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A B S T R A C T

The marine environment is affected by climate change in many ways but it is also affected by the separate
problem of ocean acidification (OA). Anthropogenic carbon dioxide that is absorbed by the ocean causes changes
in ocean chemistry including an increase in acidity. Fisheries and shellfish industries, which are vital livelihoods
for some communities have already been affected by OA. As there has been little research conducted to examine
public risk perceptions of this issue, the aim was to explore this through a survey (N=954) carried out in the
UK. The survey explored a range of psychological factors including concern, place attachment, and environ-
mental identity that are known to influence risk perceptions. A regression analysis found that more concerned
participants had stronger environmental identities and higher levels of knowledge about OA. As predicted, they
also felt more attached to the ocean and felt more negative about OA. It was clear that place attachment and
environmental identity were important factors and thus should not be neglected when developing risk com-
munications, particularly for this unfamiliar risk issue. As unfamiliar and complex risks such as OA are becoming
more prevalent and must be communicated successfully in a world full of conflicting information, it is important
to consider how OA is perceived by the public and how this can inform policy decisions in future. If major
mitigation and adaptation strategies are adopted by policymakers the success of these will also ultimately re-
quire society to accept them.

1. Introduction

The effects of climate change on the marine environment are al-
ready visible in parts of the world. Climate tipping points in the Earth
system have been identified [1] where a small change can result in a
state change to the system. The most recent Intergovernmental Panel on
Climate Change (IPCC) report [2] dedicated a section to the impact of
climate change on the oceans, establishing a variety of stressors the
ocean faces including the effects of ocean warming, deoxygenation and
OA. The potential effects of OA on marine biodiversity for various fu-
ture emissions scenarios has been reviewed generally showing de-
creased rates of survival, calcification, growth, development and
abundance of organisms [3,4]. Although the science is complicated,
many potentially negative impacts have been identified such that OA is
widely considered a serious threat to marine ecosystems and services,
especially if global carbon emissions are not quickly brought under
control [5]. Unlike in previous international negotiations, the problem
of OA was widely discussed leading up to the 2015 Paris Agreement on
Climate Change [6], which notes the importance of ensuring the

integrity of marine ecosystems in its text [7].
However, research to understand public perceptions of OA is still

very limited, and there has been little public engagement about this
issue within the UK or elsewhere. The UK is responsible for biodiversity
in its Overseas Territories with some of these regions at risk from OA as
many of them are islands in vulnerable areas. For example the Pitcairn
Islands (with one of the largest marine nature reserves in the world) has
a strong tourism industry driven by the attraction of warm-water coral
reefs [8].

The UK itself is also directly at risk from OA, although it is hard to
determine exactly what the impacts might be and how serious they
could be. Recent research has shown that OA could be detrimental
across the UK fishing industry and associated industries particularly
alongside ocean warming [9]. Goods and services from the UK marine
environment include multi-million pound fisheries, aquaculture in-
dustries and raw materials (fishmeal, fish oil and seaweed), which are
necessary to feed fish species that are being intensively produced [10].
As well as these production services there are significant economic and
cultural services including leisure and recreation that are reliant on the
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biodiversity of the marine environment [11]. In 2009 there was no UK
legislation that directly addressed OA [12] though it has been ac-
knowledged, alongside climate change, as something that must be
considered and researched (as seen by the UK Ocean Acidification
programme [13] and a recent enquiry by the UK House of Commons
Science and Technology Committee [14]).

There is also a pressing need to involve the public with OA, parti-
cularly as the issue becomes more widely discussed in relation to CO2

emission targets and the wider topic of climate change. As some of the
solutions for minimising the effects of OA may differ from those pro-
posed for climate change more generally, involving the public in con-
structive dialogue about this risk issue and possible remediation tech-
nologies and policies through upstream engagement methodologies will
help promote action rather than just provide information [15]. Through
effective dialogue around OA, the values people hold and the possible
wider societal implications that OA may have will mean public en-
gagement can move away from simply understanding mental re-
presentations and raising awareness, to incorporating their citizen's
preferences into proposed solutions and actions [16].

2. Background

2.1. Public perceptions of climate change

As OA is often seen as a subset of climate change, it is expected that
the literature on perceptions of climate change will be closely linked to
that of OA. Public understanding of climate change is crucial as it
contributes to people's response to government policy and initiatives
designed to help adapt to and mitigate climate change [17]. The recent
IPCC Fifth Assessment Report (AR5) made the strongest statement yet
that humans are responsible for climate change: “It is extremely likely
that human influence has been the dominant cause of the observed
warming since the mid-20th century” [2]. There have also been suc-
cessive global record temperatures each following year, with 2016
announced as the warmest year on record since records began [18].
There is an overwhelming scientific consensus of climate scientists [19]
and extensive evidence of the impacts of climate change, such as coral
reef damage and impacts in the Arctic such as a reduction in glacial ice
mass and thawing of permafrost [20,21]. A recent literature review
showed how public perceptions of climate change have changed over
time [22]. In the 1980s and 1990s there was a growth in awareness and
concern globally as there was more evidence and media coverage on
climate change. As media attention increased in the mid-2000s, this
awareness was more widespread and there was consensus that action
was needed. However, in the latter 2000s and early 2010s doubts and
scepticism increased in the public as climate change became a more
politicised issue in the US in particular [23]. Risk perceptions predict
behavioural intentions and can help determine if people would be likely
to take action on environmental risk issues such as climate change [24].
There is a well-established literature exploring a number of barriers to
public engagement with climate change [25,26], including lack of ac-
tion from government or industry and lack of knowledge. The lack of
public support has frequently been blamed on deficits in knowledge or
poor understanding of the issue. Although knowledge does have a role
to play here, it is not just about the scientific facts of climate change,
but also how those understandings are held within social, cultural and
political contexts [27,28]. By approaching people simply as ‘rational
actors’, the importance of social issues such as the personal values and
identities people ascribe to are given little consideration.

Alongside the literature on specific climate change perceptions
there is a growing body of research exploring attitudes and under-
standings in relation to the marine environment. Opinion polls carried
out by the Ocean Project and AAAS (American Association for the
Advancement of Science) in 1999 and 2003 respectively, showed re-
spondents were aware that human activities impacted on the ocean, but
did not see urgent action as being necessary [29]. Understanding the

water and carbon cycles were seen as important to aid people's com-
prehension of the ocean and improve their climate science literacy;
those who were more knowledgeable were more supportive of policies
to protect the ocean. Jefferson and colleagues [30] surveyed the UK
public to assess their perceptions of the marine environment; more
specifically marine health and knowledge of subtidal species. Issues
such as litter and other indicators of cleanliness scored highest, as did
contaminated seafood when examining marine health perceptions. The
authors go on to suggest that these are clearly linked to human impact
on the marine environment. When respondents were asked to select
risks to the health of marine environments, the most severe risks such as
the effects of climate change were not selected possibly because they do
not appear to be clearly linked to harming human health [30]. Other
research also finds that the public do not identify as important the same
marine issues that scientists prioritise, though climate change is re-
cognised as an issue [31].

2.2. Public perceptions of Ocean Acidification

There has been work exploring stakeholder perceptions of OA,
which has shown that fishermen and the shellfish industry are aware of
OA and are very concerned about it [32,33]. OA has already affected
the Northwest Pacific [34] where oyster hatcheries are important for
the shellfish industry [35]. Mabardy and colleagues [32] surveyed
people in the US West Coast shellfish industry to assess level of concern
through negative impacts of OA and participants’ understanding of the
risk. 94% of respondents had heard of OA with over half having ex-
perienced the impacts of OA; 97% experienced financial impacts and
68% emotional impacts. Concern about OA was measured on a 5-point
scale (extremely concerned, very concerned, somewhat concerned, not
too concerned, not at all concerned). Researchers found that 64% of
respondents were extremely to very concerned about OA if they had not
experienced OA and 93% were equally concerned if they had personally
experienced the impacts of OA. Finally, over three-quarters of the
sample were extremely to very concerned about OA regardless of their
level of understanding.

Donkersloot [33] carried out roundtable discussions in Southern
Alaska to gather the thoughts and experiences about OA from in-
dustries, fishing families and communities to ensure that they could
help inform public policy on OA. In these discussions there was re-
cognition of a need for research into OA in Alaska waters to continue
and expand, including monitoring ocean conditions and changes in
water samples. Fishermen acknowledged their unique positioning to
assist with research but were also frustrated that the impacts were
unclear and unlikely to be acted upon until they were causing problems.
Respondents felt as though action needed to be led by them but also
highlighted the need for political level action. This included both local
government action and trying to inform fisheries policy. Lastly, al-
though the economic case for OA more generally is important, the
impacts are more personal for families, cultures etc. such as those in-
volved in the discussions. Accordingly, OA can be a prominent issue for
those who are directly involved in affected industries but this may not
transfer to wider society (Table 1)

One of the few pieces of research specifically focused on public
perceptions of OA was carried out in Alaska. This region is more vul-
nerable to OA because of the cool water temperatures and the ocean
circulation pattern. The region also has a strong fisheries industry,
which is of key importance to the economy. Frisch and colleagues [36]
surveyed Alaskan residents (N= 311) and found that many individuals
had a low level of understanding regarding OA and the associated risks.
This was expected as they acknowledged that OA was an unknown risk
issue for those in the wider community. Three-quarters of respondents
had heard of OA and cited CO2 as the main cause with the second most
cited being human activity. They also found that 52% of the sample was
concerned about OA and concern increased in those already concerned
for future projections of 100 years into the future. When comparing this
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