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ABSTRACT: Carbon capture and sequestration (CCS), while
controversial, is seen as promising because it will allow the
United States to continue using its vast fossil fuel resources in a
carbon-constrained world. The public is an important stakeholder in the national debate about whether or not the U.S.
should include CCS as a signiﬁcant part of its climate change
strategy. Understanding how to eﬀectively engage with the
public about CCS has become important in recent years, as
interest in the technology has intensiﬁed. We argue that
engagement eﬀorts should be focused on places where CCS
will ﬁrst be deployed, i.e., places with many “energy veteran”
(EV) citizens. We also argue that, in addition to information on
CCS, messages with emotional appeal may be necessary in order to engage the public. In this paper we take a citizen-guided social
marketing approach toward understanding how to (positively or negatively) inﬂuence EV citizens’ attitudes toward CCS. We
develop open-ended interview protocols, and a “CCS campaign activity”, for Wyoming residents from Gillette and Rock Springs. We
conclude that our participants believed expert-informed CCS messages, embedded within an emotionally self-referent (ESR)
framework that was relevant to Wyoming, to be more persuasive than the expert messages alone. The appeal to core values of
Wyomingites played a signiﬁcant role in the citizen-guided CCS messages.

’ INTRODUCTION
Without substantial reductions in the emissions of greenhouse
gases from the energy sector, it will be impossible to avoid
catastrophic climate change.1 One possible technological solution is carbon capture and sequestration (CCS), where CO2
emissions are captured from stationary sources such as coal-ﬁred
power plants and stored deep underground.2 This solution, while
controversial, is seen as promising, because it will allow the
United States to continue using its vast fossil fuel resources and
existing energy infrastructure in a “carbon constrained world”.3,4
With today’s technologies, retroﬁtting a coal-ﬁred power plant
with CCS is extremely expensive.4 Thus, energy engineers are
very interested in developing projects at minimal cost and risk,
located at geologically well characterized sites, where mineral
resources can be extracted at proﬁt. For at least the ﬁrst round of
projects, therefore, should CCS become part of U.S. climate
policy; the technology will be deployed in places that already
depend on mineral extraction and fossil-fuel-based electricity
generation. At these sites, livelihoods are heavily dependent on
the health of the local energy sector.5 In this paper we refer to
people living in such places as “energy veteran” (EV) citizens.
History has shown that the U.S. public reacts quickly and
negatively to accidents both in the production of energy,6 e.g., the
r 2011 American Chemical Society

Three Mile Island reactor meltdown (1979), and in the extraction of resources, e.g., the Deepwater Horizon oil spill (2010).
These and other events have contributed to the public’s general
suspicion of the energy industry, and surveys suggest that these
negative views extend to CCS.7 The public seems to think of
CCS as similar in scale and risk to that of nuclear energy, even in
the face of evidence to the contrary.7 Some see this technology as
pointless when more appealing alternatives such as solar power
exist.8,9
CCS policymakers and industry oﬃcials know that without
public acceptance, formal or implicit, it is unlikely that the technology will go to scale in the U.S. Research is beginning to move
beyond the investigation of the public’s perceptions of CCS, toward
developing strategies to eﬀectively engage with the general public.
In recent years, studies have shown that CCS information used in
research10 and for public education11 is of poor quality, tending to
produce “pseudo-opinions” that are easily changed.12 If the quality
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of the information is improved,12 14 however, participants can form
stronger and more favorable views of the technology.
Recognizing the importance of public support, CCS proponents have launched a “clean coal” campaign designed to
inﬂuence the attitudes of the general public (www.AmericanPower.org). The messages put forth by these eﬀorts focus on how
CCS could contribute to energy independence and economic
stability. For the few CCS experiments conducted at places with
an EV public, the approach has been to communicate messages
that emphasize technical and risk expert information. Such
communication eﬀorts at the Department of Energy’s CCS pilot
sites did not garner positive attitudes toward the technology, but
rather seemed to have the opposite eﬀect.9 Largely anecdotal
evidence from other countries supports this observation, where
several small-scale CCS experiments have been shut down in part
due to local protest.15 18
This paper does not analyze, or take a position on, the
arguments in favor of or against CCS as a rational response to
mitigating climate change. Rather, we recognize that the public is
an important stakeholder in the national debate about whether or
not the U.S. should include CCS as a signiﬁcant part of its climate
change strategy. Understanding how to eﬀectively engage with
the public about CCS has become important in recent years, as
federal and energy industry interest in the technology has
intensiﬁed. Engagement eﬀorts should be focused in places
where the technology will be ﬁrst deployed, which are mostly
places with EV citizens. Early deployments often set the tone for
future deployments, and local protests have been rallying points
for larger social movements against large-scale energy
technologies.19,20 We suggest that social marketing, or the
application of marketing techniques to achieve social change, is
an eﬀective approach toward engaging with the public about
CCS. In this study we develop a citizen-guided social marketing
approach toward understanding how to inﬂuence EV citizens’
attitudes toward CCS.
Role of Emotionally Self-Referent Triggers in Persuasive
Messages. What little research has been done on CCS-related
messages for citizens has centered on creating easily digestible
and readily understood messages.9 This work is influenced by
dual process models,21,22 which posit that if the message is “well
designed”, meaning that it is well reasoned, contains relevant
information, and appeals to the logic of an able recipient, then it
should be successful. By these criteria, CCS messages developed
to date are well designed—they contain “expert” approved
information presented in an attractive and logical manner.
Mounting evidence suggests that the best messages are not
only informational and logical, but also trigger an emotional
response in recipients.23 These emotional “triggers”, it is argued,
tend to induce thoughts about the recipients’ sense of identity.24
“Emotionally self-referent” (ESR) messages are better remembered, and are viewed as more persuasive than those that do not
arouse such a response. Emotionally self-referent messages may
also have the additional beneﬁt of being talked about with
recipients’ friends and families. Research suggests that exposure
to these messages encourages discussion, wherein information
ﬂows through social networks, potentially inﬂuencing those not
exposed to the original message.25,26
We argue that an eﬀective CCS campaign aimed at changing EV
citizens’ attitudes should target the multiple channels through
which an individual is inﬂuenced. A useful starting point would
be a systematic investigation of the emotional and informational
elements that could comprise a persuasive message about the
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technology. Although ESR-type messages have a long history of use
in public health and political campaigns, they have not been applied
to carbon management technologies in the energy policy domain.
We also argue that emotional triggers in a community are best
identiﬁed from within that community. We therefore relied on
the expertise of EV citizens to develop the ESR messages most
likely to aﬀect attitudes. To do this, we divided our study into two
parts. For the ﬁrst part, we identiﬁed the triggers that elicited
thoughts about identity for our study group of EV citizens—the
Wyoming public. For the second, we had our EV citizens use
these triggers to develop emotionally self-referent messages with
respect to CCS. They compared these messages to expertdeveloped CCS messages to analyze which were the most and
the least persuasive in promoting CCS to the Wyoming public.
Wyoming: A State of Energy Veteran Citizens. For Midwest
states that rely heavily on the revenues generated from coalrelated exports, the “writing is on the wall”.27 Their industry is
threatened by policies enacted in other states, for example
California’s 2006 Global Warming Solutions Act, that limit the
CO2 to be emitted during the generation of electricity. A
perceived threat also comes from the development of advanced
power plant technology such as Integrated Gasification Combined Cycle (IGCC). Designed to remove virtually all pollutants
such as SO2, large-scale IGCC deployment may eliminate the
cost advantage enjoyed for the past few decades by low-sulfur
Midwest coal.28
More than in any other Midwest state, coal is king in
Wyoming. In 2009, mining operations comprised more than
90% ($3.45 billion) of local and state revenue. State assessments
suggest that three secondary jobs are created for every direct
industry job, making the fossil fuel industry the single most
important employer in the state.5,29 But times are changing and,
to protect their coal industry, Wyoming state and industry
oﬃcials know the state must adapt.
Over the past decade, policymakers and industry oﬃcials have
advocated that the state move away from being an exporter of
coal (a low-value “shovel-and-ship” industry) to becoming an
exporter of coal-generated electricity (a high-value industry). In
the face of evolving national priorities on climate change where
coal is now seen as “dirty”, IGCC and CCS have been embraced
as a way for the state’s coal industry to stay aﬂoat. State legislators
have taken many steps to foster the development of CCS-related
activities, such as submitting a proposal for FutureGen and
passing the “CCS statutes”.30 32
To date, several government and industry-funded projects have
been proposed, and some are in the process of being implemented.
The “Wyoming Underground Storage Project” near Rock Springs,
WY is generally considered to be the most successful. Characterization of the underlying geology began in 2009 with $4.95 million
federal funding. Project developers are now in the process of
obtaining building permits, and they plan to start construction in
the next few years. In late 2010, the federal government promised
$5 million in additional funds for the project.33 Wyoming’s EV
citizenry and its proactive policies to foster the development and
deployment of CCS make it, perhaps, the best place to learn how to
develop persuasive CCS messages.

’ PART 1: EMOTIONALLY SELF-REFERENT TRIGGERS
FOR WYOMING
It would be impossible to develop emotionally self-referent
triggers without expert assistance. In our study, the relevant
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experts are Wyoming citizens. To identify what their triggers
might be, we conducted 20 open-ended face-to-face interviews
with selected participants in Wyoming. Without mentioning
CCS, we asked each participant just one question: “what speciﬁc
values identify you as a Wyoming citizen?”
Throughout this study, we recruited our participants by
snowball sampling. We were well aware of our outsider status
in Wyoming, and decided that this method would be the best way
to gain access to, and the trust of, our participants. Through a
review of U.S. census data and with help from the University of
Wyoming’s Energy Center, we determined that there were
subcommunities deﬁned largely by local economic activities:
tourism, government, mining, and education. With the assistance
of the Energy Center, we recruited “key informants” in each type
of community—Laramie (education; home to the University of
Wyoming), Cheyenne (government; the state capital), Gillette
(mining; the self-proclaimed “energy capital of the world”), and
Jackson (tourism; gateway to the Grand Teton and Yellowstone
National Parks). With the help of our key informants we
recruited participants in each community. Thus our purposively
drawn sample included state legislators (including the CCS
statutes coauthors), ranchers, educators, housing developers,
media representatives, members of the Governor’s cabinet, and
geologists.
As our sample is purposive rather than random, we present
and analyze only those responses that were frequently expressed;
such responses are more likely to be illustrative of the broader EV
citizenry in Wyoming. Through a content analysis of our interview notes, we identiﬁed ﬁve Wyoming ESR triggers (or values):
state independence, locals versus outsiders, outdoor space, lifestyle, and water (see Table 1). The term “value” was not
predeﬁned for the participants, and values expressed were ones
seen as being nearly universal for the people of Wyoming (see
Supporting Information (SI)).
Whereas these triggers were reported as capturing the essence
of WY citizens’ sense of identity, our interviews suggest that their
relative importance may diﬀer among subgroups of citizens with
diﬀering relationships to the energy industry. Four professional
categories emerged (see Figure 1): policymakers (local and
state), energy industry employees, ranchers, and broader community members. By no means does membership in one group
exclude membership in another; e.g., a rancher in Gillette raises
cattle and also leases her land to an oil company.
The identiﬁcation of the ESR triggers was only our ﬁrst step
toward understanding how to develop a persuasive message
about CCS. In the next section, using what we learned from
our initial interviews, we asked a new set of Wyoming participants to design emotionally self-referent CCS marketing
messages.

’ PART 2: CITIZEN-DESIGNED EMOTIONALLY SELFREFERENT CCS MESSAGES
Developing ESR CCS Messages. We developed an interview
protocol designed to elicit views about CCS, as well as to
understand views of the technology in relation to the ESR
triggers. Based on the responses from the “trigger” interviews
we conducted in April 2010, we developed and pretested this
CCS interview guide in May 2010 in Berkeley, California. With
the help of the Energy Center, we refined the guide and piloted it
in Casper, Wyoming—once a hub of industry in the state. Based
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Table 1. Most Frequent ESR Triggers Identiﬁed from Interviews with WY Participants
trigger

deﬁnition

state independence

state sovereignty

water
locals versus outsiders

resource scarcity; conﬂict between states
transient workers; shallow

outdoor space

nature’s beauty; recreation,

lifestyle

say what you do, do what you say;

family roots in Wyoming
e.g., hunting and ﬁshing; stewardship
work to live, not live to work

Figure 1. How participants were categorized into groups for our
analysis. In all we had 8 partially overlapping groups.

on our interviews in Casper, we tailored the guide for the
final study.
Whereas most citizens in the state are familiar with its energy
industry, for this part of the study we decided to recruit
participants who live where commercial CCS projects may occur
in the future. We recruited in the two largest mining communities: Gillette and Rock Springs. All of our participants were EV
citizens. They were already aware of CCS and many had loosely
formed opinions of the technology prior to their participation in
this study. Therefore the provision of educational materials on
CCS, which surveys with the general public often require, was not
needed.
Gillette, where we conducted 18 interviews in July 2010, is the
coal-mining town. Most of the town’s 25,293 residents34 are
directly or indirectly employed at one of its six coal mines. More
coal (90%) is mined in this area than in any other in the state, and
a quarter of all coal consumed in the U.S. comes from the Gillette
area alone. Rock Springs, where we conducted 21 interviews in
July 2010, is an older and more well established community than
Gillette. Many of its 18,708 residents are employed at the local
trona mines, and some are employed by coal and natural gas
operations (see SI for more information).
We found that while the ESR triggers may be (nearly)
universal, their relative importance varies by subsets of the state’s
population. Because a CCS campaign in Wyoming could be more
eﬀective if it included multiple CCS messages targeted at these
subsets, we recruited from each of these groups in each community (Figure 1): policymakers, energy industry managers and
employees, ranchers, and community members not directly
related to the energy sector.
The CCS interview began with several open-ended questions
such as “What are the challenges facing Wyoming over the next
20 to 25 years?” Then we had our participants design a “CCS
campaign” in which, based on their responses during the interview, they created either a statewide pro- or anti-CCS marketing
message. We had some of the participants develop messages
contrary to their stated opinion of the technology. We did this to
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encourage our participants to share views they believed to be
persuasive not only to themselves, but that might be persuasive to
others. This activity involved several steps.
We ﬁrst asked our participants what persons, groups, and/or
institutions they believed would be trusted sources of information. Second, we assessed the relative importance of each ESR
trigger by having our participants rank them (from 1 to 5) by
what was most central to their own sense of identity as a
Wyomingite. When questioned, without exception, every participant conﬁrmed that the ESR triggers were central to their sense
of identity. “I would say these values,” said an older Rock Springs
librarian, “are what connect the people of Wyoming” (RS7).
Third, we asked our participants to design a statewide pro- or
anti-CCS marketing message using the ESR triggers. We asked
our participants to imagine that they had a ﬁxed pool of resources
(i.e., money or time) from which they could draw to develop
their message. Then, using an interactive budget allocation tool
(see SI), we had our participants divide the pool of resources
among the ESR triggers (Table 1). Our underlying assumption
was that larger resource allocations to speciﬁc triggers would be a
proxy for greater emphasis to be placed on those triggers in a
hypothetical CCS campaign. While the participants were using
the allocation tool, we encouraged them to follow the Think
Aloud Protocol;35 this protocol asks participants to describe what
they are looking at, doing, thinking, and feeling. We did this so
that we could better understand both what our participants
believed to be a persuasive CCS message for their fellow
Wyomingites, as well as to understand why they thought so.
The Think Aloud method can sometimes lead to illogical or
unrelated utterances and possible cognitive overload;35 we tried
to mitigate these disadvantages by asking the participants followup questions to ensure that they had expressed themselves to
their satisfaction.
Fourth, to gauge the importance placed on CCS we asked our
participants to estimate how much should be spent on a pro- or
anti-CCS campaign to be successful—one generating CCS
support or rejection. To help our participants with their estimates, we provided them information on how much was spent on
advertising for the last gubernatorial election.
Finally, we showed our participants six expert-developed,
primarily informational, CCS messages (Table 2), drawn from
a range of economic and scientiﬁc assessments. We asked them to
rank these (from 1 to 6) in the order they believed would be most
important to an average Wyoming citizen. Then, we invited our
participants to rerank the ESR triggers with respect to their CCS
messages. We encouraged the participants to include the expert
messages in this reranking if, and where, they saw ﬁt. During the
ranking exercises, we again asked our participants to tell us aloud
what they were looking at, doing, thinking, and feeling.
Analysis. ESR Triggers. We had our participants rank the ESR
triggers on a scale from 1 to 5, with 1 representing the trigger
most important to their identity as Wyoming citizens and 5 being
the least. Given our small and purposive sample, we could not
assume that the rankings for the groups were either normally
distributed or fully representative of the larger population. To get
a sense of the magnitude of differences in the ranking of the ESR
triggers among the groups, we employed robust nonparametric
tests. We used the Wilcoxon test (chi-square for 2 groups) to
assess the differences in means between our two communities
(Gillette vs Rock Springs) and status (decision-makers vs nondecision-makers). We used the Kruskal Wallis test (chi-square
for 2 or more groups) to assess differences by profession. If a

POLICY ANALYSIS

Table 2. Expert CCS Messages Drawn from a Range of
Current Scientiﬁc and Economic Assessments (see SI)
trigger

deﬁnition

beneﬁts to Wyoming

local beneﬁts, e.g., employment;

suited to Wyoming

encourage cleaner energy market
well-developed energy sector;

a known technology

used for enhanced resource production;

costs

raise electricity costs; power plants likely

low expected risk

low risk; lower risk with good site selection

climate change

and appropriate technologies
CCS will reduce CO2 emissions from

well-characterized geology
used for acid gas disposal
to regulated in the future

fossil fuel ﬁred power plants

trigger were equally important between two or more groups (e.g.,
between Gillette participants and Rock Springs participants), we
would expect an average rank of 2.5 (based on a scale of 1 5).
ESR CCS Messages and Expert CCS Messages. The resource
allocation to each ESR trigger for the CCS campaign comprised
the heart of their persuasive CCS message. To assess the
importance of each trigger, we took the average of the percentages allotted to each ESR trigger to identify the “average CCS
campaign”. We took this average campaign allotment and
mapped it in Figure 2. Each bubble represents one ESR trigger
and the size of the bubble corresponds to the percentage
allocated to it. We also had our participants rank the expert
CCS messages on a scale from 1 to 6, with 1 representing the
message most important to them. We performed a similar
analysis for the expert CCS messages as we did for the ESR
triggers.
To get a sense of the magnitude of the diﬀerences in resource
allocation among the groups, we again employed nonparametric
tests. We used the Wilcoxon test to assess the diﬀerences in mean
percentages allocated for each trigger between our two communities and status. We used the Kruskal Wallis test to assess
diﬀerences by profession. If a trigger were equally important as all
the other triggers for a particular group, we would expect to see
an average resource allocation of 20%. If there were no diﬀerences between groups we would expect to see average allocations
of 20% for each trigger for all groups.
To better understand and contextualize our results, we
performed a content analysis of the interview transcripts.
Through this analysis we assessed the sources that our participants believed would be trusted with respect to encouraging or
discouraging CCS, as well as their views on CCS and how it
related to the energy industry.
Results. ESR Triggers. On balance, our participants ranked
lifestyle (M = 2.16, SD =1.26) and outdoor space (M = 2.18,
SD =1.16) higher than the other ESR triggers (see Table 3). The
trigger ranked as least important was locals versus outsiders (M =
4.39, SD = 1.17).
ESR CCS Messages and Expert CCS Messages. The maps in
Figure 2 represent the allocation decisions by all our participants
and by community groups for the CCS marketing message. For
the average CCS campaign, our participants allocated nearly half
of their resources to lifestyle and locals versus outsiders (25% and
24%, respectively). Next, they allocated 20% of their resources to
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Figure 2. Graphical depiction of the average percentage of resources allocated for each ESR trigger for a persuasive pro- or anti-CCS message for all of
our participants (a) and by community (b).

Table 3. Average (and Standard Deviation) Rank for Each ESR Trigger for the Groups, As Well As for All of the Participants (1 =
Most Important, 5 = Least Important); A Low Average Value Means That the ESR Trigger Was Considered More Important than
the Other Triggers
lifestyle

outdoor space

water

state independence

locals vs outsiders

M

SD

M

SD

M

SD

M

SD

M

SD

Gillette

2.61

1.42

2.39

1.33

3.11

1.18

3.11

1.18

4.28

1.41

Rock Springs

1.75

0.97

2.00

0.97

2.60

1.39

3.15

1.18

4.50

0.95

decision-makers

1.67

1.02

2.00

0.89

3.05

1.36

3.29

1.19

4.19

1.21

nondecision-makers

2.76

1.30

2.41

1.42

2.59

1.23

2.94

1.14

4.65

1.11

policymakers
energy industry

1.75
1.83

1.16
1.11

1.63
2.58

0.52
0.79

3.00
3.33

1.51
1.07

3.50
3.25

1.31
0.97

4.38
4.58

1.06
1.24

rancher

2.29

1.38

2.29

1.70

2.86

1.35

2.57

1.27

3.86

1.35

community members

2.80

1.40

2.00

1.41

2.30

1.25

2.90

1.10

4.60

1.17

2.16

1.26

2.18

1.16

2.84

1.31

3.13

1.17

4.39

1.17

community

status

profession

all participants

outdoor space and 20% to state independence. The rest was
given to water and other topics.
According to our respondents, a persuasive pro-CCS marketing
message would open with how CCS would enhance their lifestyle
and enjoyment of outdoor space. Then it would move to how CCS
does not threaten jobs (locals versus outsiders) but instead retains,
and maybe even creates, jobs. The message would then show how
the development of the technology in Wyoming contributes to
and maintains state independence. A state senator, for instance,
said that he would say, “we are tired of the federal government
coming in and telling us how to run things when we can do this
ourselves” (G16). Although water was not seen as central to a
persuasive message, our participants said they would mention that
CCS would not adversely aﬀect water quality or supply.
The most commonly formulated anti-CCS marketing message
rested on exactly the same triggers and exactly the same order of
triggers as the pro-CCS message. The diﬀerence lay, our participants said, in how they would “spin” each of the ESR triggers.
For the anti-CCS message, our participants would open with how

the technology might adversely aﬀect their lifestyle and outdoor
space. A historian in Rock Springs said he would say how CCS
“negatively aﬀects...my lifestyle in terms of me backpacking and
seeing no signs of man” (RS1). The message would move on to
how the technology threatens jobs (locals versus outsiders). One
coal miner in Gillette responded that he would say, “we
[Wyomingites] don’t want outsiders here, even if it hurts our
economy” (G2). The message would suggest that CCS is being
considered by the state only because of federal pressure (state
independence), and conclude with how the technology, because
it is not yet proven, could threaten water quality and supply.
When we compared the CCS message maps by our diﬀerent
groups, we found diﬀerences in how resources were allocated by
community. Our Gillette participants allocated signiﬁcantly
more resources to state independence than our Rock Springs
participants (χ2 = 10.65, p = .00). Our Rock Springs participants
allocated signiﬁcantly more of their resources to locals versus
outsiders (χ2 = 8.96, p = .00). Our data do not allow us to explain
these intergroup diﬀerences, however.
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Table 4. Average (and Standard Deviation) Rank for Each CCS Expert Message for the Groups, As Well As for All of the
Participants (1 = Most Important, 6 = Least Important)
beneﬁts

suited to Wyoming

known technology

low expected risk

costs

climate change

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

3.06

1.70

2.67

1.81

2.83

1.15

3.72

1.53

4.11

1.60

4.78

1.96

1.60

1.31

2.40

1.50

3.20

1.54

3.75

1.94

3.95

2.11

3.90

2.31

decision-makers

1.71

1.10

2.05

1.07

3.14

1.31

3.62

1.83

4.33

1.77

4.86

1.80

nondecision-makers

3.00

1.97

3.12

2.03

2.88

1.45

3.88

1.65

3.65

1.97

3.65

2.45

community
Gillette
Rock Springs
status

profession
policymakers

1.88

1.25

1.63

1.30

2.63

1.51

3.88

2.10

4.50

2.27

3.75

2.31

energy industry

1.67

1.07

2.42

1.24

3.50

0.90

3.33

1.44

3.67

1.30

6.00

0.00

rancher
community members
all participants

3.00

2.00

3.14

1.77

3.00

1.29

4.14

1.21

4.57

2.15

3.86

2.27

3.00
2.29

2.05
1.66

2.60
2.53

1.84
1.64

2.50
3.03

1.43
1.37

3.60
3.74

2.12
1.73

3.90
4.03

2.02
1.87

3.30
4.32

2.41
2.17

On balance, a trusted source to deliver the CCS message
would be one seen as unbiased (“no bias...100% no bias”
(RS12)), down-to-earth (“not just some hotshot, but somebody
who has been though the good and bad times” (G16)), and
native-born (“These guys are natives, they have grown up with
the cattle industry and the oil discovery. That’s a lot of credibility
in our community, I think, if you have those roots” (G17)).
Untrustworthy sources are energy industry representatives: as
one male rancher in Gillette put it, “Basically you can’t trust
anybody anymore. Especially people in the energy industry
because they’ll lie” (G3). Another untrustworthy source would
be “elite” environmentally oriented nongovernmental organizations. A local conservative radio personality said emphatically, “it
can’t be environmentalists” (G6).
We found diﬀerences by status as to how the CCS campaign
should be presented. Although all agreed that local and state
policymakers would be trusted, non-decision-makers strongly
believed that, given Wyoming citizens’ preference for “hands-on”
campaigns, community members delivering the message would
be best. A coal miner in Rock Springs suggested that “a collective
of local citizens who would be formed to study the issue and
present the results” (RS19) could be a successful way to deliver a
pro- or anti-CCS message. Our ranchers recommended that “a
cowboy-type or agricultural representative” (G3) would be
trusted, because they would be perceived as having no vested
interest in the energy industry. Unprompted, several participants
suggested that the most eﬀective way to reach Wyoming citizens
would not be through media outlets but rather through their
workplaces or community meetings (“take it to every Lions Club
in the state and have a speaker” (RS17)).
When asked to rank the expert-developed CCS informational
messages, our participants ranked beneﬁts (M = 2.29, SD = 1.66)
and suited to Wyoming (M = 2.53, SD = 1.64) higher than the
other CCS expert messages (see Table 4). The message ranked as
least important was climate change (M = 4.32, SD = 2.17),
though climate change is the main reason for policy-level interest
in CCS.
Our participants did not see their emotionally self-referent
CCS messages as supplanting the more traditional expert points
of view. Rather, they argued that CCS expert messages should go
“hand-in-hand” (RS11) with the ESR triggers to create a message

that would be part of a successful (pro- or anti-) CCS campaign.
One Rock Spring participant reﬂected on the primacy of ESR
triggers in her CCS message, “you have to draw out the emotion.
You...have to get it, so they [Wyomingites] wonder how this
aﬀects them” (RS7). Most reshaped their original campaigns to
include some of the expert messages, but retained the ESR
message’s centrality.
A pro-CCS message (see Figure 3) that includes the expert
messages would focus on how the technology would positively
aﬀect lifestyle and outdoor space, mediated by beneﬁts. An
energy industry executive in Gillette said, “the only way I can
think to run a campaign like that is if you showed people that it
would create more jobs—because it is about the only argument
you can present” (G16). The link between beneﬁts and lifestyle
and outdoor space would be a central message, where the
important questions would be: “How can I be employed at a
reasonable salary to do things? How is it [CCS] going to aﬀect
hunting and ﬁshing?” (RS4)
An anti-CCS message focuses on the same ESR triggers, but
highlights the expert messages most likely to generate suspicion
or anger by Wyomingites (see Figure 3). For example, a coal
miner in Gillette (G16) augmented his original anti-CCS message to include the expert messages:
“...well these, actually all three of these (gestures to CCS
expert message in front of him) would have an impact on
nature. You can certainly use the argument that it is going to
hurt our nature here...lifestyle...and from the standpoint of
nature and water. Um. Again, state independence is related
to global warming...climate change is something that the
feds have dreamed up and they are shoving it down our
throats. Locals versus outsiders go along with this. You
know, we don’t want the outsiders here.”

’ DISCUSSION
From our study of energy-sector veteran residents of Wyoming,
we conclude that our participants believed that expert-produced
informational CCS messages, embedded within an ESR framework that was relevant to Wyoming, were more persuasive than the
expert messages alone. Indeed, our participants thought that the
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Figure 3. General pro-CCS message including the average pro-CCS
expert message (green), and the anti-CCS message (red). A pro-CCS
marketing message would include how beneﬁts (1) allow for the
Wyoming lifestyle, thereby (2) enhancing Wyomingites’ enjoyment
of outdoor space. An anti-CCS marketing message would include
how CCS will (1) cost jobs and threaten lifestyle thereby reducing
Wyomingites’ ability to enjoy outdoor space. Then, it would explain that
climate change is a problem (2) created by outsiders (meaning, the
federal government) and will mean fewer jobs (transient workers), and
therefore threatens state sovereignty.

most persuasive pro- or anti- CCS campaigns should lean
more heavily on the ESR triggers. The triggers themselves do
not change, no matter the intent of the message. However, the
relative importance placed on these triggers appears to diﬀer
by subsets of the population, and any CCS campaign should be
sensitive to those diﬀerences. Potentially, a successful way to
inﬂuence EV citizens’ attitudes toward CCS would appeal to
the place-based values and identity issues they ﬁnd most
important. The expert-based information on CCS is important, but for the purposes of inﬂuencing attitudes it may be
secondary.
Our ﬁndings show only what our participants believed would be
persuasive CCS messages, and not what actually are persuasive
messages. Future research should test this social marketing
approach to assess the degree to which citizen-guided messages
are indeed persuasive. One possible way to do this would be to
have members of an EV public “vote” on a ﬁctional CCS
referendum after exposure to information about the technology,
after the technology is presented either within an ESR framework
or alone. Furthermore, while our ﬁndings suggested that ESR
triggers are key to a persuasive CCS message, there may be a
distinction between an ESR trigger that is important and one that
is persuasive. For example, our participants ranked locals versus
outsiders as low in importance relative to the other ESR triggers,
but allocated a substantial portion of their resources (24%) to it for
their persuasive CCS message. There are a number of diﬀerent
models that might explain our ﬁndings. First, ESR triggers may
have multiple and contextual meanings for our participants.36
Alternatively, certain ESR triggers may require more cognitive
eﬀort to understand than others and therefore may not be
emphasized in a persuasive CCS campaign.37 Finally, lower ranked
triggers may be used in order to appeal to the broadest audience
possible.38 Further study is need to understand the contribution of
these models to our participants’ selection of ESR triggers.

POLICY ANALYSIS

Although not enthused about the technology, our EV citizens
saw the energy industry, and coal in particular, as the state’s
“bread and butter” (G1). Coal, they reported, kept the state
running, and the state gave them the resources necessary to fund
their independent, outdoor-loving, you-work-to-live self-image.
If CCS were the way to maintain that identity, then they would be
for it, and believed that their fellow-citizens would be, too.
Social identity theory posits that people derive part of their
identity from their group membership, and that this social
identity has emotional signiﬁcance.39 Our EV citizens’ sense of
identity—Wyomingite—was a product partly of birth and partly
of self-selection. The economic and political pressure from the
outside (which includes the federal government) was seen as an
attack on the coal industry, as well as on the collective values held
dear by Wyomingites. The increasingly negative rhetoric around
coal was perceived as a personal attack against Wyomingites
themselves. These factors fueled the fear that Wyoming’s social
identity was under threat, further causing the participants to
defend the integrity of the “ingroup”.40 Almost all participants
expressed resentment at the power of “outsiders” over the
“locals”: one city commissioner said ruefully, “we’ve been a
colony here our entire history...a lot of our economy is run by
multinational companies who couldn’t even ﬁnd our state on a
map in their board room” (G18).
The strategy adopted by decision-makers in the state has been
to use “outgroup” political and economic pressure to do something about coal, as an opportunity to “save” the coal industry
through CCS. Thus, they are able both to maintain the status quo
by keeping the industry in place and try to increase Wyoming’s
status by promoting the state as “technology pioneers” (G2) and
“energy policy leaders” (G11). The rest of the population, in
eﬀect, goes along with this plan, because so many of them are
either indirectly or directly dependent on the mineral extraction
industry. For Wyomingites, at stake is not just their ﬁnancial
security but also the very fabric of their society.
Diﬃcult decisions about what carbon management technologies to invest in will need to be made over the next few years if the
U.S. wants to make a meaningful contribution to the mitigation
of climate change. In many instances this will require energy
veteran citizens to assume the local burden of living close to these
potentially risky technologies for the beneﬁt of the nation.
Furthermore, EV citizens will be asked to assume an unknown
ﬁnancial burden, potentially costing jobs and undermining a
valued way of life.
This study is premised on the understanding that the public is
an important stakeholder in the national debate about CCS, and,
given growing interest in the technology by policymakers and
energy industry oﬃcials, developing eﬀective ways to engage with
the public is becoming more important. Most ongoing CCS
perceptions research has emphasized “well designed” expert
messages, i.e., messages that seek to convey information about
the technology in a scientiﬁc but simple manner. The main
goal is to target the general public and therefore to understand
the factors that inﬂuence the public’s attitudes toward the
technology. 11 14 We have argued that the perceptions of EV
citizens in the frontline states are diﬀerent from those of the
general public, and that these should be the focus of the next
wave of CCS campaigns. We have also argued that emotionally
self-referent messages are at least as important as expert
informed messages if EV attitudes are to be inﬂuenced.
In this study we do not advocate either for or against the
implementation of CCS. Rather, we suggest that social marketing
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is a potentially powerful approach in engaging with the public
about CCS, whatever be the intent of the engagement. Our
application of social marketing methods to the energy domain
contributes to an emerging set of studies investigating ways to
communicate with the public about carbon management technologies. Our method of identifying citizen-guided ESR triggers,
and campaigns based on these, could be useful to persuasive
messaging in a wide range of domains, including energy policy,
environmental policy, and public health. Finally, while we
recognize that ESR triggers are place-based and speciﬁc, we
believe that the methods we developed to elicit these triggers will
hold with other EV citizens in states with signiﬁcant fossil fuel
operations.

’ ASSOCIATED CONTENT

bS

Supporting Information. Descriptions of the ESR triggers and expert CCS messages, CCS campaign tool, and
Gillette and Rock Springs, as well as additional subgroup
analysis.This material is available free of charge via the Internet
at http://pubs.acs.org.

’ AUTHOR INFORMATION
Corresponding Author

*Phone: (510) 642-1640; fax: (510) 642-1085; e-mail: gwong-parodi@
lbl.gov; mail: Energy and Resources Group, University of
California, Berkeley, 310 Barrows Hall, Berkeley, California
94720-3050.

’ ACKNOWLEDGMENT
This research was supported by the Climate Decision Making
Center at Carnegie Mellon University ((NSF) SES-0345798)
and by the Energy and Resources Group at UC Berkeley.
We thank two anonymous reviewers of this journal for helpful comments, and Professor Todd LaPorte and the ERG
Water Group at UC Berkeley for numerous discussions and
suggestions.
’ REFERENCES
(1) IPCC 2007: Summary for Policymakers; Contribution of working
group I to the fourth assessment report of the Intergovernmental Panel
on Climate Change; Intergovernmental Panel on Climate Change:
Geneva, Switzerland, 2007; www.ipcc.ch/publications_and_data/ar4.
(2) NETL. Carbon Sequestration; www.netl.doe.gov/technologies/
carbon_seq/index.
(3) Geological Storage Formation Classiﬁcations: Understanding Its
Importance and Impacts on CCS Opportunities in the United States;
DOE/NETL-2010/1420; National Energy Technology Laboratory:
Golden, CO, 2010; www.fossil.energy.gov/news/techlines/2010/
10050-Geologic_Storage_Manual_Issued.
(4) DOE/NETL. Carbon Dioxide Capture and Storage RD&D Roadmap; National Energy Technology Laboratory: Golden, CO, 2010;
www.netl.doe.gov/technologies/carbon_seq/refshelf/CCSRoadmap.pdf.
(5) Petroleum Association of Wyoming - Oil and Gas Facts; www.
pawyo.org/facts.html.
(6) Rosa, E. A.; Dunlap, R. E. Nuclear power: Three decades of
public opinion. Public Opin. Q. 1994, 58 (2), 295–32410.1086/269425.
(7) Reiner, D. M.; Nuttall, W. J. Public acceptance of geological
disposal of carbon dioxide and radioactive waste: A comparative assessment. Adv. Global Change Res. 2011, 44 (1), 295–31510.1007/978-90481-8712-6_10.

POLICY ANALYSIS

(8) Bradubury, J.; Ray, I.; Peterson, T.; Wade, S.; Wong-Parodi, G.;
Feldpausch, A. The role of social factors in shaping public perceptions of
CCS: Results of multi-state focus group interviews in the U.S. Energy
Procedia 2009, 1 (1), 4665–467210.1016/j.egypro.2009.02.289.
(9) Fleishman, L. A.; De Bruin, W. B.; Morgan, M. G. Informed
public preferences for electricity portfolios with CCS and other lowcarbon technologies. Risk Anal. 2010, 30 (10), 1399–1410. (10.1111/
j.1539-6924.2010.01436.x).
(10) Malone, E. L.; Dooley, J. J.; Bradbury, J. Moving from misinformation derived from public attitude surveys on carbon capture and
storage towards realistic stakeholder involvement. Int. J. Greenhouse Gas
Control 2010, 4 (2), 419–42510.1016/j.ijggc.2009.004.
(11) A Looming Rhetorical Gap: A Survey of Public Communications
Activities for Carbon Dioxide Capture and Storage Technologies; Working
paper 0801; University of Cambridge - Electricity Policy Research
Group: Cambridge, UK, 2008; www.eprg.group.cam.ac.uk/wp-content/uploads/2008/11/eprg08012.pdf.
(12) de Best-Waldhober, M.; Daamen, D.; Faaij, A. Informed and
uniformed public opinions of CO2 capture and storage technologies in
the Netherlands. Int. J. Greenhouse Gas Control 2009, 4 (2),
419–42510.1016/j.ijggc.2008.09.001.
(13) Wallquist, L.; Visschers, V. H. M.; Siegrist, M. Impact of
knowledge and misconceptions on beneﬁt and risk perception of
CCS. Environ. Sci. Technol. 2010, 44 (17), 6557–656210.1021/
es1005412.
(14) Wallquist, L.; Visschers, V. H. M.; Dohle, S.; Siegrist, M.
Adapting communication to the public’s intuitive understanding of
CCS. Greenhouse Gases: Sci. Technol. 2011, 1, 83–9110.1002/ghg3.4.
(15) Case Study of the Carson CCS Project; Global CCS Institute:
Canberra, Australia, 2010; www.globalccsinstitute.com/resources/publications/carson-ccs-project-case-study.
(16) Frightened, furious neighbors undermine CO2-trapping power
project. Underground: myths and realities of carbon capture and storage;
www.eenews.net/special_reports/underground/part_one.
(17) Brunsting, S.; de Best-Waldhober, M.; Feenstra, C. F. J.; (Ynke)
& Mikunda, T. Stakeholder participation practices and onshore CCS:
Lessons from the Dutch CCS Case Barendrecht. Energy Procedia 2010,
4, 6376–638310.1016/j.egypro.2011.02.655.
(18) Underground gas storage shelved after town protests; The
Times (London): London, England, 2010, November 5.
(19) Hess, D. J. Technology-and product-oriented movements:
Approximating social movement studies and technology studies. Sci.
Technol. Human Val. 2005, 30 (4), 515–53510.1177/01622439
05276499.
(20) Van der Horst, D. NIMBY or not? Exploring the relevance of
location and the politics of voiced opinions in renewable energy siting
controversies. Energy Policy 2006, 35 (5), 2705–271410.1016/j.
enpol.2006.12.012.
(21) Petty, R.; Cacioppo, J. T.; Goldman, R. Personal involvement as
a determinant of argument-based persuasion. J. Pers. Soc. Psy. 1981, 41
(5), 847–85510.1037/0022-3514.41.5.847.
(22) Chaiken, S. Heuristic versus systematic information processing
and the use of source versus message cues in persuasion. J. Pers. Soc. Psy.
1980, 39 (5), 752–76610.1037/0022-3514.39.5.752.
(23) Dillard, J. P.; Peck, E. Persuasion and the structure of aﬀect.
Human Commun. Res. 2001, 27 (1), 38–6810.1111/j.1468-2958.2001.
tb00775.x.
(24) Dunlop, S.; Wakeﬁeld, M.; Kashima, Y. Can you feel it?
Negative emotion, risk, and narrative in health communication. Media
Psy. 2008, 11 (1), 52–7510.1080/15213260701853112.
(25) David, C.; Cappella, J. N.; Fishbein, M. The social diﬀusion of
inﬂuence among adolescents: Group interaction in a chat room environment about antidrug advertisements. Commun. Theory 2006, 16 (1),
118–14010.1111/j.1468-2885.2006.00008.x.
(26) Maibach, E. W.; Abroms, L. C.; Marosits, M. Communication
and marketing as tools to cultivate the public’s health: A proposed
“people and places” framework. BMC Public Health 2007, 7 (1),
88–10310.1186/1471-2458-7-88.
6750

dx.doi.org/10.1021/es201391g |Environ. Sci. Technol. 2011, 45, 6743–6751

Environmental Science & Technology

POLICY ANALYSIS

(27) California: No to “old” coal power; Casper Star Tribune:
Casper, WY, 2005, November 5; www.trib.com/news/state-and-regional/article_c8676998-bbd5-5d5f-8e93-ab9c402091c7.
(28) U.S. Energy Information Administration. Independent Statistics
and Analysis: Analysis and Projection; DOE/EIA-0393ER(2011); Energy
Information Administration: Washington, DC, 2010; www.eia/gov/
forecasts/aeo/early_production.
(29) Concise guide to Wyoming coal; www.wma-minelife.com/coal/
coalhome.
(30) General session summary for HB0090. House Bill 08LSO0047, 2008; www.legisweb.state.wy.us/2008/Summaries/HB0090.
(31) General Session Summary for HB0089. House Bill 08LSO0080. www.legisweb.state.wy.us/2008/Summaries/HB0089.
(32) Desperate for CO2; Casper Star Tribune: Casper, WY, 2010,
July 1; www.trib.com/news/state-and-regional/article_d74074c6-a1d45312-b812-4d3a00ee7675.
(33) UW scientists launch major carbon storage research project;
www.wcti.uwyo.edu/showrelease.asp?id=44682.
(34) State & county quickfacts Wyoming; www.quickfacts.census.
gov/qfd/states/56000.
(35) Lewis, C.; Mack, R. Learning to use a text processing system:
Evidence from “thinking aloud” protocols. Proc. 1982 Conf. Hum. Fact.
Comp. Sys. 1982, 387–3920.1145/800049.801752.
(36) Kecskes, I. Dueling contexts: A dynamic model of meaning.
J. Pragmatics 2008, 40 (3), 385–40610.1016/j.pragma.2007.12.004.
(37) Kellogg, R. T. Eﬀects of topic knowledge on the allocation of
processing time and cognitive eﬀort to writing processes. Memory
Cognition 1987, 15 (3), 256–26610.3758/BF0319772.
(38) Rice, R. E., Atkins, C. K., Eds. Public Communication Campaigns,
3rd ed.; Sage Publications, Inc.: Thousand Oaks, CA, 2001.
(39) Ellemers, N.; Wilke, H.; Knippenberg, A. Eﬀects of the legitimacy of low group or individual status on individual and collective
status-enhancement strategies. J. Pers. Soc. Psy. 1993, 64 (5),
766–77810.1037/0022-3514.64.5.766.
(40) Turner, J. C.; Hogg, M. A.; Oakes, P. J.; Reicher, S. D.;
Wetherell, M. S. Rediscovering the Social Group: A Self-Categorization
Theory; Basil Blackwell: Oxford, U.K., 1987.

6751

dx.doi.org/10.1021/es201391g |Environ. Sci. Technol. 2011, 45, 6743–6751

