
Early Developmental Stages of Invertebrates.” Marine Ecology Progress
Series 373: 275-84.

Lennox, Patrick. 2008. Contemporary Piracy off the Horn of Africa. Calgary:
Canadian Defence and Foreign Affairs Institute.

Maynard, Jeffrey A., Andrew H. Baird, and Morgan S. Pratchett. 2008.
“Revisiting the Cassandra Syndrome: The Changing Climate of Coral
Reef Research.” Coral Reefs 27 (4): 745-49.

McCook, Laurence J., Tony Ayling, Mike Chappo, J. Howard Choat,
Richard D. Evans, Debora M. De Freitas, Michelle Heupel, et
al. 2010. “Adaptive Management of the Great Barrier Reef: A
Globally Significant Demonstration of the Benefits of Networks of
Marine Reserves.” Proceedings of the National Academy of Sciences
of the United States of America 107: 18278-85. http://www.pnas.org/
content/107/43/18278.full.pdf+html.

McLaughlin, David. 2011. “Message from the President and CEO.” In
Paying the Price: The Economic Impacts of Climate Change for Canada, by
the National Round Table on the Environment and the Economy, 5.
Ottawa: National Round Table on the Environment and the Economy.

McQuaig, Linda. 2006. War, Big Oil and the Fight for the Planet: It’s the Crude,
Dude. Toronto: Anchor Canada.

Ministry of Population and the Environment. 2004. “Ecotourism and Poverty
Alleviation: Contribution of Tourism in Developing Countries.” In
State of the Environment 2004. Nepal: Ministry of Population and the
Environment of Nepal.

Monbiot, George. 2006. Heat. Toronto: Doubleday Canada.

Miiller, Benito. 2002. Equity in Climate Change: The Great Divide. Oxford:
Oxford Institute for Energy Studies.

Narita, Daiju, Katrin Rehdanz, and Richard S.J. Tol. 2011. “Economic
Costs of Ocean Acidification: A Look into the Impacts on Shellfish
Production.” ESRI Working Paper No. 391, Economic and Social
Research Institute, Dublin. http://www.esri.ie/UserFiles/publications/
WP391/WP391.pdf.

National Marine Fisheries Service. 2011. Fisheries Economics of the United States
2009. Maryland: U.S. Department of Commerce. http://www.st.nmfs.
noaa.gov/st5/publication/econ/2009/FEUS%202009%20ALL.pdf.

NOAA (National Oceanic and Atmospheric Administration). 2011a.
“Commercial Fishing - A Cultural Tradition.” http://stateofthecoast.
noaa.gov/com_fishing/welcome.html.

———.2011b. “Mauna Loa CO, Annual Mean Data.” ftp://ftp.cmdl.noaa.
gov/ccg/co2/trends/co2_annmean_mlo.txt.



141

Nordhaus, William. 2008. A Question of Balance: Weighing the Options on
Global Warming Policies. New Haven: Yale University Press.

NRDC (National Resources Defense Council). 2009. Ocean Acidification:

The Other CO, Problem. New York: National Resources Defense
Council. http://www.nrdc.org/oceans/acidification/files/NRDC-
OceanAcidFSWeb.pdf.

OSPAR (Oslo and Paris) Commission. 2011. “Climate Change.” http://www.
ospar.org/content/content.asp?menu=00230307000000_000000_000000.

Oxfam International. 2009. Climate Shame: Get Back to the Table. Oxfam
Briefing Note, December 21. http://www.oxfam.org/sites/www.oxfam.
org/files/briefing-note-climate-shame-get-back-to-the-table.pdf.

Oxford Economics. 2009. Valuing the Effects of Great Barrier Reef Bleaching.
Australia: Great Barrier Reef Foundation.

Pagani, Mark, Zhonghui Liu, Jonathan LaRiviere, and Ana Christina Ravelo.
2010. “High Earth-System Climate Sensitivity Determined from
Pliocene Carbon Dioxide Concentrations.” Nature Geoscience 3: 27-30.

Ridgwell, Andy, and Daniela N. Schmidt. 2010. “Past Constraints on
the Vulnerability of Marine Calcifiers to Massive Carbon Dioxide
Release.” Nature Geoscience 3: 196-200.

Rosenthal, Elisabeth. 2011. “Where Did Global Warming Go?” New
York Times, October 15. http://www.nytimes.com/2011/10/16/
sunday-review/whatever-happened-to-global-warming.html?_
r=2&pagewanted=all.

Royal Society. 2005. Ocean Acidification due to Increasing Atmospheric Carbon
Dioxide. Policy document 12/05. June. http://royalsociety.org/
uploadedFiles/Royal_Society_Content/policy/publications/2005/9634.pdf.

Schaefer, Andrew. 1996. “1995 Canada-Spain Fishing Dispute (The Turbot
War).” Georgetown International Environmental Law Review VIII (3):
437-49.

Secretariat of the Convention on Biological Diversity. 2009. Scientific
Synthesis of the Impacts of Ocean Acidification on Marine Biodiversity.
CBD Technical Series No. 46. Montreal: Secretariat of the Convention
on Biological Diversity. http://coralreef.noaa.gov/education/oa/
resources/cbd_ts46_oceanacidification-web.pdf.

Snegaroff, Claire, and Anna Cuenca. 2010. “Cancun Climate Talks
Enter Final Stretch.” Agence France-Presse, December 15. http://
www.thejakartaglobe.com/afp/cancun-climate-talks-enter-final-
stretch/410173.

Spalding, Mark D., Corinna Ravilious, and Edmund P. Green. 2001. The
World Atlas of Coral Reefs. Cambridge: United Nations Environment
Programme World Conservation Monitoring Centre.

Stern, Nicholas. 2006. The Economics of Climate Change: The Stern Review.
Cambridge: Cambridge University Press.

Suzuki, David, and Dave Robert Taylor. 2009. The Big Picture: Reflections
on Science, Humanity, and a Quickly Changing Planet. Vancouver:
Greystone Books.



142

Talmage, Stephanie C., and Christopher J. Gobler. 2009. “The Effects of
Elevated Carbon Dioxide Concentrations on the Metamorphosis, Size,
and Survival of Larval Hard Clams (Mercenaria mercenaria), Bay
Scallops (Argopecten irradians), and Eastern Oysters (Crassostrea
virginica).” Limnology and Oceanography 54 (6): 2072-80.

The Carbon Report. 2011. “What is COP 17?” http://www.thecarbonreport.
com/what-is-cop-17.

Thompson, Ken. 2010. Do We Need Pandas? The Uncomfortable Truth about
Biodiversity. London: Green Books.

Tol, Richard S.J. 2002a. “New Estimates of the Damage Costs of Climate
Change, Part I: Benchmark Estimates.” Environmental and Resource
Economics 21 (1): 47-73.

———.2002b. “New Estimates of the Damage Costs of Climate Change, Part
II: Dynamic Estimates.” Environmental and Resource Economics 21 (2):
135-60.

———.2009. An Analysis of Mitigation as a Response to Climate Change.
Frederiksberg: Copenhagen Consensus Center. http://fixtheclimate.
com/uploads/tx_templavoila/AP_Mitigation_Tol_v_3.0.pdf.

UNEP (United Nations Environment Programme). 2010. UNEP Emerging
Issues: Environmental Consequences of Ocean Acidification: A Threat to
Food Security. Nairobi: United Nations Environment Programme.
http://www.unep.org/dewa/pdf/Environmental_Consequences_of
Ocean_Acidification.pdf.

UNFCCC (United Nations Framework Convention on Climate Change).
2011. “Climate Change Information Sheet 10: Agriculture and Food
Security.” http://unfccc.int/essential_background/background_
publications_htmlpdf/climate_change_information_kit/items/288.php.

Van Schalkwyk, Marthinus. 2009. “Marthinus Van Schalkwyk Addresses
High Level Climate Change Seminar in Washington.” Climate Action
Partnership, January 30. http://www.cap.org.za/view.asp?ItemID=32&
tname=tblComponentl&oname=&flt=&pg=front.

Veron, John E. N. 2008. “Mass Extinctions and Ocean Acidification:
Biological Constraints on Geological Dilemmas.” Coral Reefs 27:
459-72.

———.2011. “Ocean Acidification and Coral Reefs: An Emerging Big
Picture.” Diversity 3 (2): 262-74.

Weible, Christopher M. 2006. “An Advocacy Coalition Framework
Approach to Stakeholder Analysis: Understanding the Political
Context of California Marine Protected Area Policy.” Journal of Public
Administration Research and Theory 17 (1): 95-117.

White, Alan T., Helge P. Vogt, and Tijen Arin. 2000. “Philippine Coral Reefs
under Threat: The Economic Losses Caused by Reef Destruction.”
Marine Pollution Bulletin 40 (7): 598-605.

World Bank, FAO (Food and Agriculture Organization), and WorldFish
Center. 2010. The Hidden Harvests: The Global Contribution of Capture
Fisheries. Washington, DC: World Bank. http://siteresources.



143

worldbank.org/EXTARD/Resources/336681-1224775570533/
TheHiddenHarvestsConferenceEdition.pdf.

Zachos, James C., Ursula Rohl, Stephen A. Schellenberg, Appy Sluijs,
David A. Hodell, Daniel C. Kelly, Ellen Thomas, et al. 2005. “Rapid
Acidification of the Ocean During the Paleocene-Eocene Thermal
Maximum.” Science 308 (5728): 1611-15.

Zeebe, Richard E., and Dieter A. Wolf-Gladrow. 2001. CO, in Seawater:
Equilibrium, Kinetics, Isotopes. New York: Elsevier.



