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A B S T R A C T

Public support for carbon emissions mitigation is crucial to motivate action to address global issues like climate
change and ocean acidification (OA). Yet in the public sphere, carbon emissions mitigation policies are typically
discussed in the context of climate change and rarely in the context of OA or other global change outcomes. In
this paper, we advance research on OA and climate change perceptions and communication, by (i) examining
causal beliefs about ocean acidification, and (ii) measuring support for mitigation policies from individuals
presented with one of five different policy frames (climate change, global warming, carbon pollution, air
pollution, and ocean acidification). Knowledge about OA causes and consequences is more widespread than we
anticipated, though still generally low. Somewhat surprisingly, an “air pollution” mitigation frame elicits the
highest degree of policy support overall, while “carbon pollution” performs no better than “climate change” or
“global warming.” Framing effects are in part contingent on prior knowledge and attitudes, and mediated by
concern. Perhaps due to a lack of OA awareness, the OA frame generates the least support overall, although it
seems to close the gap in support associated with political orientation: the OA frame increases support among
those (few) conservatives who report having heard of OA before the survey. These findings complement previous
work on climate change communication and suggest the need for further research into OA as an effective way to
engage conservatives in carbon emissions mitigation policy. Potentially even more promising is the air pollution
framing.

1. Introduction

One explanation for the low level of political support for carbon
emissions mitigation policy in the U.S. and elsewhere is that responses
to terms such as global warming and climate change—which are used
to frame such policies—are associated with political ideology (Schuldt
et al., 2011; Villar and Krosnick, 2011; Whitmarsh, 2009). One can
speculate that the increasing political divide has motivated the
introduction of terms such as carbon pollution, as used by the White
House in its 2015 press release, “President Obama to Announce Historic
Carbon Pollution Standards for Power Plants.” Such rhetorical shifts
raise the question of whether it is possible to depoliticize carbon
emissions mitigation policies by recasting them in this way.

Similarly, in his inaugural address in January 2013, Washington
State Governor Jay Inslee used the term “climate change” at least four
times. More recent speeches, such as his 2016 State of the State
Address, have instead called for action to mitigate “carbon pollution”
(see Analysis in Mossler, 2016). This change in framing has gone

beyond speeches; for example, Inslee titled his 2014 executive order
“Washington Carbon Pollution Reduction and Clean Energy Action,”
which paved the way for a proposed state carbon tax bill titled “The
Carbon Pollution Accountability Act.”

Inslee’s rhetorical shift—which reflects similar shifts in policy
circles across the U.S.—led us to ask whether this reframing is effective,
and whether ocean acidification might be a more effective framing for
the Washington State governor to espouse given the symbolic and
economic importance of ocean acidification to this coastal state and its
leadership on ocean acidification policy (Kelly et al., 2013).

After all, extensive research demonstrates the importance of fram-
ing and its ability to shape perceptions of an issue (e.g., Goffman, 1974;
Lakoff and Johnson, 2003; Smith, 1987; Tewksbury, 2015). Framing
involves the intentional or inadvertent crafting of a message to describe
an issue, place responsibility, and/or suggest solutions (Entman, 1993;
Iyengar, 1991, 1996; Moy et al., 2016). Theorizing about how framing
works has identified two mechanisms of influence – accessibility and
applicability. In the first, framing works because the message has made
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salient certain aspects of the issue; this increased salience or accessi-
bility in turn makes it easier for individuals to consider those salient
issues when making judgments (Moy et al., 2016). In other words,
message framing works by priming individuals to respond in a
particular way. The second mechanism of influence, applicability,
relates to the mental associations people make between concepts,
which can be influenced by how messages are framed. Ultimately,
framing effects hinge on the communication recipient’s existing mental
schemas (Scheufele and Iyengar, 2012).

Even minor differences in wording can have a large effect on
political and policy support (Simon and Jerit, 2007; Tversky and
Kahneman, 1981). However, carbon pollution is a relatively novel,
composite term. Given that the U.S. Environmental Protection Agency
is regulating greenhouse gases under the Clean Air Act, and many
people hold “air pollution” mental models of global warming (i.e., their
causal beliefs equate air pollution and global warming, Reynolds et al.,
2010), air pollution might be a more effective frame to drive emissions
reductions.

If framing effects depend on causal beliefs, ocean acidification offers
an intriguing potential frame, contrasting with air pollution, climate
change and global warming. Although anthropogenic carbon dioxide
emissions are the principal cause of ocean acidification (Doney et al.,
2009; with terrestrial runoff being a minor contributor to worldwide
ocean acidification, Feely et al., 2010, see Appendix A Section 6.1),
people also misattribute ocean acidification to factors that do not make
a difference. These include point source pollution from ships, such as
from oil spills and discharge of waste products; disruption of ocean food
chains from overfishing; increased seawater temperatures; naturally
occurring carbon dioxide in the atmosphere being absorbed by the
oceans; and normal cycles of change in ocean chemistry (Corner et al.,
2014; Dropkin and Ludemann, 2015). Of these misattributions, pollu-
tion from ships appears in prior research to be the most common
(Capstick et al., 2015 suppl info; Corner et al., 2014). This initial
research (primarily in the U.K., Corner et al., 2014) has revealed
common misperceptions of ocean acidification consequences as well,
including consequences that scientists do not expect ocean acidification
to have—for example, coastal erosion, sea-level rise, changes in the
amount of sea ice, changes in atmospheric oxygen levels, acid rain, and
changes in the temperature of the ocean—although several of these are
direct consequences of anthropogenic CO2 emissions through global
warming. Direct, negative effects of ocean acidification on coral and
shellfish have already been observed (Albright et al., 2016; Mabardy
et al., 2015), of which at least some members of the public appear to be
aware (see Appendix A Section 6.1, and Corner et al., 2014). Even
under the most optimistic future emissions scenario (Representative
Concentration Pathway 2.6, IPCC, 2014), coral reefs will suffer
tremendously through the end of the century (Gattuso et al., 2015).
OA will continue to affect tropical communities through further coral
reef losses, but its impacts will also be felt closer to home: more than
half of those in the U.S. West-coast shellfish industry report already
feeling negative impacts of OA on their businesses and personal lives
(Mabardy et al., 2015).

These considerations lead us to posit that the three frames discussed
above—carbon pollution, air pollution, and ocean acidification—will
bolster support for carbon emissions mitigation policies more than
frames employing either climate change or global warming, with effects
tempered by communication recipients' knowledge and attitudes, as
found in prior research on framing (e.g., Price et al., 1997). In this
study, we contribute to the growing body of climate-change framing
studies (Scheufele and Iyengar, 2012), by examining equivalence
framing for carbon emissions reduction to look at schema-dependent
effects (Scheufele and Iyengar, 2012), that is, differences in support that
should depend on the interactions between frames and people's mental
models and attitudes.

1.1. Framing climate change

Climate change frames typically emphasize particular aspects of
climate change, like causes or effects, in order to highlight an appealing
outcome (e.g., support for mitigation policy). Governor Inslee’s use of
“carbon pollution” rather than “climate change” is one such example,
highlighting a negative effect of the phenomenon (“pollution”).

By appealing to existing mental models and attitudes, framing can
shape an audience’s perception of the problem, and thereby influence
that audience’s inclination to address it. For example, using “carbon
pollution” as a frame takes advantage of air pollution as a phenomenon;
“air pollution” carries a strong negative connotation and is often
perceived as a major cause of environmental and public health
problems (Bickerstaff and Walker, 2001; McDaniels et al., 1996;
Pfister and Böhm, 2001). Air pollution is one of the most frequently
mentioned causes of climate change in studies of climate change and
global warming mental models (Bostrom et al., 2012, 1994). It is
unclear if people distinguish between conventional air pollution (e.g.,
smog, including particulate matter, nitrogen oxides) and carbon pollu-
tion. However, to the extent that “carbon pollution” is a more
influential way of presenting the information about the challenges of
rising atmospheric CO2—and to the extent CO2 is a pollutant under the
Clean Air Act—the new framing might help an old issue gain political
traction.

In climate-change framing studies to date, some frames appear to
increase support for emissions mitigation policies overall. For example,
climate change framed as a public health issue can elicit more positive
response and probable support for mitigation policies (Myers et al.,
2012); people are more “hopeful” about climate change framed as a
public health concern rather than an environmental problem.

Consistent with applicability models, closer examination of framing
effects shows that such effects are often limited to a subsample
associated with political ideology, party identification, or denial of
anthropogenic climate change. In the United States, acknowledging
that climate change is anthropogenic is associated with political
orientation (Lee et al., 2015; McCright and Dunlap, 2011a), with those
who acknowledge human causation more likely to be liberal and/or
belong to the Democratic political party, while those who do not are
more likely conservative and/or Republican (McCright and Dunlap,
2011a).

Studies that specifically examine these factors have found that some
frames increase support only among Republicans or only among those
who deny the existence of human-caused climate change (Bain et al.,
2012; Hine et al., 2016). Some frames intended to increase policy
support can even backfire (Hart and Nisbet, 2012; Myers et al., 2012).
For example, when climate change is framed as a national security risk,
it can incite anger and backlash toward mitigation policies amongst
people who doubt or dismiss anthropogenic climate change—causing a
“boomerang” effect in which framing actually decreases support for
mitigation. In Republicans, framing climate change victims as socially
distant (farmers abroad) created a boomerang effect and actually
decreased support for climate change mitigation policy when compared
to no frame (Hart and Nisbet, 2012). A similar study showed that
behavioral intentions increase significantly among Republicans who
viewed a video describing potential local climate change impacts, in
contrast to Republicans who viewed a video describing potential global
climate change impacts, whose behavioral intentions do not increase
(Wiest et al., 2015). Democrats’ behavioral intentions did not change
after watching either video, which the authors attribute to a “ceiling
effect,” in which Democrats already have high behavioral intentions
before watching the video and thus have little room to increase their
intentions.

Many studies show that responses to the term “global warming” can
differ from responses to “climate change” (Nerlich et al., 2010;
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Whitmarsh, 2009). For example, Schuldt et al. (2011) find that while
Democrats show no difference in beliefs when presented with a “global
warming” versus a “climate change” frame (a ceiling effect of sorts),
Republicans show more belief in “climate change.” Further, emphasiz-
ing local impacts while not mentioning climate change is more likely to
motivate climate change adaptation in people dismissive of climate
change (Hine et al., 2016).

Differences in mitigation policy support between Democrats and
Republicans also tend to align with the “cultural cognition” hypothesis
that people’s policy preferences are formed by their cultural group’s
values (Kahan and Braman, 2005). Higher scientific literacy corre-
sponds to more polarized views on climate change by political leaning,
and even more so by cultural values (Kahan et al., 2012), although this
is for a measure of general scientific literacy that does not include
knowledge about climate change. In the U.S., factors such as education
level, age, and political party appear to be some of the strongest drivers
of policy support and its proxies (Lee et al., 2015; McCright and Dunlap,
2011b), along with political ideology (Hornsey et al., 2016). However,
specific knowledge (as opposed to self-reported or proxy measures of
knowledge), especially knowledge that climate change is anthropogenic
(Hornsey et al., 2016), can affect perception and policy support. For
example, Guy et al. (2014) demonstrated that causal knowledge of
climate change significantly reduced the effect of ideology on climate
beliefs. Causal knowledge has been shown to predict concern (Shi et al.,
2016), with further evidence that concern is one of the first perceptions
stimulated by knowledge (Milfont, 2012). Though causal knowledge is
predictive of support (Hornsey et al., 2016), it appears to have a smaller
(direct) effect than demographics or perceptions like concern
(Lorenzoni and Pidgeon, 2006; Semenza et al., 2008).

In addition, risk perception and concern for climate change have
been shown to be important predictors of a person’s mitigation policy
support (Bostrom et al., 2012; Brulle et al., 2012; Lorenzoni and
Pidgeon, 2006; O’Connor et al., 2002, 1999; Semenza et al., 2008;
Whitmarsh, 2011). Concern has also been observed as a mediating
variable in predicting climate change mitigation policy support
(Milfont, 2012; Spence et al., 2011). Framing can change the way
people interpret climate change risk—or their level of concern for
climate change—and can thus influence support for mitigation policies.

In light of the above, we hypothesize that distinctive frames will
differentially impact policy support for mitigation actions, that framing
effects will differ by political orientation and by causal knowledge (i.e.,
mental models), and that concern mediates the effects of frames. We
build on prior research (Frisch et al., 2015; Corner et al., 2014; Capstick
et al., 2016) to investigate causal beliefs regarding ocean acidification,
and to better understand the mechanistic differences among responses
elicited by five different frames: ocean acidification, carbon pollution,
air pollution, global warming, and climate change.

1.2. Ocean acidification as a carbon emissions frame

Ocean acidification (OA) is the anthropogenic reduction in ocean
pH (Gattuso and Hansson, 2011). CO2 in the atmosphere dissolves in
the ocean and chemically reacts with seawater to generate carbonic
acid making the ocean more acidic (i.e., lowering ocean pH) (Orr et al.,
2005). Since pre-industrial times, the ocean has gotten ∼30% more
acidic and will continue to acidify until CO2 flux between the atmo-
sphere and ocean reaches equilibrium (Busch et al., 2015; NRC, 2010;
Royal Society, 2005). In other words, the concentration of CO2 in the
atmosphere directly determines the ocean’s pH: More CO2 in the
atmosphere means a more acidic ocean. A lower-pH ocean primarily
hurts calcifying organisms (like coral and shellfish) as the change in
water chemistry makes it more difficult to build calcium carbonate
shells or skeletons (Gattuso and Hansson, 2011). This threatens many
important ecosystems dependent on these organisms, like tropical coral
reefs (Hoegh-Guldberg et al., 2007).

More than half of those in the West Coast shellfish industry report

already feeling negative impacts of OA on their businesses and personal
lives (Mabardy et al., 2015). However, public awareness of OA remains
low relative to awareness of climate change. Less than a quarter of the
American public has heard of OA (23%: Leiserowitz et al., 2010; 14%:
Ocean Project, 2012), with similar findings in the UK (20%: Corner
et al., 2014). Notably, in Alaska—a state highly dependent on fisheries
and other oceanic resources—76% of the population has heard of OA,
with 63% of those correctly identifying carbon emissions as the cause
(Frisch et al., 2015). In Alaska, a conservative-leaning state where much
of the economy is dependent on fishing, ocean acidification is perceived
as a larger threat than climate change, despite climate change having a
significantly higher (and potentially catastrophic) impact on fisheries
than ocean acidification (Frisch et al., 2015; Muñoz et al., 2015). This
result seems to indicate that OA is not as politicized as climate change,
even when awareness of OA is high. Like pollution, OA also has a strong
negative connotation (Capstick et al., 2016); as such, OA may be a
valuable frame for building political support for emissions reduction
policies.

In this study, we compare an ocean acidification frame to four
alternative frames—climate change, global warming, air pollution, and
carbon pollution. Against this backdrop, we expect support for carbon
emissions reduction to be greater when the policy is presented in the
context of ocean acidification or pollution, than when the policy is
presented in the context of climate change or global warming.
However, as the framing literature has illustrated, effects will not be
monolithic. We also expect policy support to vary with respondents’
knowledge, their concern about global change issues (Stern et al.,
1999), and political ideology. To provide cognitive context for our
quantitative survey data on OA attitudes and perceptions, we include
free-response questions to evaluate respondents’ perceptions of the
causes and consequences of OA. To clarify the respective roles of
concern and ideology, we examine whether framing and knowledge
effects vary by political ideology, then test whether concern mediates
the effect of framing on policy support. Consistent with prior findings,
we expect a “ceiling effect,” in which liberals’ support for mitigation is
uniformly high, and therefore unaffected by variables such as frame
(Wiest et al., 2015).

2. Materials and methods

To examine how presenting carbon emissions in different contexts
affects support for carbon emissions reduction, and to empirically test
our expectations, we embedded an experimental manipulation in a
survey. The design is represented graphically in Fig. 1. Participants
were asked questions regarding their policy support and concern for
one of five, randomly assigned carbon emission contexts (frames): air
pollution, carbon pollution, climate change, global warming, and ocean
acidification. Questions about climate change beliefs, concern, OA
knowledge (causal and consequences) and demographics followed.
We tested for the influence of frames by comparing mean policy
support for each frame, with and without controlling for political
ideology and other factors.

2.1. Participants

The survey was implemented using Qualtrics research software in
April 2016. We collected data from 1130 participants recruited through
Amazon’s Mechanical Turk (MTurk) service, gathering a total of 1013
complete survey responses that passed attention-check questions.
Though MTurk’s population is not representative of the United States
(Levay et al., 2016; Paolacci and Chandler, 2014), it is more diverse
than student samples that often constitute audiences for similar surveys.
Our sample resembles other MTurk surveys in that it is more liberal
than a general public sample, but the data confirm that we recruited a
diverse pool of subjects in terms of political ideology, a key study
variable (for full demographic breakdown of sample, see Table A1).
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2.2. Method and measures

Participants were randomly assigned one of five carbon emission
mitigation frames (Fig. 1). Questions meant to measure policy support
and concern were asked specifically of each participant’s assigned
frame. The questions used in this study appeared at the beginning of a
larger survey.

This study measured policy support in two ways. The first, asked at
the outset of the survey, was a general policy support question: How
much do you support or oppose policies or actions meant to reduce [frame]?
The five-point response scale included strongly support (2), support (1),
neither support nor oppose (0), oppose (-1), and strongly oppose (-2), with
an additional explicit “don’t know” response option. Following several
questions asking about perceptions of climate change, respondents
received a second policy support question: How much do you support or
oppose reducing [frame] by reducing carbon emissions? The added clause,
“by reducing carbon emissions” is all that differentiated this from the
initial question. The response scale is identical to that for the first policy
support question. Support for the second question was highly positively
correlated with (Pearson’s r = 0.89), but significantly lower than, the
first (on average, 0.15 lower on the five-point response scale).
Responses to the second policy question were between 0.08 and 0.25
of a point lower than the corresponding first question, excluding “don’t
know” (DK) responses. For the 199 respondents in the OA condition,
there were 26 and 12 DK responses respectively on the two policy
questions; in all other conditions there were two or fewer DK responses
for each of these questions. This high correlation allowed us to use the
average of the two policy support questions as the main dependent
variable.

Two questions tapped climate change perceptions. One question
asked: “Is the global climate changing?” and the other asked: “Have

humans caused any of this change?” Response options for both questions
were identical (yes, no, unsure).

Concern was measured using the question: How concerned, if at all,
are you about [frame]? The response scale was a five-point scale from
“not at all” (1) to “a great deal” (5) plus a separate response option for
“don’t know.”

Political ideology was self-reported on a seven-point scale from
“extremely liberal” (1) to “extremely conservative” (7). Though poli-
tical party affiliation was also collected, this information was omitted
from our analysis due to historically low political party affiliation in the
United States at present (Jones, 2016) and record-high dislike for each
of the two major party candidates in the 2016 presidential election
(Weldon and Brown, 2016).

We define those that have “heard of OA” (i.e., OA awareness) as
those that answered “yes” to the question, “Before taking this survey, had
you ever heard of Ocean Acidification?”

Causal knowledge of ocean acidification was measured by coding
open-ended responses to the question, “What do you believe is causing
ocean acidification?” Seven different levels of thinking/causal under-
standing were identified and scored (see Table A2 in the Appendix A).
One researcher coded the whole dataset, with additional coders
checking for consistency on a previous, pilot survey (intraclass correla-
tion coefficient (ICC) = 0.941). The survey also included closed-ended
questions on causes and consequences of ocean acidification, informed
by prior research (Corner et al., 2014; Frisch et al., 2015; Ocean Project,
2012), as detailed in Section 6.1 of the Appendix A.

2.3. Analysis

Results from both the qualitative analyses described above and
quantitative analyses of survey responses are presented to describe

Fig. 1. Flow chart showing the experimental design for the survey, including the five frames tested and question order for survey items measuring key variables.
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causal thinking about ocean acidification. To test the overall effects of
our framing experiment, we conducted an analysis of variance
(ANOVA) on policy support scores. An additional ANOVA tested for
the dependency of framing effects on prior knowledge and political
orientation. We then explored predictors of policy support across
frames with linear mixed-effects models. As framing can set a particular
train of thought in motion, holding frame as a random effect allows us
to see how influential the supposed train of thought is on the given
answers (using ICC scores). The mixed-effect models also correct for
differences between frames in order to fairly compare overall predictors
of policy support. Finally, we performed a separate mediation analysis
to test whether concern mediates effects of framing on policy support.
Analysis was done in R (R Core team). R scripts used included lme4 to
create the mixed-effect models (Bates et al., 2015) sjPlot to tabulate the
models (Lüdecke, 2016), and the mediation package in R (Tingley et al.,
2014).

3. Results

3.1. Climate change beliefs

Though MTurk samples tend to have more accurate beliefs about
climate change than samples more representative of the general
population (Levay et al., 2016; Paolacci and Chandler, 2014), our
sample tends toward the extreme: 87% of participants answer “yes” to
the question, “Is the global climate changing?” with 92% of those
participants then answering “yes” to the question, “Have humans caused
any of this change?” This equates to roughly 80% of the entire sample
responding that climate change has an anthropogenic cause, which is
considerably higher than found in other recent polls (e.g., Leiserowitz
et al. (2016) find that 60% of registered voters think human activities
play a role in global warming).

3.2. Knowledge of ocean acidification’s causes and consequences

In response to the question, What do you believe is causing ocean
acidification? 85% of the 1013 study participants cite at least one cause;
15% indicate that they do not know or deny ocean acidification’s
existence. Of the 17% who list CO2 as a cause, 30% (or 5% of the total)
also describe the mechanism (i.e. CO2 dissolving in seawater) (see
Appendix A Tables A2 and A3 for detailed analysis; CO2 from burning
fossil fuels is the primary cause).

Responses to the closed-ended question, “How much do you believe
each of the following contributes to ocean acidification?” are reported
below in Fig. 2. Participants were then asked which of the possible
causes is the “main” cause of OA (Table 1). Higher self-reported
awareness of OA is associated with more correct responses. Though
only 37% of participants correctly identify anthropogenic CO2 as the
main cause of OA, over half of those who had heard of OA before taking
the survey—and over two-thirds of those that self-report more than “a
little bit” of knowledge—do so.

Participants were also asked about potential consequences of OA;
Fig. 3 reports the responses to the close-ended question, “Based on what
you know about ocean acidification, would you say that ocean acidification
has direct effects on each of the following?”

Respondents are most likely to expect effects on coral reefs,
shellfish, and seagrass, with significantly higher proportions of those
who have previously heard of ocean acidification expecting negative
effects (coral reefs 68% vs. 90%; shellfish 66% vs. 85%, seagrass, 67%
vs. 85%). Although scientists have observed negative effects on coral
reefs and shellfish, seagrass is expected to marginally benefit from OA
(see Appendix A), suggesting that awareness increases recognition of
categories of effects, but may not correspond to an ability to discrimi-
nate the nature of the effects. Among misconceptions about conse-
quences of ocean acidification, roughly two-thirds of these respondents
see acid rain and changing sea temperatures as adverse consequences of

ocean acidification. While lesser proportions expect coastal erosion
(62%) and sea ice (58% vs. 60%) to be adversely affected by ocean
acidification, significantly more of those who had previously heard of
ocean acidification expected no effects of OA on these (e.g., coastal
erosion 20%, compared with 14% for those who had not heard of OA)
(Fig. 3). Results suggest that having heard of OA (awareness) corre-
sponds as expected to having basic—though somewhat indiscrimina-
te—knowledge about OA.

3.3. Policy support

Participants support emissions mitigation overall (mean = 1.164,
se = 0.033; as noted above, 1 = support and 2 = strongly support),
and this support differs by frame (Table 2, column 1). Controlling for
political ideology, policy support is higher in the air pollution frame
than in all other frames (F = 5.4, p = 0.001, all pairwise comparisons
with air pollution significant at p < 0.01; see also row 1 of Table 2).
However, across frames, those who had heard of OA before taking the
survey more strongly support mitigation than those who had not
(F = 4.85, p < 0.023; see Fig. 4). Although statistically significant,
effect sizes are small across the board.

Respondents’ policy support did not differ significantly between the
climate change and global warming frames (Table 2, Fig. 4).

As Fig. 4 demonstrates, the small proportion of conservatives who
have heard of OA, reduces our statistical power and ability to draw firm
conclusions about the differences by OA awareness in this group. In a
fully factorial model of policy support that includes as predictors
framing, political orientation, and OA awareness, main effects of
framing (F = 4.36, p < 0.01) and political orientation (F = 159.74,
p < 0.001) emerged, as did significant interactions between frame and
OA awareness (F = 4.482, p = 0.001), as predicted by applicability
theories. The partial eta-squared for this interaction (i.e., the proportion
of the variance in policy support explained by the interaction) is as
large (0.018) as the main framing effect (partial eta-squared = 0.017),
while the effect of political orientation dwarfs both (partial eta-
squared = 0.137; see Fig. 4). There is also a significant two-way
interaction between OA awareness and political orientation
(F = 15.91, p < 0.001). The three-way interaction between frame,
political orientation, and OA awareness is nonsignficant (F = 1.833,
p = 0.14).

Since the climate change and global warming frames performed
similarly, as expected, in Fig. 5 we combine these frames for compar-
ison with the ocean acidification frame. Because carbon pollution is
rhetorically similar to air pollution, we had hypothesized that it would
behave similarly to air pollution; hence, we did not combine it with
climate change and global warming. Amongst conservatives who had
heard of OA before taking the survey, as hypothesized, policy support
tends to be higher for OA than for climate change or global warming,
even when the analysis is restricted to support for policies that
explicitly reduce carbon emissions (Fig. 5). Interestingly, although
our sample size does not allow for a robust test of the effect’s statistical
significance, conservative respondents tend to be more likely to oppose
policies in the global warming and carbon pollution frames, and more
likely to support policies in the ocean acidification frame, if they are
aware of ocean acidification. Such awareness does not appear to
influence conservatives’ (weak) support for policies in the climate
change and air pollution frames.

3.4. Models of policy support

To explore predictors of policy support across frames, we report five
linear mixed-effect models (Table 3). Model 1 shows that greater
concern is associated with stronger policy support. Model 2 shows that
holding a conservative political ideology is associated with decreased
policy support, controlling for concern. Model 3 adds awareness of OA
(Heard of OA), and shows that after controlling for concern and
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political ideology, having heard of OA is no longer strongly associated
with higher policy support (though the coefficient is positive and
significant at the p < 0.10 level). Model 4 shows that even controlling
for the previous factors, correct knowledge of OA is positively
associated with policy support, and is a better predictor than awareness
of OA in this model. Model 5 includes two additional predictors, the
beliefs that climate is changing, and that this change is anthropogenic.
Once belief in anthropogenic climate change is added to the combined
model (Model 5) it becomes the most important predictor of policy
support for carbon emissions reduction; concern and political ideology
remain associated with policy support, and OA causal knowledge

becomes less important. Causal belief in anthropogenic climate change
exceeds concern in effect size in model 5.

Further, mediation analyses demonstrate that concern partially
mediates the effects of frame, as expected. We focus these analyses on
the two frames that differ most from climate change and global
warming, which are OA and air pollution. In the first analysis, we
compare policy support for OA to policy support for global warming
and climate change (pooled), and test the effect of adding concern as a
mediator. The total effect of the OA frame is to lower policy support by
about a tenth of a point on average; about 56% of this effect is mediated
by concern (see Table 3). Similarly, the air pollution frame evokes on

Fig. 2. Responses to the question, “How much do you believe each of the following contributes to ocean acidification?” For reference, an overwhelming fraction of acidification (∼97–99%) is
due to atmospheric CO2, though particular kinds of runoff can have significant, localized impacts (Doney et al., 2007; see Appendix A Section 6.1). Differences for each response between
those who have and have not heard of OA marked (independent sample t-tests), * = p < 0.05, **p < 0.01.
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average about a third of a point higher policy support than global
warming and climate change framings, pooled, with 55% of the effect
mediated by concern (Table 4).

4. Discussion

Motivated by recent political usage of “carbon pollution,” this study
examines the effects of five frames for carbon emissions reduction
policies (air pollution, carbon pollution, climate change, global warm-
ing and ocean acidification). Further, the study seizes the opportunity
to contribute to our understanding of how people perceive ocean
acidification (OA) and how their OA awareness and knowledge might
interact with carbon-mitigation frames.

Our results support the interpretation that applicability is key to
predicting framing effects: While our experiment produced reliable
framing effects, they were small, and the interactions between frames
and prior mental models and attitudes explained as much or more
variance in policy support. This experiment suggests that ocean
acidification is not an especially effective frame for increasing policy
support for emissions reductions. Awareness of OA is generally low, and
across the entire sample the OA frame is associated with lower policy
support for mitigation efforts. However, the OA frame appears to have
the potential to contribute modestly to building support for mitigation
policy among at least one segment of the electorate: conservatives who
are aware of OA. Although this study is cross-sectional and cannot show
whether OA awareness is a driving factor or a result of increased
interest in climate change and global warming, the findings suggest that
OA education and awareness campaigns may help build crucial support
for carbon mitigation policies while avoiding backlash or boomerang
effects other communications strategies may evoke (e.g., Scharks,
2016). Consistent with earlier results (e.g., Bain et al., 2012), political
liberals (and moderates) show high policy support across frames,
though support is higher among moderates or liberals who have heard
of OA than among those who haven’t.

As a policy frame, carbon pollution commands about the same
mitigation support as climate change and global warming. This finding
suggests that it may provoke the same kind of polarization as has been
seen for global warming. These results appear initially to support
Bernauer and McGrath & s (2016) assertion that a simple reframing may
not increase policy support for carbon emissions mitigation. However,
with even this very modest framing intervention, air pollution received
significantly higher mitigation policy support than all other frames,
regardless of political orientation. Although regulation of carbon
dioxide as an air pollutant under the United States Clean Air Act has

encountered obstacles, these findings suggest air pollution framing is
worthy of further consideration.

4.1. OA understanding

As seen in Table 1 and Figs. 2 and 3, although some respondents
understand the primary causes and consequences of ocean acidification,
misperceptions about the causes and consequences of OA are prevalent.
Though our sample reports a higher level of OA awareness (higher than
previously reported), misperceptions resemble those found in initial OA
perception studies in the UK, where 37.5% of participants correctly
identified the main cause of OA (Corner et al., 2014). Two years later in
the USA, 37% of participants in this study correctly identified the main
cause. Comparing these results to people’s understanding of the causes
and consequences of climate change is difficult without additional
understanding of OA mental models. However, the spread and uneven-
ness of OA misperceptions is similar to what has been found for climate
change (see figures in Reynolds et al., 2010).

Though climate change awareness is near-universal in the U.S.,
overall public understanding has remained low for the past few decades
(Leiserowitz et al., 2016; Reynolds et al., 2010). Scientists, educators
and communicators have a great opportunity with OA. Coupled with
Frisch et al. & s (2015) sample of Alaska, our results suggest that OA
may not be politically polarized—at least not yet—and hence, may offer
a new way to engage conservatives in carbon mitigation policies. For
example, highlighting the threat to shellfish farming livelihoods could
make OA more salient to rural conservatives who are typically less
engaged in climate change (Howe et al., 2015; Kelly et al., 2013). Rural
America has a deep economic history in farming (Tickamyer and
Duncan, 1990) and a disproportionate amount of political influence
in the U.S. (Gamm and Kousser, 2013); a high-profile media story about
a rural shellfish farm’s struggle with OA has already led to policy action
in Washington State (Kelly et al., 2013).

4.2. Predictors of policy support

Unsurprisingly, the more concerned a person is about the environ-
mental challenge presented in a given frame, the higher the mitigation
policy support. In the first four models tested, concern has the largest
coefficient, typically followed by political ideology (more liberal people
show higher support for mitigation). Awareness of OA is important, but
its impact disappears after controlling for other variables. OA aware-
ness thus may be acting as a weak proxy for these other factors,
including OA causal knowledge. The more knowledgeable people are

Table 1
Perceptions of the main cause of ocean acidification. “Heard of OA” indicates those who report having heard of OA before taking the survey; “self-report having OA knowledge” indicates
those who have heard of OA and also self-report having more than “a little” knowledge of OA. Note that an overwhelming percent of acidification (∼97–99%) is due to atmospheric CO2,
though particular kinds of runoff can have significant localized impacts (Doney et al., 2007; see Appendix A Section 6.1).

Percent Responding

Putative Cause Percentage of all Participants
(N = 1013)

Percentage of those who have heard
of OA (N = 341)

Percentage of those who self-report having
OA knowledge (N = 82)

Pollution from ships such as from oil spills and
discharge of waste products

32.0 16.4 12.2

Atmospheric carbon dioxide from human activities
being absorbed by the oceana

37.0 53.4 67.1

Normal cycles of change in ocean chemistry 5.4 4.1 3.7
Increased seawater temperatures 8.1 7.6 7.3
Disruption of ocean food chains from overfishing 1.5 0.9 1.2
Runoff from agriculture 8.6 10.6 4.9
Naturally-occurring carbon dioxide in the atmosphere

being absorbed by the oceans
6.1 6.2 2.4

Other 1.3 0.9 1.2

a Correct response.
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Fig. 3. Responses to the question, “Based on what you know about ocean acidification, would you say that ocean acidification has direct effects on each of the following?” Percentage of
respondents who report bad, no, or good effects, or that they don’t know, by whether or not the respondent reports having heard of OA before the survey. Significant differences between
those that had heard of OA or not are marked * = p < 0.05, **p < 0.01. See Appendix A for a discussion of the scientific evidence on consequences of OA.
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about OA, the more likely they are to support carbon emissions
mitigation across all frames. OA causal knowledge has a significant
impact on a person’s policy support for carbon emissions reductions
even after controlling for political ideology and concern.

Though belief that the climate is changing has little bearing on
policy support, anthropogenic climate change causal beliefs are the
largest predictor of mitigation policy support. This raises the question
of how belief in anthropogenic climate change relates to OA causal
knowledge. Our data indicate a relationship between climate change
beliefs and OA knowledge, but more work needs to be done to better
understand it. Mental models studies exploring all aspects of people’s
thoughts on OA around the world would be a good first step, as
comparing layperson climate change mental models (e.g., Bostrom
et al., 2012, 1994; Bruin and de Bostrom, 2013; Read et al., 1994;
Reynolds et al., 2010; Wolf and Moser, 2011), to OA mental models
would be revealing.

4.3. Methodological contributions and caveats

All studies conducted with Mechanical Turk recruits are limited
with regard to how they may generalize to broader populations, even
though they are widely acknowledged as an improvement over strictly
student samples (Buhrmester et al., 2011). Although participants were
randomly assigned to framing conditions, very few self-identified as
politically conservative, fewer than anticipated, leaving the study
underpowered to examine potentially important interactions between
prior knowledge, political orientation, and framing. Despite these
limitations, the study sheds light on understanding of potential
perceptions and causal knowledge about ocean acidification, which
have been little studied. The study also hopefully advances our under-
standing of equivalence framing in the context of climate change; it
suggests a need for additional studies on these topics, given the
relatively small effects of the frames examined here, and that the

Table 2
Analysis of variance (ANOVA) of support for mitigation in the context of five different carbon emissions across frames. Air pollution acts as the intercept. Means represent the average
across two questions: How much do you support or oppose policies or actions meant to reduce [FRAME]? and How much do you support or oppose reducing [FRAME] by reducing carbon emissions?
Policy support measured as the average of two 5-point Likert scales from strongly oppose (−2) to strongly support (2), thus a negative mean indicates opposition and a positive mean
support.

Frame Mean policy
support

Std error Mean difference from Climate
Change/Global Warming Frames

Mean difference from Carbon
Pollution Frame

Mean difference from Ocean
Acidification Frame

Air pollution (n = 202) 1.41 0.06 0.25* 0.26** 0.58**
Carbon pollution (n = 207) 1.16 0.07 −0.01 – 0.32*
Climate change or global warming

(n = 405)
1.16 0.06 – −0.01 0.33**

Ocean Acidification (n = 199) 0.83 0.07 −0.58** −0.32** –

Analysis of variance (F = 10.374, p < 0.001; post hoc LSD comparisons, * = p < 0.05, ** = p < 0.01), N = 1013.

Fig. 4. Means and confidence intervals for policy support (index) by political ideology, awareness of ocean acidification, and frame. See Appendix A Table A5 for additional details.
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interactions between mental models and frames appear to be as or more
important. It could be argued that it is remarkable to see any effect of
framing at all, given that it entailed varying only a few words, but it is
important to note that the effects observed here are more a proof of
concept than what one might expect to see in the real world. Future
studies might increase ecological validity by testing frames in social and
informational environments that are more complex.

5. Conclusion

In the end, air pollution mitigation received the highest amount of
policy support overall and across all demographics. Somewhat to our
surprise, the findings also suggest that though promising on the face of
it, carbon pollution fails to achieve the broader appeal of air pollution,
faring little better than climate change or global warming frames.
However, an important consideration is that an air pollution framing
may also have the potential to mislead people to erroneously believe
that with sufficient resources and commitment a quick fix is possible for
climate change.

Although air pollution mitigation received the highest amount of

policy support, our findings suggest that OA mitigation may receive
higher levels of support than carbon pollution, climate change, and
global warming mitigation from conservatives who have heard of ocean
acidification. OA may offer a useful supplemental approach to engaging
conservatives in carbon mitigation policy. We find, as have others, that
concern and political orientation predict policy support, and that causal
knowledge is a significant independent predictor of policy support,
especially the belief that humans are causing climate change. We also
find that framing effects are mediated by concern, and are contingent
on knowledge. Our study confirms prior findings that awareness of OA
appears to be low. OA communication has been little studied compared
to climate change communication and deserves further investigation in
its own right.
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Appendix A

6.1 Discussion of OA knowledge questions
q14.3 How much do you believe each of the following contributes to ocean acidification? (order of items randomized)
The following six items were taken or modified from (Corner et al., 2014). Anthropogenic carbon dioxide emissions are the principle cause of

ocean acidification(Doney et al., 2009)—all other items are meant as distractors and draw on common perceptions of ocean issues (Corner et al.,
2014; Dropkin and Ludemann, 2015).

• Pollution from ships such as from oil spills and discharge of waste products [not at all]

• Atmospheric carbon dioxide from human activities being absorbed by the ocean [a great deal]

• Disruption of ocean food chains from overfishing [not at all]

• Increased seawater temperatures [not at all]

• Naturally-occurring carbon dioxide in the atmosphere being absorbed by the oceans [not at all]

• Normal cycles of change in ocean chemistry [not at all]

The following item was added to this set of questions as there is evidence that runoff from agriculture can contribute to localized ocean
acidification (Feely et al., 2010). However, of the total, causal amount of ocean acidification, runoff is responsible for only a few percent of
acidification, though localized impacts are much higher (Doney et al., 2007).

• Runoff from agriculture [a little bit]

q14.5 Which, if any, do you think is the main cause of ocean acidification? [Atmospheric carbon dioxide from human activities being
absorbed by the ocean] For example see (Corner et al., 2014; Doney et al., 2009)

q15.1 Based on what you know about ocean acidification, would you say that ocean acidification has direct effects on each of the
following? (order of items randomized)

The following 2 items are directly impacted by ocean acidification in a negative way. Ocean acidification makes it harder for calcifying organisms
to grow (Orr et al., 2005). Direct, negative effects on coral and shellfish have already been observed (Albright et al., 2016; Mabardy et al., 2015)

• Coral reefs [Yes, bad effects]

• Shellfish [Yes, bad effects]

The following 6 items are common misperceptions of ocean acidification consequences as shown in Corner et al. (2014).

• Coastal erosion [No effects]

• The sea level [No effects]

• The amount of sea ice (like the Arctic and Antarctica) [No effects]

• Oxygen levels in the atmosphere [No effects]

Table 4
Mediation analyses testing the degree to which concern mediates the effects of framing on policy support. N = 993, 1000 simulations. The total effect of concern as a mediator is broken
down into average causal mediation effect (ACME) and average direct effect (ADE). ACME represents the effect of concern as a causal factor in mediating policy support, while ADE
represents the direct effect of the policy frame itself. Here we show mediation effects of concern on ocean acidification and air pollution framing treatments with climate change and
global warming frames acting as control groups.

Ocean Acidification as treatment, climate change and global warming pooled as control

Estimate 95% CI Lower 95% CI Upper p-value

ACME −0.06 −0.089 −0.028 < 0.001
ADE −0.047 −0.084 −0.01 0.01
Total Effect −0.106 −0.149 −0.06 < 0.001
Proportion Mediated 0.565 0.328 0.872 < 0.001

Air pollution as treatment, climate change and global warming pooled as control

Estimate 95% CI Lower 95% CI Upper p-value

ACME 0.179 0.093 0.269 < 0.001
ADE 0.142 0.031 0.255 0.01
Total Effect 0.322 0.175 0.465 < 0.001
Proportion Mediated 0.554 0.333 0.862 < 0.001
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• Acid rain [No effects]

• Temperature of the ocean [No effects]

Large marine autotrophs (plants) are expected to benefit from ocean acidification (Koch et al., 2013) so the following item was included. This
question parallels the benefits of land plants to additional carbon dioxide in the atmosphere.

• Sea grass, kelp and other photosynthesizing ocean plants [Yes, good effects]

The following item is a subjective measure included to gauge people’s perception of ocean acidification on human wellbeing.

• People enjoying the beach

Table A2
Identification and scoring of causal thinking in response to the question What do you believe is causing ocean acidification?

Level Description Example Score

0 I don’t know or denial “I don’t know” or “I don’t think it is being
acidified”

0

1 Specific, but fully incorrect causes of OA “Overfishing”
2 Large scale generalizations about human causes that are not necessarily wrong, but not close to a fully

explained cause
“Human activity” 1

3 Pollution-related causes: shows an understanding of anthropogenic cause, though too unspecific to justify
giving a correct score

“Air pollution, water pollution”

4 Fossil fuel-related answers that do not specifically mention C02 “Greenhouse Gas Emissions” 2
5 Factually correct responses that do not mention the main cause. “Fertilizer runoff.”a

6 CO2 as the cause of OA “C02” 3

Other measures meant to explore other aspects of carbon emissions mitigation policy support included distance from coast and climate change perceptions.
a Note: Fertilizer is a cause of OA, but only in small, localized contexts.

Table A1
Demographic and political characteristics of participants along with relevant national data for comparison.

Frequency Percent National
Comparison

Sex
Male 520 0.51 .49
Female 493 0.49 .51

Age
Average Age = 36.6 36.8

Race
Nonwhite 230 0.23 .28
White 783 0.77 .72

News How often do you read the newspaper (online or on paper)?
Once a week or less 339 0.33
A few times a week 352 0.35
Daily 321 0.32

Political Party
Affiliation

Republican 193 0.19 .26
Democrat 462 0.46 .29
Independent 273 0.27 .42
Unaffiliated 72 0.07
Other 13 0.01

Political Ideology
(n = 1012)

In general, do you think of yourself as…

Extremely liberal
(1)

135 0.13

Liberal 288 0.28
Slightly liberal 167 0.17
Moderate, middle
of the road

191 0.19

Slightly
conservative

107 0.11

Conservative 92 0.09
Extremely
conservative (7)

32 0.03

Total Liberal 590 0.58 0.24
Moderate 191 0.19 0.35
Total Conservative 231 0.23 0.37

Average = 3.25

Note: n = 1013 unless otherwise specified.
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Table A4
Mean concern in response to the question, “How concerned, if at all, are you about [FRAME]?” Separated by political ideology and frame. Concern was measured on a 5-point scale from Not
at all (1) to A great deal (5).

All Liberal Conservative Moderate Air Pollution Carbon Pollution Climate Change Global Warming Ocean Acidification

Concern 3.64 4.02 2.76 3.52 3.90 3.64 3.73 3.77 3.14
N 1013 590 231 192 202 207 199 206 199

Table A3
List of different kinds of causes coded from responses to the question, “What do you believe is causing ocean acidification?” and their frequencies.

Response Frequency of
Cause

Percent of
Causes

Percent of
People

Level 0: I don't know or denial of
existence

I don’t know/incoherent NA 13.7
Deniers/Skeptics NA 1.1

Level 1: Specific and fully
incorrect answers

Acid Rain 56 5.0
Nuclear radiation 7 0.6
Physical change – Biotic 22 2.0
Physical change – abiotic 34 3.0
Plastic 6 0.5
ice/glacial melt 13 1.2
Natural 17 1.5
Total: Level 1 155 13.9

Level 2: Large scale
generalizations about human
causes

Humans 52 4.7
Specific human artifact (boat/
ship/cars etc.) or construct
(carelessness)

32 2.9

Total: Level 2 84 7.5

Level 3: Pollution-related
Non-specific/Not categorized/
“from humans”

180 16.1

Oil, oil spills and related
concepts

53 4.7

Industry/Factory 39 3.5
Litter/garbage/trash 42 3.8
Chemicals/Toxic 39 3.5
Air 49 4.4
Water/Dumping/waste 161 14.4
Runoff: non-specific/chemical/
factory/pollution

19 1.7

Total: Level 3 582 52.1

Level 4: Fossil fuel-related
answers that do not
specifically mention C02

Climate Change/Global
Warming/Temperatures

63 5.6

Fossil-fuels/GHG/“Emissions” 38 3.4
Carbon monoxide 6 0.5
Total: Level 4 107 9.6

Level 5: Factually correct
responses that do not mention
the main cause

0.0

Fertilizer/Agricultural runoff 14 1.3
Other factual (e.g. “reduction of
pH”)

4 0.4

Total: Level 5 18 1.6

Level 6: CO2 as the cause of OA
Carbon Emissions/CO2/
deforestation

169 15.1 16.7

Mechanism (e.g. “absorbed” or
“dissolved”)

NA 5.1

Total 1117
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