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Executive Summary

Atmospheric carbon dioxide concentrations have increased from 280 ppm to around 380
ppm over the last 200 years through human activities, in particular the burning of fossil fuels.
Projections are that CO, concentrations will increase substantially to 700 — 1000 ppm by the
end of this century as fossil fuel reserves are consumed. However, nearly half of this
anthropogenic CO; has already been absorbed by the surfaces of our seas and oceans and
more will be absorbed in the future as we continue to increase our CO, emissions to the
atmosphere (Sabine et al., 2004). The ocean uptake of CO, is effectively buffering even
more serious climate change than that predicted by clear evidence-based scientific
consensus (e.g. IPCC, 2001). However, there is a “cost”, as CO, reacts with seawater to
form carbonic acid, the seas are becoming more acidic (Caldeira & Wickett, 2003). A strong
scientific consensus is emerging about the rate and degree of change in acidity (measured in
pH units) that will be experienced by surface waters (summarised in Royal Society, 2005)
should CO, emissions continue at the same rate. The simplicity of the chemical reaction of
CO, with seawater makes it very predictable on global (Orr et al., 2005) and more local
scales (Blackford & Gilbert 2006). These models show that there has already been a decline
of 0.1 pH unit (a 30% increase in H+) since pre-industrial times and surface waters may
experience a total reduction of around 0.7 pH units should all fossil fuels be burnt.

It is the impact of this rate of change as well as the level of change on marine organisms and
ecosystems that concerns marine scientists all around the world (Royal Society, 2005; JRG,
2005; Turley, 2006; Kleypas, 2006; Haugan et al., 2006) as pH has been relatively stable for
over 20 million years. Calcareous (shelled) organisms are common in the sea (e.g. warm and
cold water corals, some plankton, shellfish and sea urchins) and there is increasing evidence
indicating that their ability to produce their shells will be reduced by 2050 (Kleypas, 2006).

Whilst we begin to recognise the potential impacts of increasing acidification in our oceans
(e.g. a recent report by OSPAR: Haugan et al., 2006) we have little evidence of what
changes are actually occurring in waters around our coasts. Seawater pH does vary around
UK waters because of natural processes; however, model predictions demonstrate that pH
change this century due to significant atmospheric CO, increases exceeds this natural
variation (Blackford & Gilbert, 2006). These predictions for shelf waters agree with those for
open oceans (Caldeira & Wicket, 2003). How these chemical changes might affect marine
food webs and biogeochemical cycles are of concern (Haugan et al., 2006) but are less
certain because of their complexity and require further research. In addition, the combined
impacts of ocean acidification and climate change (e.g. increased seawater temperature and
thermal stratification) on UK marine waters have not yet been addressed.
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Level of confidence

High, that ocean pH is changing and will change in the future and unless we substantially
and urgently reduce CO, emissions that these will have major impacts on aragonitic
organisms this century.

We have a moderate level of confidence that this will have a knock-on effect on marine
ecosystems and foodwebs, according to evidence from modelling and experimental
observations.

Impacts of pH on other than aragonitic and calcitic organisms is theoretically serious (e.g.
impact on nutrient speciation and therefore primary production and biodiversity) but there has
been little research on this.

We have a high degree of confidence that reducing emissions is the only way of reducing
ocean acidification
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