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A B S T R A C T

Ocean acidification may pose a major threat to commercial fisheries, especially those for calcifying shellfish
species. This study was undertaken to estimate the potential economic costs resulting from ocean acidification on
UK wild capture and aquaculture shellfish production. Applying the net present value (NPV) and partial equi-
librium (PE) models, we estimate both direct and economy-wide economic losses of shellfish production by
2100. Estimates using the NPV method show that the direct potential losses due to reduced shellfish production
range from 14% to 28% of fishery NPV. This equates to annual economic losses of between ö3 and ö6 billion of
the UK’s GDP in 2013, for medium and high emission scenarios. Results using the PE model showed the total loss
to the UK economy from shellfish production and consumption ranging from ö23–ö88 million. The results from
both the direct valuation and predicted estimate for the economic losses on shellfish harvest indicate that there
are regional variations due to different patterns of shellfish wild-capture and aquaculture, and the exploitation of
species with differing sensitivities to ocean acidification. These results suggest that the potential economic losses
vary depending on the chosen valuation method. This analysis is also partial as it did not include a wider group
of species in early-life-stages or predator-prey effects. Nevertheless, findings show that the economic losses to the
UK and its devolved administrations due to ocean acidification could be substantial. We conclude that addressing
ocean acidification with the aim of preserving commercially valuable shellfish resources will require regional,
national or international solutions using a combined approach to reduce atmospheric CO2 emissions and shift in
focus to exploit species that are less vulnerable to ocean acidification.

1. Introduction

Ocean acidification occurs as seawater absorbs atmospheric levels of
carbon dioxide (CO2). Atmospheric CO2 has increased over recent years
and is projected to increase further by the end of the century as fossil
fuel reserves continue to be exploited (IPCC, 2001; Caldeira and
Wickett, 2003; Blackford and Gilbert, 2007; Doney et al., 2009). Ob-
servational studies suggest that the absorption of CO2 has already de-
creased pH levels in the global ocean by 0.1 pH units since 1750 (Orr
et al., 2005) and that the present rate of change is faster than at any
time during the last 55 million years (Pearson and Palmer, 2000). In the
UK/European shelf seas, results from observations and modelling stu-
dies have shown that CO2 levels in the near-surface seawater can cur-
rently vary between 200–450 ppm, contributing to a pH change of as
much as 0.1 units. Recent studies have demonstrated an overall de-
creasing trend in pH of –0.0035 ± 0.0014 per year, indicating rapid

acidification for the surface (Williamson et al., 2017). These systems
will be subject to variability. In most cases the main effect will be at-
tributable to temperature changes which are extremely variable over
spatial and temporal scales in shallow shelf seas. These changes will
considerably modify i) CO2 solubility hence pH, ii) biological processes
such as photosynthesis and respiration, which contributes to an up-take
and CO2 release, and iii) riverine inputs from anthropogenic sources,
that will contribute to enhanced biological production (Williamson
et al., 2013; 2017).

The potential direct biological impacts of ocean acidification occur
at both the molecular and cellular level (Kroeker et al., 2013; Le Quesne
and Pinnegar, 2012), and will act to diminish the ability of calcifying
organisms to construct their shells or skeletons, especially affecting
species with a low level of biological control over the calcification
process. Ocean acidification and decreasing carbonate ion concentra-
tion could therefore directly impact organisms including molluscs and
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