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ABSTRACT
This paper identifies critical lessons from the climate change experience to
guide how communications and engagement on negative emissions can
be conducted to encourage functional public and policy discourse.
Negative emissions technologies present a significant opportunity for
limiting climate change, and are likely to be necessary to keep warming
below 2°C. While the concept of negative emissions is still in its infancy,
there is evidence of nascent polarization, and a lack of nuance in
discussion of individual technologies. We argue that if negative
emissions technologies are to be implemented effectively and
sustainably, an effective governance regime is needed; built on
functional societal discourse and avoiding the ideological baggage of
the broader climate change debate or the controversies concerning
geoengineering. At its core, our argument is to avoid the ideological
bundling of negative emissions; this can be pursued directly and via
careful selection of communication frames and the use of non-partisan,
trusted messengers. Whether these lessons are heeded may determine if
negative emissions are governed proactively, or are distorted politically,
misused and delayed.
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Climate change and negative emissions

Scientific understanding and consensus on the causes and impacts of climate change is growing; and
the task of addressing global warming has become an urgent endeavor (IPCC, 2018). However, it
remains highly politicized in many countries (Carmichael & Brulle, 2017; Hornsey, Harris, & Field-
ing, 2018). Where concerted global action is needed to slow the rate of change to the climate, there is
evidence instead of polarization among some citizenries and groups of policy-makers, for example in
the United States, one of the largest absolute contributors to climate change (Althor, Watson, &
Fuller, 2016), the United Kingdom, Australia, and Canada (Smith & Mayer, 2019).
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The 2015 Paris Agreement on climate change has enshrined a goal to limit global warming to well
below 2°C, with an aspirational target of 1.5°C (United Nations Framework Convention on Climate
Change, 2015). However, current international commitments and policies to reduce emissions indi-
cate that global efforts are likely to fail to limit warming to “safe” levels (Fuss et al., 2014; Minx et al.,
2018). As a result, there is increasing academic and policy attention given to negative emissions tech-
nologies – approaches that can remove existing greenhouse gases (GHG) from the atmosphere to
compensate for historical emissions (Hansen et al., 2016) or future failures in emissions reduction
efforts (Field & Mach, 2017) – as likely requirements for reaching net-zero emissions (Fuss et al.,
2014; Rogelj et al., 2015; Smith et al., 2016). As an emerging suite of technologies that has the poten-
tial to become an important dimension of efforts to address climate change, negative emissions
options run the risk of following the path of the emissions reduction discourse into polarization
and dysfunctional debate, fueling poor policy choices. Now is the time to take stock of the lessons
from climate change – establishing the scientific evidence base and informing the emissions
reduction debate in particular, as well as other issues within climate debates, including adaptation
and geoengineering. By learning from this, we raise the prospects of a functional discourse on nega-
tive emissions – that is, solutions focused, constructive discourse where parties in conflict navigate
challenges to secure a resolution rather than polarizing and endeavoring primarily to “defeat” their
opponents (Colvin, Witt, & Lacey, 2015).

The fuzzy taxonomy of negative emissions

The term negative emissions describes both the act of removing GHG from the atmosphere (Fuss
et al., 2014), and the goal for GHG accounting to be net negative (i.e. more GHG removed from
the atmosphere than added) (Rogelj et al., 2015). Negative emissions technologies are a range of
approaches and technologies that can be deployed to meet the goals of negative emissions. Key
approaches include the use of bioenergy with carbon capture and storage (BECCS), afforestation
and reforestation, changed agricultural practices, land management for soil carbon, biochar,
enhanced rock weathering, direct air capture with storage, and ocean fertilization (Smith et al., 2016).

Negative emissions are positioned between mitigation – which involves reducing emissions to
limit effects on the climate system – and geoengineering – which is often described as changing
earth systems to limit effects of emissions, but without actually affecting the emissions (Honegger
& Reiner, 2017). While the broad mitigation agenda has focused on reducing the amount of
GHG emissions entering the atmosphere, negative emissions do not focus on reducing emissions
but instead on removing existing GHG from the atmospheric stock (Heyward, 2013).

Geoengineering, broadly defined, is a deliberate human intervention in the climate system
intended to alleviate climate change (The Royal Society, 2009). In its more narrow conception it
is often conflated with solar radiation management, where techniques or technologies are deployed
to limit the amount of incoming radiation (Talberg, Christoff, Thomas, & Karoly, 2017). Whether or
not negative emissions technologies are considered forms of geoengineering can depend on the tech-
nologies in question, as well as one’s perspective, ideology, and motivations (Honegger & Reiner,
2017). However, geoengineering is often used as a “catch all” term that includes negative emissions
and solar radiation management (Minx, Lamb, Callaghan, Bornmann, & Fuss, 2017), and they are
often paired and interchanged in public dialogue. Here, we agree with the view (Heyward, 2013;
Lenzi, 2018; Talberg et al., 2017) that negative emissions and geoengineering are most helpfully con-
sidered separate suites of approaches. Further, we consider that discussion of negative emissions, too,
can be most functional when each negative emissions technology is considered independently. The
technological, policy, economic, environmental and public acceptance challenges and risks are likely
to be unique to each technology. The line of reasoning we follow is that the more we can emphasize
nuance and avoid broad brush categorisations, the better-equipped we will be for functional and
informed public discourse and effective governance.
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The state of negative emissions: accelerating research and risk-based governance

Short of major advancements in global emissions reductions, the need for negative emissions is likely
to increase in urgency and extent. Despite this need and the growing body of research on negative
emissions (Minx et al., 2017; Minx et al., 2018), the potential impact of negative emissions options on
future climate change is uncertain (Minx et al., 2017). Most major integrated assessment models
(IAMs), such as those synthesized by the Intergovernmental Panel on Climate Change (IPCC),
include negative emissions in the form of just two technologies – BECCS and afforestation/ refores-
tation (Smith et al., 2016). Other negative emissions technologies by contrast have to date not been
widely reflected in IAMs and hence have received less attention.

Similarly, there are questions around the social and economic feasibility and risks of negative
emissions (Heck, Gerten, Lucht, & Popp, 2018). Most risks, trade-offs, and opportunities are specific
to individual negative emissions technologies (Fuss et al., 2018), but there are broader concerns.
These include the potential for competition for land with conservation management and food pro-
duction, water availability, unintended adverse ecological consequences, and creating a moral hazard
by delaying urgent emissions reductions (Lenzi, 2018).

The nature of risks from negative emissions technologies are likely to be highly dependent on the
technologies themselves (Campbell-Arvai, Hart, Raimi, & Wolske, 2017) in combination with the
specifics of how they are implemented and governed (Bellamy, Lezaun, & Palmer, 2019). For
example, BECCS and afforestation/ reforestation present substantial challenges for balancing poten-
tial large-scale land use with achieving the UN sustainable development goals, in particular ensuring
future security of food, water and biodiversity protection (Fuss et al., 2018). Direct air capture with
storage, in contrast, is likely to generate fewer land use pressures, but carries complications in the
economics of research, development, energy use and deployment and management of intellectual
property (Nemet et al., 2018).

Systems to govern negative emissions similarly require substantial development. There are indi-
cations of “governance by default” for negative emissions, where a patchwork of pre-existing govern-
ance frameworks developed for issues other than negative emissions are applied non-strategically
and non-selectively to negative emissions endeavors as they arise (Talberg et al., 2017) – a triumph
of convenience over forethought. Specific to geoengineering, some meaningful progress has been
made, for example via proposed principles (Rayner et al., 2013) or codes of conduct (Hubert, Kruger,
& Rayner, 2016) to guide research and governance, especially concerning issues of procedural justice,
transparency, and inclusion.

Some distinct negative emissions technologies are currently explicitly governed in some jurisdic-
tions, such as afforestation, but governance of negative emissions as a cross-technology endeavor is
lacking. Where negative emissions technologies are included in governance frameworks (variously as
negative emissions or geoengineering) they are usually framed as a risk to be managed (Galaz, 2012;
Redgwell, 2011; Virgoe, 2009).

Nonetheless, the negative emissions agenda is young, in terms of both its science and governance.
There is an opportunity to encourage functional discourse that enables solutions-focused debates
and effective governance; but is the negative emissions discourse heading in this functional direction?

Tracking towards polarization: negative emissions is very different from solar
radiation management

Public awareness of negative emissions – both as a broad agenda and as a distinct set of approaches –
is low (Bellamy, Lezaun, & Palmer, 2017; Braun, Merk, Pönitzsch, Rehdanz, & Schmidt, 2018; Pid-
geon, Parkhill, Corner, & Vaughan, 2013; Wright, Teagle, & Feetham, 2014), but already there are
signs of nascent polarization in some fora (Lawford-Smith & Currie, 2017).

Important debates concern the potential for negative emissions to be a “moral hazard”; that is, a
justification for continuing with business as usual or slowing mitigation efforts (Corner & Pidgeon,
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2014). For instance, the negative emissions agenda may reinforce the lock-in of carbon-intensive
energy systems through undermining the need for urgent decarbonization. Similarly, there is a con-
cern that negative emissions may “crowd out” resources necessary for effective mitigation. This
reflects similar concerns about climate change adaptation in the early 1990s (Burton, 1994),
where investment in adaptation was seen to diminish effort on emissions reductions.

Variations on the “moral hazard” framing are evident in the discourse on negative emissions
in the media (Nogrady, 2017) and popular science (Klein, 2015), and it is often used as a jus-
tification to argue for a moratorium on geoengineering and/or negative emissions research
altogether. Although the moral hazard argument deserves consideration (Anderson & Peters,
2016; Lenzi, 2018), its empirical basis is weak (Merk, Pönitzsch, & Rehdanz, 2018). A case
in point, today, climate change adaptation is typically seen as a necessary complement to miti-
gation rather than a threat. Some recent studies focusing on solar radiation management
suggest that increased awareness of these novel technologies may support a greater appreciation
of technological risks and complexity (Merk et al., 2018) and therefore spur increased emissions
reduction efforts (Millard-Ball, 2012), or could simply result in no detrimental effect (Fair-
brother, 2016).

However, are we guilty here of ascribing to negative emissions findings from research on social
responses regarding solar radiation management? Discussion ostensibly on the whole range of
geoengineering and negative emissions approaches often ends up predicated on solar radiation man-
agement (Lenzi, Lamb, Hilaire, Kowarsch, & Minx, 2018) as the “paradigm example of geoengineer-
ing” (ETC Group and Heinrich Böll Foundation, 2017; Gardiner, 2013; Porter, 2017). Does such
analogical reasoning hold? In such instances, the nature and extent of risks specific to solar radiation
management shape perceptions that inform attitudes toward negative emissions technologies. Com-
plexity and nuance are undermined, and instead an extreme (and false) view of geoengineering and
negative emissions as solar radiation management-like endeavors might prevail. The tendency for
this is especially problematic as research has shown that, when prompted, members of the public
can and do differentiate between different types of technologies, with non-solar radiation manage-
ment generally seen as more desirable (Braun et al., 2018; Campbell-Arvai et al., 2017; Lawford-
Smith & Currie, 2017; Pidgeon et al., 2013).

We argue, based on these observations, that there is a risk that the negative emissions discourse
will become polarized, and that this is especially likely to occur through the conflation of negative
emissions with solar radiation management approaches. Solar radiation management is already
polarizing (Ott, 2018). This matters, because polarization can undermine the capacity for developing
a functional discourse and result in debate that is focused on digging into entrenched positions at the
expense of seeking solutions (Colvin et al., 2015).

The direction the discourse on negative emissions takes as it gains greater public awareness could
be critical to shaping its future governance regime. This is both through the direct influence of shap-
ing the perception of governance actors and elites, and indirectly by public opinion guiding the
agenda of which technologies are to be governed and which will be banned or left unregulated (Bei-
ser-Mcgrath & Bernauer, 2019; Nemet et al., 2018). If negative emissions are unavoidable realities of
a future in which the worst impacts of climate change are avoided, then maximizing the benefits of
negative emissions and minimizing the risks require an effective governance regime built on func-
tional public discussion.

Lessons from climate change for negative emissions

Learning from the past may determine whether the negative emissions discourse follows a path
toward functional governance that opens opportunities for climate solutions and sustainable devel-
opment, or falls into the familiar trap of polarization (Bolsen & Shapiro, 2017) that locks in poor
outcomes. Here, we present a synthesis of three key, interrelated, insights from the scholarship of
climate change – spanning applied psychology, communications, and governance – to guide how
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we can take an informed approach to developing the negative emissions discourse in a functional
way.

At its core, our argument is to avoid ideological bundling; this can be pursued directly and via
careful selection of communication frames and consideration of who delivers the message. In this
article, we look to the climate change experience broadly, though with a focus on emissions
reductions and public acceptance of climate science. By reflecting on what led the climate change
debate toward polarization, we may be able to avoid the same fate for negative emissions.

Avoid ideological bundling

In some societies, climate change has become or is perceived to be, a domain of the political “left,”1

where the commitment to action on resolving climate change is often bundled with other progressive
agendas (Bolsen & Shapiro, 2017). This is especially the case in the Anglophone countries of the Uni-
ted States, United Kingdom, Canada, and Australia (Smith &Mayer, 2019). This ideological bundling
means that attitudes toward other, unrelated issues, will color attitudes toward climate change. This
bundling can then become a heuristic for developing attitudes on climate change, rather than a deep
engagement with evidence and arguments.

Climate change entering the political arena means political candidates are likely to make commit-
ments around climate change in efforts to secure electoral success, and climate change then can
become a point of differentiation between political parties. This can inhibit effective climate action
(Bailey, Macgill, Passey, & Compston, 2012; Kemp, 2017). Such political positioning can drive polar-
ization as the climate change agenda becomes part of a political ideology informing voting prefer-
ences and policy-making (Unsworth & Fielding, 2014), or even a social identity informing day-
to-day beliefs, attitudes, and practices (Colvin et al., 2015). This was the conclusion of a recent review
of polling data in the US, which showed that since the late 1990s, opinion on global warming has
divided across partisan and ideological lines (Egan & Mullin, 2017).

Once a topic becomes politically polarized, citizens’ attitudes are likely to be influenced not by the
substantive detail of the topic, but instead by whether their political ideology is seen to be “pro” or
“anti” (Fielding & Hornsey, 2016). From here, research suggests that many citizens do update their
knowledge when presented with new information (Wood & Porter, 2019). However, those citizens
and elites who are most active, engaged and vocal often practice selective engagement with infor-
mation that reinforces pre-existing beliefs (Guess & Coppock, 2018). They do so by seeking per-
ceived credible sources that may differ from authoritative, scientific knowledge (Druckman &
Mcgrath, 2019). As a result, individuals interpret the “reality” of an issue to fit a pre-existing ideol-
ogy, rather than adapting beliefs in light of evidence (Bolsen & Shapiro, 2017; Druckman, Fein, &
Leeper, 2012). As a consequence, support for research, programs, policy and other action can
become unreliable, limiting progress.

The public awareness-raising work of ex US Democrat vice-president Al Gore via the 2006 film
An Inconvenient Truth may have helped drive politicization of climate change in the US from 2007
(Bolsen & Shapiro, 2017). This, in effect, bundled climate change with other causes of the Democratic
Party, situating the agenda for action on climate change as the ground of the political “left.” As push-
back against the “left” climate agenda (Hoffarth & Hodson, 2016), the insertion of climate change
denialism into the agenda of the political “right” has important material and ideological dimensions.
Specifically, while global warming denialism is an ideological factor, much of the extensive material
work of denialism (e.g. report writing, lobbying, media appearance) has been underwritten by
businesses and individuals whose interests would be harmed by emissions reduction (Brulle, 2018;
Downie, 2017).

A complexity for implementing negative emissions arises in the fact that there are existing per-
ceptions that proponents of geoengineering (including from the scientific community), and by
affiliation negative emissions, may be seen as both “techno-optimists” and ideologically aligned
with the “right” (Kintisch, 2010). Perceptions of, characterizations about, and responses to this
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perceived “geoclique” (a specific term coined by Kintisch [2010]) suggest that there is a strong poten-
tial for negative emissions projects, via affiliation with ideas about geoengineering, to become ideo-
logically bundled with “right” aligned ideologies. This could result in ideologically-motivated
pushback and resistance from “left” aligned ideologies, suggesting that if negative emissions become
politically polarized, it could be the mirror image of the emissions reductions debate, with advocates
on the “right” and opponents on the “left.”

Environmental non-governmental organizations – as key political actors and ideological sign-
posts – do not have a consensus view on whether to support negative emissions as climate change
solutions, or oppose them as threats to biodiversity or a “moral hazard” (Talberg et al., 2017). There
is also a possibility that material interests may be either threatened by negative emissions, for
example where fisheries interests conflict with those of ocean fertilization, or enriched by them,
for example where miners may pursue new opportunities to produce the materials required for
enhanced weathering (Buck, 2018). Whether these groups decide to support or oppose negative
emissions technologies may fundamentally shape the way the agenda is positioned ideologically
and may have significant impacts on the ensuing discourse. So far, such positioning has not hap-
pened at scale across broad ideologies and interests.

To avoid ideological bundling of negative emissions, it might be helpful to consider the broad
array of ideologies and interests and how these may accord with or oppose negative emissions. Nega-
tive emissions offer a new social endeavor that does not have to be limited by the ideological baggage
of climate change, or for that matter, geoengineering. Foregrounding opportunities such as the devel-
opment of new industries and revitalization of old industries may open negative emissions to the
“right” aligned ideologies that have been closed to climate change action. It may be instrumental
to identify early the interests likely harmed or aided by negative emissions, and to consider the
impacts of any costs to those interests as part of negative emissions measures (Rayner et al., 2013).

Meanwhile, the benefits from halting climate change for human and non-human wellbeing and
future generations may engender openness from “left” aligned ideologies that are otherwise resistant
due to pre-existing views on the perceived “geoclique” and geoengineering. Negative emissions can
be analyzed across, and argued for, in terms of the benefits that speak to a range of ideologies (e.g.
Bain et al., 2016). This can challenge a potentially dominant narrative that would position negative
emissions as solely the domain of a particular ideology, political party or social identity.

Choose communication frames carefully

The terms that are selected to communicate an issue, such as climate change or negative emissions,
invariably influence the way the issue is perceived. Framing is the process of deploying groups of
terms that build a desired narrative (Druckman et al., 2012). In this process, a “frame” is placed
around some, but not all, aspects of an issue, emphasizing them at the expense of others. In the
case of climate change and more specifically the dominant discourse on emissions reductions, a
number of frames have been used to shape perceptions, ranging from the level of scientific consen-
sus, to consequences for environment, national security and public health, to morality and the poli-
tics of action (Bolsen & Shapiro, 2017; Nisbet, 2009). A prevalent framing of climate change is that of
environment versus economy (Bolsen & Shapiro, 2017). In such a frame, action on climate change is
posed as being antithetical to economic prosperity (Klein, 2014), creating a dichotomy that causes
fear and reluctance to act (Bain et al., 2016). This contributes to the ideological bundling, whether
justified or not, of climate change with “left” ideologies and against “right” ideologies.

Adopting frames for climate change that emphasize patriotism or waste reduction engage people
with a “right” aligned ideology whereas the framing of “climate justice” polarizes and alienates them
(Whitmarsh & Corner, 2017). Framing the future under climate change and various action scenarios
in terms of gains, rather than losses, is more likely to generate support for climate policy (Gifford &
Comeau, 2011; Spence & Pidgeon, 2010). Evidence is mixed on the impact of emotion in climate
change framing (Chapman, Lickel, & Markowitz, 2017), with some studies indicating fear inhibits
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personal action on climate change (O’Neill & Nicholson-Cole, 2009) and others finding the same for
messages around policy efficacy (Hornsey & Fielding, 2016).

In this context, what emerges is framing contests where rival groups of actors compete to strate-
gically frame debates to set agendas and draw attention to their concerns. In other words, they
engage in rounds of framing and counter-framing as they try to replace an existing frame with
their preferred frame (Sell & Prakash, 2004). A climate change related example of this is the recent
rise of the co-benefits frame for emissions reduction as a reaction to the environment versus economy
frame (e.g. The New Climate Economy, 2018). A salient example is provided in the efforts by the US
government under President Obama to link the positive consequences of mitigation, such as reduced
air pollution, with health benefits (Bailey, 2018). Achieving the dominant frame is vital because of its
capacity to shape the discourse and in turn influence policy outcomes. Doing so is likely to be easier
in the agenda-setting phase when the public first encounters an issue because shaping initial percep-
tions is easier than attempting to change perceptions later (Ecker, Lewandowsky, Swire, & Chang,
2011).

We can take stock of these lessons from framing climate change during the prevailing efforts for
emissions reduction and take an informed approach to engaging with the emerging negative emis-
sions discourse and governance regime. The experience with promoting emissions reduction tells us
that we should employ language around negative emissions carefully, considering the impacts of
potentially loaded terms, such as “geoengineering,” which we already know can create public resist-
ance or polarization (Braun et al., 2018; Heyward, 2013; Lawford-Smith & Currie, 2017; Pidgeon
et al., 2013). The power of framing is highlighted by Corner and Pidgeon (2015) who found that
framing geoengineering projects as akin to natural processes increases public support for geoengi-
neering. Research on effective framing for negative emissions that is proactive rather than reaction-
ary could steer the discussion toward functional discourse by identifying and avoiding frames that
cause polarization.

A potential challenge for early framing around negative emissions is the moral hazard frame.
There is evidence to suggest that the moral hazard argument about geoengineering is appealing to
the (UK) public: the public agrees that geoengineering presents a moral hazard (Corner & Pidgeon,
2014). While the moral hazard argument is significant in varying dimensions across geoengineering
and negative emissions, and is deserving of judicious examination, framing negative emissions first
and foremost as a moral hazard potentially constructs a false dichotomy where negative emissions
technologies are viewed as an alternative to emissions reduction. Instead, negative emissions
could be framed as a complement to meaningful mitigation actions, as many climate scientists
argue that this is what is required to limit future climate change (Hansen et al., 2016).

Use non-partisan, trusted messengers

It is not just the nature of the message (how it is framed, the information it delivers), but likely also
perceptions about the messenger that influence how the message is received. Perceptions about the
messenger’s ideology, identity, similarity to oneself, and the potential for hidden agendas all can
affect the efficacy of how a message is delivered and received (Fielding & Hornsey, 2016; Hoffarth
& Hodson, 2016; Moser, 2010; Nisbet, 2018; Rabinovich, Morton, & Birney, 2012), and whether
that message emerges bundled with an existing ideological standpoint. For instance, perceptions
among “right” aligned people that some environmentalists use climate change to covertly encourage
more government control (i.e. a “left” agenda) drives “right” aligned opposition to climate change
policies. This is not necessarily due to the substantive content of the policy. It is likely because
the ideological motives of those actors that advocate for these policies are mistrusted (Hoffarth &
Hodson, 2016).

Public opinion on climate change has historically been swayed by political mobilization by elites
and advocacy groups rather than information-based science advocacy, especially through the news
media (Carmichael & Brulle, 2017). The platform through which messages are shared, too, can affect
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the perception of the message. The “left” or “right” ideological orientation of news sources tends to
predispose the nature of reporting to frame climate change in terms that adhere with the publi-
cation’s ideology (Carvalho, 2007; Schmid-Petri, 2017). Distrust in media sources due to perceptions
of bias is a known barrier to the public’s engagement with climate change (Lorenzoni, Nicholson-
Cole, & Whitmarsh, 2007), while the use of “right” ideologically aligned news sources has been
shown to decrease trust in scientists’ understanding of climate change (Hmielowski, Feldman,
Myers, Leiserowitz, & Maibach, 2014).

The quantity of media coverage on climate change has a direct effect on the aggregate trends in
public opinion about climate change. More media coverage means more concern among the public
regardless of whether the coverage is “positive” or “negative” (Carmichael & Brulle, 2017). Mean-
while, for individuals with a strong interest and engagement in politics, there is evidence that selec-
tion of media sources is increasingly becoming ideologically driven (Davis & Dunaway, 2016)
(though this is not the case for non-politically engaged citizens (Garrett & Stroud, 2014; Guess,
Nyhan, Lyons, & Reifler, 2018)); online discussions about climate change commonly occur in fora
with little diversity of opinion (Williams, Mcmurray, Kurz, & Lambert, 2015). These phenomena
are linked, as after an issue has been exposed via the media, discussion in social media increases
(King, Schneer, &White, 2017). In both cases – seeking ideologically aligned media and participating
in online homogeneous discussions – the most engaged and vocal members of the citizenry appear to
seek messengers who reflect their own views. The more a member of the citizenry gains an interest in
an issue, the more likely they are to perceive balanced media reporting as biased against their inter-
ests (Hansen & Kim, 2011) and the more likely they are to seek news sources that reflect and support
their position. The implication is that the longer an issue has been in the public discourse via the
media, the more likely it is to become polarized.

As public awareness of, and engagement with, negative emissions grows, we can learn from these
lessons from climate change and work toward a functional discourse. When engaging with stake-
holders and the public, as is essential to developing a governance regime for negative emissions (Bel-
lamy, 2018; Rayner et al., 2013), it is helpful to consider what signals the messenger will send to the
audience. If the messenger is a known political figure, the message will be affiliated with their identity
group or ideology. A mix of messengers can help avoid ideological bundling, especially when those
messengers are not strongly ideologically aligned or identified. Developing strategic alliances with
individuals and organizations across the ideological spectrum may counteract some of these trends
toward polarization. Perceiving oneself to have shared interests and identity- and ideological-coher-
ence with a messenger affords more credibility to the messenger, and therefore the message being
delivered (Bolsen & Shapiro, 2017; Oldmeadow, Platow, Foddy, & Anderson, 2003).

Avoiding recognizably partisan spokespersons is critical to counteract the forces acting to polarize
discourse (McDonald, 2016). Engaging with a range of news media sources across ideologies (Car-
valho, 2007) and partnering with key political and media elites who cross traditional ideological
divides (such as the Green Tea Coalition, which originated out of the Atlanta Tea Party and the
Sierra Club to advocate for renewable energy [Downie, 2019]) can assist with challenging the percep-
tion that climate change is an issue of the political “left.”

The same strategy could also steer the negative emissions discourse away from polarization (Lenzi
et al., 2018). Such trans-partisan alliances can also open opportunities for employing framing that
leads to meaningful engagement from across the political spectrum. Genuine broad alliances can
facilitate development of shared understanding, which will allow for new ways of engaging with
negative emissions, rather than following the polarized path laid by the climate change debate.

Looking toward implementation

In this article we have focused on lessons for the high-level public and policy discourse on negative
emissions, however as negative emissions projects near implementation we further point to the rich
and insightful literature on climate and energy transitions to guide practicalities of just and effective
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deployment. For example, through attentiveness to the social licence to operate (Bice & Moffat,
2014), procedural fairness (Lacey, Carr-Cornish, Zhang, Eglinton, & Moffat, 2017), public partici-
pation (Colvin, Witt, & Lacey, 2016), justice (Sovacool & Dworkin, 2015), and the economics of
regional industry change (Burke, Best, & Jotzo, 2019). If negative emissions technologies are
deployed, this avenue is yet another point for learning from the past to position for a functional
future.

Concluding remarks

Based on our reflections on the climate change experience, we propose three key lessons for negative
emissions. Critically, ideological bundling should be avoided as negative emissions enter the public
discourse, and this can be supported through choosing communication frames carefully and using
non-partisan, trusted messengers.

We encourage researchers to continue to pursue rigorous and robust research into the technical
and social feasibility of negative emissions, and to consider as a priority the social acceptability of
negative emissions, and to be cognizant of the possibility that some technological approaches may
be outside of what is considered socially acceptable (following Lacey, Howden, Cvitanovic, &
Dowd, 2015). At the same time, we urge all with a voice in this emerging discourse to consider
the implications of how their research and viewpoints are communicated. For instance, if the
risks of a negative emissions technology are shown to outweigh the potential benefits in a particular
context or emissions trajectory, it is important that the scientific and governance communities
understand and publicly share this information. Therefore it is all the more important that one
brush is not used to paint all negative emissions technologies, and the potential risks and benefits
of each proposed technology are considered with specificity and in context. This can help achieve
open and functional discourse across the disparate approaches.

These insights and arguments are predicated on an assumed willingness across constituencies to
engage constructively with the challenges and opportunities presented by negative emissions. Delib-
erate efforts to seed misinformation by powerful interests may make functional discourse and action
on negative emissions beyond reach of the three lessons outlined here (McDonald, 2016; Nisbet,
2009). Policy development will need to include strategies that avoid the creation of lobbies comprised
of those whose ideological or material interests will be harmed by negative emissions. Nevertheless,
the need for negative emissions presents opportunities for economic innovation and growth. As a
result, there is the potential for the negative emissions agenda to engage across the ideological spec-
trum. Developing the discourse and the emerging negative emissions governance regime in a func-
tional and inclusive way, not polarized, will be critical in mobilizing the required resources if the
promise of negative emissions advocated by some scholars should prove true and necessary to
avoid the worst impacts of climate change.

Note

1. In this article we use the short hand terms “left” and “right” to reflect common discourse on political ideology,
while recognizing that these terms are inherently oversimplified and limited: “left” approximates progressive
political thought and “right” approximates conservative political thought.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the Energy Transition Hub, a collaborative venture supported by the Australian Depart-
ment of Foreign Affairs of Trade and the German Federal Ministry of Education and Research.

ENVIRONMENTAL COMMUNICATION 9



ORCID

R. M. Colvin http://orcid.org/0000-0002-2011-5433
Luke Kemp http://orcid.org/0000-0002-3816-564X
Anita Talberg http://orcid.org/0000-0002-4762-2355
C. Downie http://orcid.org/0000-0002-1559-1814
S. Friel http://orcid.org/0000-0002-8345-5435
Will J. Grant http://orcid.org/0000-0001-9674-6488
Mark Howden http://orcid.org/0000-0002-0386-9671
Frank Jotzo http://orcid.org/0000-0002-2856-847X
Francis Markham http://orcid.org/0000-0002-4266-2569
Michael J. Platow http://orcid.org/0000-0002-1721-0827

References

Althor, G., Watson, J. E. M., & Fuller, R. A. (2016). Global mismatch between greenhouse gas emissions and the burden
of climate change. Scientific Reports, 6, 20281. doi:10.1038/srep20281

Anderson, K., & Peters, G. (2016). The trouble with negative emissions. Science, 354, 182–183.
Bailey, C. J. (2018). Assessing president Obama’s climate change record. Environmental Politics, 28, 847–865.
Bailey, I., Macgill, I., Passey, R., & Compston, H. (2012). The fall (and rise) of carbon pricing in Australia: A political

strategy analysis of the carbon pollution reduction scheme. Environmental Politics, 21, 691–711.
Bain, P. G., Milfont, T. L., Kashima, Y., Bilewicz, M., Doron, G., Gararsdottir, R. B.,… Saviolidis, N. M. (2016). Co-

benefits of addressing climate change can motivate action around the world. Nature Climate Change, 6, 154–157.
Beiser-Mcgrath, L. F., & Bernauer, T. (2019). Commitment failures are unlikely to undermine public support for the

Paris Agreement. Nature Climate Change, 9, 248–252.
Bellamy, R. (2018). Incentivize negative emissions responsibly. Nature Energy, 3, 532–534.
Bellamy, R., Lezaun, J., & Palmer, J. (2017). Public perceptions of geoengineering research governance: An experimen-

tal deliberative approach. Global Environmental Change, 45, 194–202.
Bellamy, R., Lezaun, J., & Palmer, J. (2019). Perceptions of bioenergy with carbon capture and storage in different pol-

icy scenarios. Nature Communications, 10, 743. doi:10.1038/s41467-019-08592-5
Bice, S., & Moffat, K. (2014). Social licence to operate and impact assessment. Impact Assessment and Project Appraisal,

32, 257–262.
Bolsen, T., & Shapiro, M. A. (2017). The US news media, polarization on climate change, and pathways to effective

communication. Environmental Communication, 12, 149–163.
Braun, C., Merk, C., Pönitzsch, G., Rehdanz, K., & Schmidt, U. (2018). Public perception of climate engineering and

carbon capture and storage in Germany: Survey evidence. Climate Policy, 18, 471–484.
Brulle, R. J. (2018). The climate lobby: A sectoral analysis of lobbying spending on climate change in the USA, 2000 to

2016. Climatic Change, 149, 289–303.
Buck, H. J. (2018). The politics of negative emissions technologies and decarbonization in rural communities. Global

Sustainability, 1, e2. doi:10.1017/sus.2018.2
Burke, P. J., Best, R., & Jotzo, F. (2019). Closures of coal-fired power stations in Australia: Local unemployment effects.

Australian Journal of Agricultural and Resource Economics, 63, 142–165.
Burton, I. (1994). Deconstructing adaptation… and reconstructing. Delta, 5, 14–15.
Campbell-Arvai, V., Hart, P. S., Raimi, K. T., & Wolske, K. S. (2017). The influence of learning about carbon dioxide

removal (CDR) on support for mitigation policies. Climatic Change, 143, 321–336.
Carmichael, J. T., & Brulle, R. J. (2017). Elite cues, media coverage, and public concern: An integrated path analysis of

public opinion on climate change, 2001–2013. Environmental Politics, 26, 232–252.
Carvalho, A. (2007). Ideological cultures and media discourses on scientific knowledge: Re-reading news on climate

change. Public Understanding of Science, 16, 223–243.
Chapman, D. A., Lickel, B., & Markowitz, E. M. (2017). Reassessing emotion in climate change communication.

Nature Climate Change, 7, 850–852.
Colvin, R. M., Witt, G. B., & Lacey, J. (2015). The social identity approach to understanding socio-political conflict in

environmental and natural resources management. Global Environmental Change, 34, 237–246.
Colvin, R. M., Witt, G. B., & Lacey, J. (2016). How wind became a four-letter word: Lessons for community engage-

ment from a wind energy conflict in King Island, Australia. Energy Policy, 98, 483–494.
Corner, A., & Pidgeon, N. (2014). Geoengineering, climate change scepticism and the ‘moral hazard’ argument: An

experimental study of UK public perceptions. Philosophical Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 372, 20140063. doi:10.1098/rsta.2014.0063

Corner, A., & Pidgeon, N. (2015). Like artificial trees? The effect of framing by natural analogy on public perceptions of
geoengineering. Climatic Change, 130, 425–438.

10 R. M. COLVIN ET AL.

http://orcid.org/0000-0002-2011-5433
http://orcid.org/0000-0002-3816-564X
http://orcid.org/0000-0002-4762-2355
http://orcid.org/0000-0002-1559-1814
http://orcid.org/0000-0002-8345-5435
http://orcid.org/0000-0001-9674-6488
http://orcid.org/0000-0002-0386-9671
http://orcid.org/0000-0002-2856-847X
http://orcid.org/0000-0002-4266-2569
http://orcid.org/0000-0002-1721-0827
https://doi.org/10.1038/srep20281
https://doi.org/10.1038/s41467-019-08592-5
https://doi.org/10.1017/sus.2018.2
https://doi.org/10.1098/rsta.2014.0063


Davis, N. T., & Dunaway, J. L. (2016). Party polarization, media choice, and mass partisan-ideological sorting. Public
Opinion Quarterly, 80, 272–297.

Downie, C. (2017). Business actors, political resistance, and strategies for policymakers. Energy Policy, 108, 583–592.
Downie, C. (2019). Business battles in the US energy sector: Lessons for a clean energy transition. London: Routledge.
Druckman, J. N., Fein, J., & Leeper, T. J. (2012). A source of bias in public opinion stability. American Political Science

Review, 106, 430–454.
Druckman, J. N., & Mcgrath, M. C. (2019). The evidence for motivated reasoning in climate change preference for-

mation. Nature Climate Change, 9, 111–119.
Ecker, U. K. H., Lewandowsky, S., Swire, B., & Chang, D. (2011). Correcting false information in memory:

Manipulating the strength of misinformation encoding and its retraction. Psychonomic Bulletin & Review, 18,
570–578.

Egan, P. J., & Mullin, M. (2017). Climate change: US public opinion. Annual Review of Political Science, 20, 209–227.
ETC Group and Heinrich Böll Foundation. (2017, October). Riding the GeoStorm - A briefing from civil society on

Geoengineering Governance. 2017. ETC Group and Heinrich Böll Foundation. Retrieved from https://www.boell.
de/sites/default/files/etc_hbf_geoeng_govern_usletter_sept2017_v4_1.pdf?dimension1=ds_geoengineering

Fairbrother, M. (2016). Geoengineering, moral hazard, and trust in climate science: Evidence from a survey experiment
in Britain. Climatic Change, 139, 477–489.

Field, C. B., & Mach, K. J. (2017). Rightsizing carbon dioxide removal. Science, 356, 706–707.
Fielding, K. S., & Hornsey, M. J. (2016). A social identity analysis of climate change and environmental attitudes and

behaviors: Insights and opportunities. Frontiers in Psychology, 7, 121.
Fuss, S., Canadell, J. G., Peters, G. P., Tavoni, M., Andrew, R. M., Ciais, P.,… Yamagata, Y. (2014). Betting on negative

emissions. Nature Climate Change, 4, 850–853.
Fuss, S., Lamb,W. F., Callaghan, M.W., Hilaire, J., Creutzig, F., Amann, T.,…Minx, J. C. (2018). Negative emissions—

Part 2: Costs, potentials and side effects. Environmental Research Letters, 13, 063002. doi:10.1088/1748-9326/aabf9f
Galaz, V. (2012). Geo-engineering, governance, and social-ecological systems: Critical issues and joint research needs.

Ecology and Society, 17, 24. doi:10.5751/ES-04677-170124
Gardiner, S. M. (2013). Why geoengineering is not a ‘global public good’, and why it is ethically misleading to frame it

as one. Climatic Change, 121, 513–525.
Garrett, R. K., & Stroud, N. J. (2014). Partisan paths to exposure diversity: Differences in pro- and counterattitudinal

news consumption. Journal of Communication, 64, 680–701.
Gifford, R., & Comeau, L. A. (2011). Message framing influences perceived climate change competence, engagement,

and behavioral intentions. Global Environmental Change, 21, 1301–1307.
Guess, A., & Coppock, A. (2018). Does counter-attitudinal information cause backlash? Results from three large survey

experiments. British Journal of Political Science. Advance online publication. doi:10.1017/S0007123418000327
Guess, A., Nyhan, B., Lyons, B., & Reifler, J. (2018). Avoiding the echo chamber about echo chambers: Why selective

exposure to like-minded political news is less prevalent than you think. Miami, FL: Knight Foundation.
Hansen, G. J., & Kim, H. (2011). Is the media biased against me? A meta-analysis of the hostile media effect research.

Communication Research Reports, 28, 169–179.
Hansen, J., Sato, M., Kharecha, P., Von Schuckmann, K., Beerling, D. J., Cao, J.,… Ruedy, R. (2016). Young people’s

burden: Requirement of negative CO2 emissions. Earth System Dynamics, 8, 577–616.
Heck, V., Gerten, D., Lucht, W., & Popp, A. (2018). Biomass-based negative emissions difficult to reconcile with pla-

netary boundaries. Nature Climate Change, 8, 151–155.
Heyward, C. (2013). Situating and abandoning geoengineering: A typology of five responses to dangerous climate

change. PS: Political Science & Politics, 46, 23–27.
Hmielowski, J. D., Feldman, L., Myers, T. A., Leiserowitz, A., & Maibach, E. (2014). An attack on science? Media use,

trust in scientists, and perceptions of global warming. Public Understanding of Science, 23, 866–883.
Hoffarth, M. R., & Hodson, G. (2016). Green on the outside, red on the inside: Perceived environmentalist threat as a

factor explaining political polarization of climate change. Journal of Environmental Psychology, 45, 40–49.
Honegger, M., & Reiner, D. (2017). The political economy of negative emissions technologies: Consequences for inter-

national policy design. Climate Policy, 18, 306–321.
Hornsey, M. J., & Fielding, K. S. (2016). A cautionary note about messages of hope: Focusing on progress in reducing

carbon emissions weakens mitigation motivation. Global Environmental Change, 39, 26–34.
Hornsey, M. J., Harris, E. A., & Fielding, K. S. (2018). Relationships among conspiratorial beliefs, conservatism and

climate scepticism across nations. Nature Climate Change, 8, 614–620.
Hubert, A.-M., Kruger, T., & Rayner, S. (2016). Geoengineering: Code of conduct for geoengineering. Nature, 537, 488.
IPCC. (2018). Global warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-

industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global
response to the threat of climate change, sustainable development, and efforts to eradicate poverty Retrieved from
https://www.ipcc.ch/sr15/

Kemp, L. (2017). Limiting the climate impact of the Trump administration. Palgrave Communications, 3, 9. doi:10.
1057/s41599-017-0003-6

ENVIRONMENTAL COMMUNICATION 11

https://www.boell.de/sites/default/files/etc_hbf_geoeng_govern_usletter_sept2017_v4_1.pdf?dimension1=ds_geoengineering
https://www.boell.de/sites/default/files/etc_hbf_geoeng_govern_usletter_sept2017_v4_1.pdf?dimension1=ds_geoengineering
https://doi.org/10.1088/1748-9326/aabf9f
https://doi.org/10.5751/ES-04677-170124
https://doi.org/10.1017/S0007123418000327
https://www.ipcc.ch/sr15/
https://doi.org/10.1057/s41599-017-0003-6
https://doi.org/10.1057/s41599-017-0003-6


King, G., Schneer, B., & White, A. (2017). How the news media activate public expression and influence national
agendas. Science, 358, 776–780.

Kintisch, A. (2010). Hack the planet: Science’s best hope - Or worst nightmare - For averting climate catastrophe.
Chicago, IL: Wiley.

Klein, N. (2014). This changes everything: Capitalism vs. the climate. New York: Simon & Schuster.
Klein, N. (2015, February 6). Why geoengineering is ‘untested and untestable’. The Nation. Retrieved from https://

www.thenation.com/article/why-geoengineering-untested-and-untestable/
Lacey, J., Carr-Cornish, S., Zhang, A., Eglinton, K., & Moffat, K. (2017). The art and science of community relations:

Procedural fairness at Newmont’s Waihi Gold operations, New Zealand. Resources Policy, 52, 245–254.
Lacey, J., Howden, S. M., Cvitanovic, C., & Dowd, A.-M. (2015). Informed adaptation: Ethical considerations for adap-

tation researchers and decision-makers. Global Environmental Change, 32, 200–210.
Lawford-Smith, H., & Currie, A. (2017). Accelerating the carbon cycle: The ethics of enhanced weathering. Biology

Letters, 13, 20160859. doi:10.1098/rsbl.2016.0859
Lenzi, D. (2018). The ethics of negative emissions. Global Sustainability, 1, e7. doi:10.1017/sus.2018.5
Lenzi, D., Lamb, W. F., Hilaire, J., Kowarsch, M., & Minx, J. C. (2018). Don’t deploy negative emissions technologies

without ethical analysis. Nature, 561, 303–305.
Lorenzoni, I., Nicholson-Cole, S., & Whitmarsh, L. (2007). Barriers perceived to engaging with climate change among

the UK public and their policy implications. Global Environmental Change, 17, 445–459.
McDonald, M. (2016). Bourdieu, environmental NGOs, and Australian climate politics. Environmental Politics, 25,

1058–1078.
Merk, C., Pönitzsch, G., & Rehdanz, K. (2018). Do climate engineering experts display moral-hazard behaviour?

Climate Policy, 19, 231–243.
Millard-Ball, A. (2012). The Tuvalu Syndrome: Can geoengineering solve climate’s collective action problem? Climatic

Change, 110, 1047–1066.
Minx, J. C., Lamb, W. F., Callaghan, M. W., Fuss, S., Hilaire, J., Creutzig, F.,…Dominguez, M. D. M. Z. (2018).

Negative emissions—Part 1: Research landscape and synthesis. Environmental Research Letters, 13, 063001.
doi:10.1088/1748-9326/aabf9b

Minx, J. C., Lamb, W. F., Callaghan, M. W., Bornmann, L., & Fuss, S. (2017). Fast growing research on negative emis-
sions. Environmental Research Letters, 12, 035007. doi:10.1088/1748-9326/aa5ee5

Moser, S. C. (2010). Communicating climate change: History, challenges, process and future directions. Wiley
Interdisciplinary Reviews: Climate Change, 1, 31–53.

Nemet, G. F., Callaghan, M. W., Creutzig, F., Fuss, S., Hartmann, J., Hilaire, J.,… Smith, P. (2018). Negative emissions
—Part 3: Innovation and upscaling. Environmental Research Letters, 13, 063003. doi:10.1088/1748-9326/aabff4

Nisbet, M. C. (2009). Communicating climate change: Why frames matter for public engagement. Environment:
Science and Policy for Sustainable Development, 51, 12–23.

Nisbet, M. C. (2018). Scientists in civic life: Facilitating dialogue-based communication. American Association for the
Advancement of Science. Retrieved from https://www.aaas.org/programs/dialogue-science-ethics-and-religion/
resources-engaging-scientists-project

Nogrady, B. (2017, May 5). Negative emissions tech: Can more trees, carbon capture or biochar solve our CO2 pro-
blem? The Guardian. Retrieved from https://www.theguardian.com/sustainable-business/2017/may/05/negative-
emissions-tech-can-more-trees-carbon-capture-or-biochar-solve-our-co2-problem

Oldmeadow, J. A., Platow, M. J., Foddy, M., & Anderson, D. (2003). Self-categorization, status, and social influence.
Social Psychology Quarterly, 66, 138–152.

O’Neill, S., & Nicholson-Cole, S. (2009). “Fear won’t do it”: Promoting positive engagement with climate change
through visual and iconic representations. Science Communication, 30, 355–379.

Ott, K. K. (2018). On the political economy of solar radiation management. Frontiers in Environmental Science, 6.
Pidgeon, N. F., Parkhill, K., Corner, A., & Vaughan, N. (2013). Deliberating stratospheric aerosols for climate geoen-

gineering and the SPICE project. Nature Climate Change, 3, 451–457.
Porter, E. (2017). To curb global warming, science fiction may become fact. The New York Times. Retrieved from

https://www.nytimes.com/2017/04/04/business/economy/geoengineering-climate-change.html?smid=tw-share
Rabinovich, A., Morton, T. A., & Birney, M. E. (2012). Communicating climate science: The role of perceived com-

municator’s motives. Journal of Environmental Psychology, 32, 11–18.
Rayner, S., Heyward, C., Kruger, T., Pidgeon, N., Redgwell, C., & Savulescu, J. (2013). The Oxford principles. Climatic

Change, 121, 499–512.
Redgwell, C. (2011). Geoengineering the climate: Technological solutions to mitigation – Failure or continuing carbon

Addiction?. Carbon & Climate Law Review, 5, 178–189.
Rogelj, J., Luderer, G., Pietzcker, R. C., Kriegler, E., Schaeffer, M., Krey, V., & Riahi, K. (2015). Energy system trans-

formations for limiting end-of-century warming to below 1.5 °C. Nature Climate Change, 5, 519–527.
Schmid-Petri, H. (2017). Do conservative media provide a forum for skeptical voices? The link between ideology and

the coverage of climate change in British, German, and Swiss newspapers. Environmental Communication, 11, 554–
567.

12 R. M. COLVIN ET AL.

https://www.thenation.com/article/why-geoengineering-untested-and-untestable/
https://www.thenation.com/article/why-geoengineering-untested-and-untestable/
https://doi.org/10.1098/rsbl.2016.0859
https://doi.org/10.1017/sus.2018.5
https://doi.org/10.1088/1748-9326/aabf9b
https://doi.org/10.1088/1748-9326/aa5ee5
https://doi.org/10.1088/1748-9326/aabff4
https://www.aaas.org/programs/dialogue-science-ethics-and-religion/resources-engaging-scientists-project
https://www.aaas.org/programs/dialogue-science-ethics-and-religion/resources-engaging-scientists-project
https://www.theguardian.com/sustainable-business/2017/may/05/negative-emissions-tech-can-more-trees-carbon-capture-or-biochar-solve-our-co2-problem
https://www.theguardian.com/sustainable-business/2017/may/05/negative-emissions-tech-can-more-trees-carbon-capture-or-biochar-solve-our-co2-problem
https://www.nytimes.com/2017/04/04/business/economy/geoengineering-climate-change.html?smid=tw-share


Sell, S. K., & Prakash, A. (2004). Using ideas strategically: The contest between business and NGO networks in intel-
lectual property rights. International Studies Quarterly, 48, 143–175.

Smith, E. K., & Mayer, A. (2019). Anomalous Anglophones? Contours of free market ideology, political polarization,
and climate change attitudes in English-speaking countries, Western European and post-Communist states.
Climatic Change, 152, 17–34.

Smith, P., Davis, S. J., Creutzig, F., Fuss, S., Minx, J., Gabrielle, B.,…Kriegler, E. (2016). Biophysical and economic
limits to negative CO2 emissions. Nature Climate Change, 6, 42–50.

Sovacool, B. K., & Dworkin, M. H. (2015). Energy justice: Conceptual insights and practical applications. Applied
Energy, 142, 435–444.

Spence, A., & Pidgeon, N. (2010). Framing and communicating climate change: The effects of distance and outcome
frame manipulations. Global Environmental Change, 20, 656–667.

Talberg, A., Christoff, P., Thomas, S., & Karoly, D. (2017). Geoengineering governance-by-default: An earth system
governance perspective. International Environmental Agreements: Politics, Law and Economics, 18, 229–253.

The New Climate Economy. (2018).Unlocking the inclusive growth Story of the 21st century: Accelerating climate action
in urgent times. Washington, DC: Author.

The Royal Society. (2009). Geoengineering the climate: Science, governance and uncertainty. London: Author.
United Nations Framework Convention on Climate Change. (2015). Adoption of the Paris Agreement FCCC/CP/2015/

L.9/Rev.1 [Online]. United Nations. Retrieved from https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf
Unsworth, K. L., & Fielding, K. S. (2014). It’s political: How the salience of one’s political identity changes climate

change beliefs and policy support. Global Environmental Change, 27, 131–137.
Virgoe, J. (2009). International governance of a possible geoengineering intervention to combat climate change.

Climatic Change, 95, 103–119.
Whitmarsh, L., & Corner, A. (2017). Tools for a new climate conversation: A mixed-methods study of language for

public engagement across the political spectrum. Global Environmental Change, 42, 122–135.
Williams, H. T. P., Mcmurray, J. R., Kurz, T., & Lambert, F. H. (2015). Network analysis reveals open forums and echo

chambers in social media discussions of climate change. Global Environmental Change, 32, 126–138.
Wood, T., & Porter, E. (2019). The elusive backfire effect: Mass attitudes’ steadfast factual adherence. Political Behavior,

41, 135–163.
Wright, M. J., Teagle, D. A. H., & Feetham, P. M. (2014). A quantitative evaluation of the public response to climate

engineering. Nature Climate Change, 4, 106–110.

ENVIRONMENTAL COMMUNICATION 13

https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf

	Abstract
	Climate change and negative emissions
	The fuzzy taxonomy of negative emissions
	The state of negative emissions: accelerating research and risk-based governance
	Tracking towards polarization: negative emissions is very different from solar radiation management
	Lessons from climate change for negative emissions
	Avoid ideological bundling
	Choose communication frames carefully
	Use non-partisan, trusted messengers
	Looking toward implementation

	Concluding remarks
	Note
	Disclosure statement
	ORCID
	References

