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Ocean acidi�cation and its effects
Oceans absorb a substantial proportion of the CO2 emitted into the atmosphere by human activities, with potentially negative

e�ects on shell-forming organisms

What is ocean acidi�cation?

At a glance 

Oceans absorb a substantial proportion of the CO2 emitted into the atmosphere by human activities, with potentially negative e�ects on

shell-forming organisms.

Increasing CO2 in the atmosphere due to human activities not only a�ects the climate; it also has direct, chemical e�ects on

ocean waters.

The oceans have absorbed between a third and a half of the CO2 humans have released into the atmosphere since about 1850. 

This has slowed the rate of climate change.

When CO2 dissolves in seawater, the water becomes more acidic. The acidity of the oceans has increased by 26 % since about

1850, a rate of change roughly 10 times faster than any time in the last 55 million years.

Associated chemical reactions can make it di�cult for marine calcifying organisms, such as coral and some plankton, to form

shells and skeletons, and existing shells become vulnerable to dissolution.

The extent to which calcifying organisms are already being a�ected by acidi�cation is unclear, as this is a very new area of

study.  Limited evidence suggests that some organisms are more sensitive than others.

The rate at which acidi�cation occurs is a determining factor in the extent to which calcifying organisms will be able to adapt.

The impacts of acidi�cation will extend up the food chain to a�ect economic activities such as �sheries, aquaculture and

tourism. Wherever there are marine calcifying organisms, there are risks from ocean acidi�cation.
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Human activities release CO2 into the atmosphere, which leads to atmospheric warming and climate change, as explained in Causes of climate

change. Around a third to a half of the CO2 released by human activities is absorbed into the oceans. While this helps to reduce the rate of

atmospheric warming and climate change, it also has a direct, chemical e�ect on seawater, which we call ocean acidi�cation (Figure 1).
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Figure 1: Some of the carbon dioxide emitted to the atmosphere by human activities is absorbed by the oceans. When carbon dioxide combines
with water in the ocean it forms carbonic acid, which makes the ocean more acidic and may reduce the ability of calcifying organisms to form
their shells and skeletons. Source: Adapted from J. Cook, skepticalscience.com.

Figure B1: The pH scale. Source:
Feely et. al 2006.

Box 1: What is pH?

Ocean acidi�cation is often expressed in terms of the pH of seawater.  pH is a measure of acidity or alkalinity. A pH below 7 is

considered acidic, and a pH greater than 7 is considered alkaline, or basic.

Average ocean water pH is currently 8.1.  The pH scale is logarithmic, so a one point change on the scale means a tenfold change in

concentration.

What are the observed changes?
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Figure 2: Global mean ocean
surface pH from 1850 to 2100,
from climate models. The
modelled historical trend shows an
overall decrease of about 0.1 pH
units (black). Projections up to
2100 are shown for high emission
scenarios (RCP8.5, red) and low
emission scenarios (RCP2.6, blue).
Source: Gattuso et al. 2014, Fig.
OA1b.

What can we expect in the future?

Figure 3: Atmospheric CO₂
concentrations and ocean pH
values. Atmospheric CO₂, shown in
blue (seasonal variations) and red
(long-term smoothed trend), is
measured at Mauna Loa, Hawai’i.
Ocean pH values (green and
orange) are from the ocean to the
north of Hawa’ii (Station Aloha). As
CO₂ accumulates in the ocean, the
water becomes more acidic (the
pH declines). Source: Modi�ed
from Feely et al. 2009.

What are the effects of ocean acidi�cation on marine organisms and
ecosystems?

Since around 1850, the oceans have absorbed between a third and a half of the CO2 emitted to the atmosphere. As a result, the average pH of

ocean surface waters has fallen by about 0.1 units, from 8.2 to 8.1 (Figure 2). This corresponds to a 26 % increase in ocean acidity, a rate of

change roughly 10 times faster than any time in the last 55 million years.

The degree of future ocean acidi�cation will be very closely linked to future increases in atmospheric CO2 (Figure 3). If greenhouse gas

emissions continue as they are doing at present (the RCP8.5 trajectory, see Causes of climate change), seawater could increase its acidity by 0.4

units (see Box 1) by the end of the century.

The acidi�cation of the oceans will not be uniform worldwide. Polar seas, and upwelling regions, often found along the west coasts of

continents, are expected to acidify faster than temperate or tropical regions. The pH will vary signi�cantly depending on the ecosystem. In

some parts of the Arctic the water is acidic enough to corrode some types of shells and in California occasional corrosive events have already

occurred. Most surface waters will be continually corrosive within decades.

Ocean acidi�cation reduces the amount of carbonate, a key building block in seawater. This makes it more di�cult for marine organisms, such

as coral and some plankton, to form their shells and skeletons, and existing shells may begin to dissolve. 

The present-day pH of seawater is highly variable, and a single organism can cope with �uctuations of di�erent pH levels during its lifetime.

The problem with ocean acidi�cation is the sustained nature of the change, as the risk comes from the lifetime exposure to lower pH levels.

The rapid pace of acidi�cation will in�uence the extent to which calcifying organisms will be able to adapt.

The impacts of ocean acidi�cation are not uniform across all species. Some algae and seagrass may bene�t from higher CO2 concentrations in

the ocean, as they may increase their photosynthetic and growth rates. However, a more acidic environment will harm other marine species

https://coastadapt.com.au/causes-of-climate-change-and-sea-level-rise
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Figure 4: A mollusc shell dissolves under acidic conditions. The shell almost completely dissolves after 45 days when placed in seawater with pH
and carbonate levels projected by models for the year 2100. Source: © David Liittschwager/National Geographic Creative.

Figure 5: Summary of e�ects of
ocean acidi�cation among key
taxonomic groups. The main
responses are represented in
percent changes, which could be
either positive (green) or negative
(red). Source: Adapted from
Kroeker et al. 2013.

What are the effects on human societies?

such as molluscs, corals and some varieties of plankton (Figure 4). The shells and skeletons of these animals may become less dense or strong.

In the case of coral reefs this may make them more vulnerable to storm damage and slow the recovery rate.

Marine organisms could also experience changes in growth, development, abundance, and survival in response to ocean acidi�cation (Figure

5). Most species seem to be more vulnerable in their early life stages. Juvenile �sh for example, may have trouble locating suitable habitat to

live.

Despite the di�erent responses within and between marine groups, positive or negative, research suggests that ocean acidi�cation will be a

driver for substantial changes in ocean ecosystems this century. These changes may be made worse by the combined e�ect with other

emerging climate-related hazards, such as the decrease of ocean oxygen levels – a condition known as ocean deoxygenation –that is already

a�ecting marine life in some regions (Long et al. 2016).

Changes in marine ecosystems will have consequences for human societies, which depend on the goods and services these ecosystems

provide. The implications for society could include substantial revenue declines, loss of employment and livelihoods, and other indirect

economic costs.

Socioeconomic impacts associated with the decline of the following ecosystem services are expected:

Food: Ocean acidi�cation has the potential to a�ect food security. Commercially and ecologically important marine species will be

impacted, although they may respond in di�erent ways. Molluscs such as oysters and mussels are among the most sensitive groups. By

2100, the global annual costs of mollusc loss from ocean acidi�cation could be over US$100 billion for a business-as-usual (RCP8.5) CO2

emissions pathway.

Coastal protection: Marine ecosystems such as coral reefs protect shorelines from the destructive action of storm surges and cyclones,

sheltering the only habitable land for several island nations. This protective function of reefs prevents loss of life, property damage, and
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What can coastal decision makers do?

hide

erosion, and has been valued at US$9 billion per year.

Tourism:  This industry could be severely a�ected by the impacts of ocean acidi�cation on marine ecosystems (e.g. coral reefs).  In

Australia, the Great Barrier Reef Marine Park attracts about 1.9 million visits each year and generates more than A$5.4 billion to the

Australian economy.

Carbon storage and climate regulation: The capacity of the ocean to absorb CO2 decreases as ocean acidi�cation increases. More acidic

oceans are less e�ective in moderating climate change.

While reducing global greenhouse gas emissions (mitigation) is the ultimate solution to ocean acidi�cation, undertaking some challenging

decisions and actions can help us prepare for the adverse e�ects of ocean acidi�cation. This is the adaptation approach.

At the local level, the following policy and management options can help to minimise the adverse e�ects of other local stressors and, as a

result, help marine ecosystems to cope better with changing environmental conditions.

Improvements in water quality: Monitoring and regulating localised sources of acidi�cation from runo� and pollutants such as

fertilisers.

Development of sustainable �sheries management practices: Regulating catches to reduce over�shing and creating long-term

bycatch  reduction plans.

Implementation of new technologies: Di�erent techniques can be applied depending on the industry. For example, in the aquaculture

industry, new forecasting systems have been developed to account for seasonal upwellings that bring low pH seawaters to the ocean

surface and cause massive shell�sh die-o�s.

Sustainable management of habitats: Increasing coastal protection, reducing sediment loading and applying marine spatial planning.

Establishment and maintenance of Marine Protected Areas: Protecting highly vulnerable and endangered marine ecosystems.

[1] Bycatch: a �sh or other marine species that is caught unintentionally. Bycatch is either of a di�erent species, the wrong sex, or is

undersized or juvenile individuals of the target species.

Further information 

The NOAA Ocean Acidi�cation Program (US) provides useful and up to date information:  http://oceanacidi�cation.noaa.gov/Home.aspx

(accessed 3 June 2016).

In Australia, scientist from the Australian Institute of Marine Sciences (AIMS) are researching the e�ects of ocean acidi�cation on coral reef

organisms and ecosystems: http://www.aims.gov.au/research/climate-change/ocean-acidi�cation  (accessed 3 June 2016).

This video developed by the Alliance for Climate Education provides an easy introduction to the topic: https://www.youtube.com/watch?v=Wo-

bHt1bOsw .

However, if you are looking for more in-depth information, try watching this video developed by the World Bank Group's Open Learning

Campus : https://www.youtube.com/watch?v=E39PMzDBtrU&feature=youtu.be&app=desktop .

Source material 
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