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A defense of usable climate mitigation science:

how science can contribute to social movements
Abstract1

Much of modern climate science is motivated by the problem of human-caused climate change or its2

potential solutions, and aims to be “usable” for relevant stakeholders. Sobel (2021) argues in this issue3

that the expectation for improved climate projections to drive mitigation of greenhouse gas emissions “can4

now be understood [as] naive about the role of politics, and the power of entrenched interests to inhibit5

climate action.” While he criticizes this “linear model” of the science–policy interface, he does not elaborate6

on alternative avenues for scientific advances to spur mitigation. Instead, he encourages physical climate7

scientists who wish to produce usable results to orient their work towards informing adaptation. He argues8

that, relative to mitigation science, adaptation science is more likely to be used by stakeholders because the9

remaining scientific uncertainties are larger and the social barriers to implementation are lower.10

We join Sobel in calling on physical climate scientists to reflect upon the pathways through which their11

research improves societal welfare. However, we argue that Sobel’s argument overlooks an important theory12

of change, namely that mitigation science is politically usable through the non-linear dynamics of social13

mobilization. Social theories of policy change suggest that organized groups play an outsized role in setting14

the policy agenda. Grassroots activism on climate, however, has historically been hindered by the abstract15

nature of climate change, paling in comparison to the lobbying and misinformation campaigns funded by16

the vested fossil fuel interests. We describe how two recent advances in mitigation science, the Transient17

Climate Response to cumulative Emissions (TCRE) and Extreme Event Attribution (EEA), have provided18

social movements with information that allows them to re-frame the climate change problem in a way that19

attributes blame for the problem, motivates collective action across a diverse coalition of stakeholders, and20

could plausibly compel policymakers to prioritize the issue in the coming years. Given the utmost importance21

of mitigation in preventing climate change at the source, we thus advocate for a broader agenda of usable22

climate research that includes co-production of both mitigation and adaptation science.23

1 Introduction: climate change, mitigation, and adaptation24

The political challenge of addressing climate change has prompted calls to rethink the relationship between25

science and public policy. The traditional “linear model”, in which scientific findings directly shape officials’26

decisions, has withered under the scorching heat of the global warming debate. In this issue, (Sobel, 2021) draws27

on this critique to argue that climate scientists seeking to produce usable findings should study adaptation rather28

than mitigation. In response, we contend that two recent advances demonstrate how scientific information can29

indeed be politically usable, even in the seemingly intractable realm of mitigation. We present a non-linear theory30

in which scientific information can strengthen social movements’ ability to mobilize political constituencies, who31

in turn can pressure governments to make climate change a priority1.32

1This non-linear perspective stands in contrast to Jasanoff (2021), who argues in this issue that youth climate activism is just

a reanimation of the “linear notion of the impact of knowledge on action”.

3
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To explain how political actors can use mitigation science to influence policy, we must briefly review the terms of33

the climate debate. The conventional narrative of anthropogenic climate change presents the worst-case scenario34

of fossil-fueled economic growth as a “business as usual” baseline, against which humans can intervene by reducing35

their emissions (“mitigation”) and trying to adapt to any residual climate impacts. The scientific evidence is clear36

that continued emissions disproportionately harm the poor, vulnerable, and marginalized (Field et al., 2014);37

to what extent this problem should be addressed with mitigation or adaptation—or not at all—however, is a38

value judgement. The conventional neoliberal framing inherently favors only marginal mitigation (Nordhaus,39

1992), with an implicit assumption that people will “optimally” adapt to the significant remaining impacts (e.g.40

de Bruin et al., 2009); by contrast, indigenous people’s right to self-determination instead sets mitigation as the41

appropriate baseline, whereas the externally-imposed “adaptation strategy will prove genocidal” (Tsosie, 2007).42

Virtually all national governments have now agreed that the climate impacts of conducting “business as usual”43

would be catastrophic and must be avoided. Concretely, they aim to limit global warming to well below 2 °C44

(hopefully 1.5 °C) above pre-industrial levels (United Nations Framework Convention on Climate Change, 2015),45

requiring net-zero emissions (full mitigation) by mid-century; we take these goals for granted throughout the46

article because we share these values. Problematically, both the actions and commitments of governments fall47

well short of these lofty goals, thus committing living and future generations to the catastrophic fallout of 2 °C48

to 4 °C of global warming2 (Hausfather and Peters, 2020a). While far from enough, the modest mitigation to49

date would certainly have been even less in a counterfactual world without any basic climate science—and is50

demonstrably less than in a world without any unilateral climate policies (Bayer and Aklin, 2020; Lepissier and51

Mildenberger, 2021).52

The failure of international climate negotiations and domestic policies to drive sufficient emissions reductions53

to date has caused some climate impacts to already emerge from the modest background of natural climate54

variations. Present and imminent impacts have motivated increasing interest in climate adaptation—and the55

adaptation-oriented climate science that supports it. We agree with Sobel (2021) that climate adaptation56

science is usable and necessary but not that it is the only usable climate science (the types of climate science57

and their usability are defined in detail in Section 3). Furthermore, evaluating adaptation science’s utility58

requires contending with the possibility that—despite these efforts—future adaptation fails as spectacularly as59

mitigation has in the past, including for political reasons, or that its benefits are unjustly distributed. Most60

importantly, we argue that it is irresponsible to abandon the pursuit of usable climate mitigation science precisely61

when it is needed most—when emissions appear to finally be peaking and when near-term policy decisions will62

determine whether emissions can fall sufficiently fast for climate goals to remain achievable.63

We specifically disagree with Sobel’s assertion that the failures of the “linear model”—the idea that further64

incremental advances in climate mitigation science will directly drive commensurate changes in climate policy65

(Jasanoff and Wynne 1998, Pielke Jr. 2007, Beck 2011)—imply that there is no model through which mitigation66

2Only slightly improved if the more ambitious commitments stated surrounding the COP26 summit are taken at face value

(Hausfather and Forster, 2021).
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science can influence climate policy. The core of our disagreement is exemplified by the caveats Sobel appends67

to his argument (emphasis ours):68

My argument here is that there is no productive avenue by which further advances in climate science69

can be incorporated in a dialog with those governments so as to influence mitigation policy in a70

pragmatic way—at least, not until the governments, particularly in the USA but not only there—71

change very substantially, and perhaps not even then.72

While science might not have the desired linear impact on policy, we should not ignore its role in non-linear73

theories of social mobilization and policymaking. In particular, we argue that mitigation science can motivate74

participation in the climate movement, pressuring politicians to prioritize the issue.75

2 Non-linear theories of social movements and policy-making76

Policy theories suggest an indirect relationship between scientific information and policy (Weible, 2008). Kingdon77

(1984) argues that a policy alternative is more likely to arise on the agenda when lawmakers perceive it to78

address a commonly understood problem and align with their electoral incentives. Researchers can “use science79

to indicate the seriousness and causes of a problem” as well as “legitimize ideas” for addressing it (Weible, 2008).80

For a policy to align with electoral incentives, Kingdon (1984) argues that public opinion or interest groups81

must favor the given alternative.82

Recent scholarship in the United States has challenged the notion that public opinion shapes policy, instead83

pointing to interest groups and politically active constituents as driving change (Gilens and Page, 2014). Repre-84

sentatives rely on interest groups and activists to signal policy problems that are salient to electorally influential85

constituencies and propose solutions (Henderson et al., 2021). These actors sometimes form social movements,86

which use tactics that rely on popular participation (Tilly, 1994) and can use scientific information to motivate87

such participation (Weible, 2008). For example, in the mid-2000s, the finding that open-loop liquefied natural88

gas terminals could impact fish populations inspired Gulf Coast fishing communities to pressure elected officials89

to oppose those projects (McAdam and Schaffer Boudet, 2012).90

Synthesizing the literature, McAdam (2017) describes three factors that together allow a movement to emerge.91

First, prospective adherents must perceive a political opportunity to enact their agenda, owing to sympathetic92

elites or receptive institutions (Lipsky, 1970; Meyer and Minkoff, 2004). Second, leaders must have access to93

resourced organizations to coordinate strategy and activate supporters (McCarthy and Zald, 1977). Third,94

collective action frames—the products of repackaging complex issues to highlight, attribute blame for, and95

propose solutions to problems (Snow and Benford, 1988)—allow activists to interpret their conditions in ways96

that motivate and facilitate collective action. Of these factors, climate science is most likely to be usable in97

contributing to framing processes.98

McAdam (2017) identifies four dimensions of climate discourse that have frustrated framing efforts (in the U.S.).99

5
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First, he contends that popular commentary tends to misleadingly portray climate change as affecting society in100

the distant future. Second, he argues that no identity group has claimed ownership of the issue—an argument101

belied by the concept of “frontline communities” and the recent upsurge of youth activism. Third, the distant102

prospect of climate impacts has failed to evoke the emotions (e.g., fear or anger) which motivate action. Fourth,103

communicators fail to connect extreme weather events to climate change, preventing “natural disasters” from104

catalyzing action. In Section 5 we discuss how usable climate mitigation science concepts—and especially the105

two concepts reviewed in Section 4—can help overcome each of these four framing obstacles and thus strengthen106

the global climate justice movement. First, however, we explain what we mean by “usable” “mitigation science”.107

3 Mitigation science, adaptation science, and usable climate science108

We focus on narrow definitions of both science and usability to clarify our differences with Sobel (2021) but109

recognize that science may have value for many other reasons. We also acknowledge that the western conceptu-110

alization of science described here, rooted in white colonialism (Mayorga et al. 2019, Liboiron 2021) and shaped111

by the persistent dominance of white male scientists (Ranganathan et al. 2021), is not the only valuable form112

of knowledge—see for example Callison’s 2021 comparison with indigenous knowing in this issue.113

Following Sobel (2021), we focus on the subset of climate science that falls under the Intergovernmental Panel114

on Climate Change’s Working Group I, i.e. the physical basis for climate change. We define mitigation science as115

the study of how climate change and its physical impacts vary with anthropogenic emissions, whereas adaptation116

science refers to the study of human-relevant climate impacts under a given climate change trajectory. Examples117

of recent advances in conventional mitigation science include the development of the newest generation of118

computerized climate models (Eyring et al., 2016) and of in-situ ocean observing platforms (e.g. Johnson et al.,119

2022). Examples of advances in adaptation science include the mapping of physical adaptability limits due120

to moist heat stress (Sherwood and Huber, 2010) and improved methods for computing and communicating121

forecasts of hurricane risk (Lin et al., 2020). Many climate impact studies could be reasonably classified as122

either mitigation or adaptation; here, we only discuss approaches that can be unambiguously categorized based123

on their underlying framing: is it about the impact of the climate on humans (adaptation) or of humans on the124

climate (mitigation)? For example, a study projecting changes in the frequency of heat waves by mid-century125

in a particular region would be classified as adaptation science, while a study attributing these same trends to126

anthropogenic emissions would instead be classified as mitigation science.127

Following Sobel, we define “usable” climate science as science which is both 1) “oriented towards decision-making”128

and 2) “contributes to societal welfare in a [...] causally discernable way”; crucially, we drop Sobel’s requirement129

that this causal relationship be “direct”. In other words, a particular advance in climate science is usable only130

if the process by which it influences policy is both intentional and effective.131

Most mitigation science, however, does not meet these usability conditions. As described by Sobel, for example,132

efforts to reduce uncertainty in Earth’s Equilibrium Climate Sensitivity are intended to better inform “optimal”133
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mitigation decisions (e.g. Hope, 2015; Sherwood et al., 2020), but have no effective causal pathway for driving134

policy change in our suboptimal reality (see Drake et al., 2021). Conversely, the possible collapse of the oceanic135

Atlantic Meridional Overturning Circulation due to global warming (the quintessential climate “tipping point”;136

Rahmstorf 1995) has been effectively used to build support for more ambitious climate action among both the137

public and academics (Broecker, 1987; Cai et al., 2015; Leiserowitz, 2004; Lenton et al., 2019), but took several138

decades to evolve from its original intended uses in physical oceanography (Stommel, 1961) and paleoclimatology139

(Rooth, 1982). While both of these advances are impressive contributions to climate science, the relatively rapid140

rise to prominence of the following concepts suggest that new scientific results are more likely to be effectively141

used if the intended use pathways that motivate them are well-developed and explicitly stated.142

4 Recent examples of usable advances in mitigation science143

Example A: The Transient Climate Response to cumulative CO2 Emissions (TCRE)144

Early global climate negotiations aimed to stabilize atmospheric CO2 concentrations (UNFCCC; Wigley et al.145

1996); however, no target concentration was ever decided upon and thus no emissions constraints were ever146

imposed (Matthews et al., 2012). Even if a target concentration were decided (e.g. 350 ppm; Hansen et al.147

2008 and 350.org), “stabiliz[ing] greenhouse gas concentrations” would not stabilize global climate, which would148

continue to evolve for centuries (Figure 1b,c, dashed lines; Matthews et al. 2012).149

The alternative framing of stabilizing global warming below a fixed temperature threshold eventually gained150

favor (see Randalls’s 2010 historical account on the 2 ◦C goal) because temperature is more closely related to151

both the fundamental issue of Earth’s energy imbalance and the prospect of dangerous climate impacts (many of152

which are thermally-driven, e.g. sea level rise, extreme heat waves, and rainfall). Warming depends on both the153

carbon response to emissions and the energetic (radiative and thermal) response to carbon, however, introducing154

additional geophysical complexity and uncertainty to the climate stabilization problem. Although the time-155

dependent dynamics of the carbon cycle and energy balance are independently complex, a remarkably simple156

empirical relation emerges when the two are combined (Figure 1b,c; Matthews and Caldeira 2008, Solomon et al.157

2009, Matthews et al. 2009): every additional ton of emitted CO2 increases peak global warming by the same158

fixed amount (Figure 1d). In their ground-breaking article in the scientific journal Geophysical Research Letters,159

Matthews and Caldeira (2008) explain the intended use of this basic research in their concluding sentence: “This160

means that avoiding future human-induced climate warming may require policies that seek not only to decrease161

CO2 emissions, but to eliminate them entirely”. Within just a few years of this discovery, many of the same162

authors re-packaged their scientific results into a novel framework to effectively guide international climate163

policy: the Transient Climate Response to cumulative CO2 Emissions (TCRE; Zickfeld et al. 2009, Matthews164

et al. 2012, Allen et al. 2009).165

Several implications of the TCRE have revolutionized climate thinking:166

1. it directly attributes global warming to cumulative emitters (Figure 1d), making it exceedingly clear that167
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burning known fossil fuel reserves would cause a catastrophic overshoot of temperature goals (McKibben,168

2012; Welsby et al., 2021);169

2. coupled with a temperature goal, it implies a “Remaining Carbon Budget” (RCB; Figure 1d);170

3. elementary geometry allows the RCB to be translated into a zero-emission-year (Figure 1a).171

For example, consider a goal of having a 2/3 chance of limiting global warming to 1.5 °C or less, relative to172

preindustrial levels. Since we are already at roughly 1.2 °C of warming, the TCRE implies a RCB of only173

510 GtCO2e (Figure 1d). If emissions decrease linearly from the present rate of E0 = 35 GtCO2 per year174

(Hausfather and Peters, 2020b), then this RCB implies that we have only roughly ∆t = 2RCB/E0 = 28 years–175

or until about 2050– to reach zero emissions (Figure 1a). Running these TCRE-inferred emissions back through176

a simple climate model, we indeed find that warming peaks and stabilizes just below 1.5 °C (Figure 1a).177

It would only take a few more years after the framework’s conception for it to be ingrained in the popular con-178

sciousness as “Global Warming’s Terrifying New Math” (McKibben, 2012) and formalized via an internationally-179

agreed commitment to limit warming by reaching net-zero “greenhouse gases in the second half of this century”180

(United Nations Framework Convention on Climate Change, 2015).181

Example B: Extreme Event Attribution (EEA)182

While the TCRE framework attributes global-average warming directly to emitters, it represents only the first183

step in attributing blame for localized climate impact events, i.e. “end-to-end” attribution (Stone and Allen,184

2005). In Allen (2003)’s groundbreaking and provocative article, he proposes a methodology for attributing185

a fraction of a specific climate change risk to greenhouse gas emitters. The method estimates changes in the186

likelihood-weighted risk of a class of extreme events (or a single event), based on either climate model simulations187

(with and without emissions) or observed changes (relative to an earlier period, implicitly attributing any188

differences to anthropogenic emissions). For example, Stott et al. (2004) apply the method in the wake of the189

2003 European summer heat wave that killed tens of thousands; they estimate that by the 1990s, anthropogenic190

emissions had at least doubled the likelihood of similarly strong Europe-wide heat waves. Since then, many191

more EEA analyses have been conducted using a variety of frameworks and statistical methods for a variety of192

different types of impact events3 (see Otto 2017, Naveau et al. 2020, and annual EEA reports from the Bulletin of193

the American Meteorological Society, e.g. Peterson et al. 2012). There are various equally-valid EEA approaches194

(Mann et al., 2017; Otto, 2017; Shepherd, 2016)—the best approach for a given problem depends on the type195

of event and the framing of the question (Stott et al., 2017).196

To date, EEA has not yet4 been successfully used to demonstrate emitters’ liability in a court of law (Lloyd197

3There remain some concerns about the correctness of the statistical methods underpinning several studies, but corrections have

also been proposed (Bellprat et al., 2019; Sippel et al., 2015). Sippel et al. (2015) emphasizes that these corrections generally affect

the magnitude of the effect but not its sign; e.g. the finding that anthropogenic global warming exacerbates heat waves still holds.
4Schiermeier (2021) argues that we may now finally be at an inflection point for climate suits, but conclude with the warning

that “winning a lawsuit is one thing; getting rid of fossil fuels is another”.
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Figure 1: Carbon (b) and temperature (c) response to stylized CO2e emissions scenarios (a). Despite the seemingly

complicated temporal dynamics of climate changes in the moderate emissions scenario (red), the global warming response

is a quasi-linear function of cumulative emissions (d)– the slope of which is the TCRE. Relative to present-day, this simple

empirical relationship allows a temperature goal (e.g. 1.5 °C) to be translated into a Remaining Carbon Budget (RCB).

Assuming emissions decrease linearly from present day E0 to zero over ∆t years, elementary geometry shows that the

RCB directly specifies ∆t (area of blue shaded triangle in panel a). The simple climate model used here combines CO2

impulse response functions (Jöös et al., 2013) with a two-box energy balance model (Geoffroy et al., 2012); the climate

feedback parameter is sampled according to the 2/3 quantile of climate sensitivities, the empirical distribution of which

reflects improved climate feedback process knowledge (Sherwood et al., 2020). Historical emissions are from the Global

Carbon Project (Friedlingstein et al., 2020) for CO2. For simplicity, all non-CO2 climate forcings are represented in

terms of CO2 equivalents (CO2e) and assumed to roughly cancel out in the historical record—see Damon Matthews et al.

(2021) for more accurate TCRE and RCB calculations.
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et al., 2021) as originally intended by Allen (2003). However, EEA has succeeded in the ‘court of public198

opinion’, where it legitimizes popular claims attributing perceived increases in extreme events to anthropogenic199

climate change. The popular use of EEA science to support calls for mitigation is not a distortion by the media200

or activists—these groups are using the peer-reviewed science exactly as the scientists intended. The World201

Weather Attribution project team, for example, explicitly acknowledges that a key use of their research is to202

“increas[e] the ‘immediacy’ of climate change, thereby increasing support for mitigation” (van Oldenborgh et al.,203

2021).204

5 Are we are on the brink of a pronounced global climate movement?205

We now describe how these intentional developments in usable mitigation science have addressed each of206

McAdam’s (2017) framing barriers, enabling activists to more effectively use climate science to strengthen207

the movement for global climate action and justice.208

First, the TCRE has shortened the crisis’ time horizon. The IPCC’s (2018) projections have inspired a rallying209

cry among advocates, who often allude to the 2030 benchmark with the claim that “we have [X] years” to210

dramatically reduce emissions. Activists’ ability to communicate the decarbonization required within a certain211

time frame to meet a global temperature goal gives policymakers a clear mandate for action.212

Second, this shortened time horizon has contributed to a collective identity among a diverse coalition of young213

people (Nakate, 2021; Prakash and Girgenti, 2020). For example, the Sunrise Movement, invoking the IPCC’s214

(2018) report, says inaction “will be a death sentence for our generation.” Sunrise has exploded into the American215

consciousness since its 2018 sit-in in Rep. Nancy Pelosi’s office, becoming the standard bearer for younger216

generations in the climate struggle. Sunrise has established over 400 grassroots groups across the country, and217

features regularly in policy debates. During just one week in 2019, teenage activist Greta Thunberg inspired218

6 million people to take part in youth-led climate protests and strikes across the globe, including 5,000 in219

South Africa, 10,000 in Turkey and 30,000 in Chile (Barclay and Resnick, 2019; Penalver, 2019; Taylor et al.,220

2019). The growing youth climate movement now features prominently in policy debates, including the recent221

negotiations in the U.S. Congress over the Biden administration’s budget proposal (Phillips, 2021). Although222

the Senate has to date come up one vote short of passing the Build Back Better Act, the bill’s climate-related223

spending proved uniquely resilient as legislative bargaining whittled down the overall package (Prokop, 2021).224

Third, the TCRE has attributed responsibility for climate change, evoking powerful emotions within potential225

activists. Drawing on the carbon budget concept, 350.org states that “the vast majority of fossil fuel reserves226

need to stay in the ground for us to stay below 1.5 degrees C.” This attribution generates anger at governments227

and corporations responsible for emissions, and hope that we can address the crisis by holding these institutions228

accountable. The slogan “Keep it in the ground” has inspired mobilization across the Global North, from pipeline229

protests in North America to coal mine protests and occupations in Australia, Germany and Poland (Chernov230

and Jordans, 2020). These actions have increased the electoral costs that officials suffer from approving fossil231
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fuel projects. For instance, upon assuming office President Biden quickly revoked the permit for the Keystone232

XL pipeline, which had been delayed after years of protests sparked by a sit-in at the White House and inspired233

by early and relentless opposition from Indigenous rights groups (Arvin, 2021; Gilio-Whitaker, 2019). Dis-234

aggregated equitably across the globe, TCRE-based cumulative carbon budgets also imply that industrialized235

countries, such as the U.S., China, and much of Europe, would already exceed their 2 ◦C quotas based on the236

emissions committed by infrastructure alone (Raupach et al., 2014), supporting activist calls on wealthy nations237

to retire fossil fuel infrastructure early (e.g. https://fossilfueltreaty.org/; Newell and Simms 2020).238

Finally, impact studies have helped communicate climate change’s human costs. “The difference between 1.5 ◦C239

and 2 ◦C of global temperature rise could mean well over 10 million more migrants from sea-level rise,” warns 350.240

org (citing the IPCC Special Report on 1.5 ◦C). EEA demonstrates that human-caused climate change is already241

having serious consequences, especially for communities on the front lines of the crisis. Various organizations242

now publish estimates of how much more likely and intense extreme weather events were due to global warming243

(Achenbach, 2017; Otto et al., 2018). These estimates are another arrow in frontline communities’ rhetorical244

quiver, potentially building on vibrant environmental justice movements within and across the Global South245

and North (Bullard, 2005; Keck and Sikkink, 1998; Martinez-Alier et al., 2016).246

Research documenting EEA’s effects on climate attitudes, at this early stage, suggests two pathways through247

which EEA could increase participation in the movement. First, it could mobilize individuals to act. Scientific248

evidence “connecting the dots” between extreme weather events and climate change, as 350.org puts it, might249

reduce the psychological distance from the problem among people with strong place attachments. Experimental250

evidence from California suggests that news articles attributing extreme weather events to climate change can251

increase support for adaptation (Halperin and Walton, 2018). However, other work casts doubt on EEA’s252

reception even among policymakers, reflecting unfamiliarity with the method (Osaka and Bellamy, 2020).253

EEA’s more powerful impact—and, in our view, its more likely one—would be to galvanize the climate justice254

movement on a collective scale. Prior research finds that EEA affects those who are concerned but not yet255

alarmed about climate change, nudging them toward a higher level of policy support (Halperin and Walton,256

2018). While movements can convert and even mobilize their skeptics, that process requires deep interpersonal257

relationships in addition to an effective message (Munson, 2008); the “concerned” public therefore represents258

a more ready constituency. As the concerned public already knows that climate change exacerbates extreme259

weather, we doubt that greater awareness at the individual level accounts for their increased support. As260

Mildenberger and Tingley (2017) demonstrate, political behavior on climate change hinges not only on personal261

attitudes but also on perceptions of others’ beliefs. Therefore, popular enthusiasm for climate policy may262

increase with the knowledge that a new kind of scientific information could strengthen claims to public officials263

that such measures could make a difference to their constituents. As we have seen, this collective feeling of264

efficacy is an integral ingredient of a social movement (McAdam and Schaffer Boudet, 2012).265

To draw an analogy from the environmental justice movement’s founding, Bullard (1983)’s groundbreaking study266

showing that waste disposal sites were disproportionately located in black communities confirmed community267
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members’ preexisting beliefs (McKeever Bullard and Cole, 1994). When Houston homeowners declared their268

opposition to a proposed landfill in 1979 on grounds of environmental racism, their lived experiences had already269

demonstrated to them the ways in which people of color were excluded from decision-making and targeted with270

polluting facilities. Yet Bullard’s study nonetheless sparked a global movement, as it provided a blueprint for a271

message that resonated not only with marginalized communities but with allies in government and the broader272

public (Martinez-Alier et al., 2016). The possibility that frontline communities could similarly draw on EEA to273

advocate for policies to increase their resilience merits serious examination.274

Of course, a movement’s strategic capacity (Ganz, 2009) and context (Amenta et al., 2010) mediate between275

mobilization and policy enactment. Still, scholars generally agree that activism can shape the political agenda276

(Baumgartner and Mahoney, 2005; King et al., 2005; Olzak and Soule, 2009). For instance, the two American277

parties largely kept slavery off the agenda until the abolitionist movement entered electoral politics (Sundquist,278

1983). While understanding movements’ effects on policy is methodologically challenging (Giugni et al 1999;279

Amenta et al 2010), recent causal inference offers evidence that protest can influence lawmakers’ actions, such280

as their public positions and legislative votes (Madestam et al., 2013; Wouters and Walgrave, 2017).281

6 Looking forward: how can we make mitigation science more usable?282

While the non-linearity of the science–policy relationship may have impeded climate action in the past, it also283

provides an opportunity for the rapid change required in the near future. Baumgartner and Jones (1993) show284

that rather than changing incrementally, as some have argued (Lindblom, 1959), public policy demonstrates285

long periods of stability punctuated by marked change. When political actors alter a policy’s image, government286

officials “overcompensate for previous neglect of information” and respond by establishing policy venues that287

invite new actors into the debate (Baumgartner and Jones, 1993; Weible, 2008). As established images and288

venues create substantial inertia, shifts in images or venues can produce radical policy changes, which can289

become the new equilibrium if they benefit supporters and weaken opponents (Patashnik, 2008). One “theory290

of change”, then, is for mitigation scientists to pursue research questions intended to trigger these climate policy291

tipping points. We thus encourage further research on usable mitigation science, including the TCRE and EEA292

frameworks, but also on more usable re-packaging of complex earth system dynamics such as the risk of climate293

“surprises” (Schneider, 2004).294

Climate scientists often shy away from explicitly advocating for anything—let alone specific climate policies—295

out of a misplaced fear of losing their “objectivity” and thereby their scientific credibility5 (Schmidt, 2015). The296

result is a feigned objectivity, which obscures authors’ true intentions and ironically allows subjective values to297

propagate freely but unannounced. In the United States, for example, a small minority of elite “antigreenhouse”298

scientists—well-resourced by vested fossil fuel interests (Oreskes and Conway, 2011)—have deliberately misled299

the public with their non-peer-reviewed opinions and otherwise undermined the democratic policy negotiation300

5This, on top of the very real fear of being attacked by opponents of climate action (e.g. Mann, 2012).
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process (Franta, 2021a,b; Lahsen, 2005). By contrast, the responsible approach is to acknowledge the boundaries301

between scientific analysis and advocacy (as well as any conflicts of interest). Following Lahsen (2005), we302

advocate for a democratized climate science, which engages with other forms of knowledge and value, and303

responsibly serves the public (as opposed to the self-interested elite), yet still benefits from the rigor of scientific304

conventions (e.g. axiomatic principles) and the scrutiny of a diverse set of peers (Oreskes, 2021).305

Community-driven and participatory models of climate mitigation science could be particularly promising av-306

enues for designing usable research in the future. Levine’s (2020) field experiment shows that practitioners307

are more likely to work with researchers if they believe the researchers will value practitioners’ knowledge and308

share information efficiently. Although presently focused on usable adaptation science projects, such as “map-309

ping heat vulnerability to protect community health” (McCarthy and Valdez, 2019), the American Geophysical310

Union’s (AGU) Thriving Earth Exchange program helps researchers, community leaders, and sponsors work311

together to solve local climate and environmental challenges. The AGU, in collaboration with the Citizen Sci-312

ence Association and other professional societies, also recently announced a web-portal for values-driven and313

co-designed community climate science, featuring both a traditional peer-reviewed academic journal and various314

other multi-media platforms (AGU, 2021). We encourage climate scientists interested in the democratization of315

climate science to embrace these new transdisciplinary platforms and funding streams while also learning from316

past experiences (e.g. the Future Earth program; Lahsen 2016).317

One corollary of our argument is that researchers could make their mitigation science more usable by specif-318

ically co-designing or co-producing it with climate activists. This does not necessarily involve a corruption319

of science—values are already present in science; activist-driven science just emphasizes a different set of320

values “than academic scientists would” (Ottinger, 2015). The Environmental Enforcement Watch project321

(https://environmentalenforcementwatch.org), for example, collaborates with partner organizations, such322

as the Sunrise Movement’s Boston hub, to democratize the Environmental Protection Agency’s Enforcement323

and Compliance History Online (ECHO) database through community oversight. We urge scientists to look be-324

yond their disciplines and learn how to build caring partnerships (see Coen, 2021) with organizations effectively325

advocating for evidence-based policies (Gardner et al., 2021).326

7 Acknowledgments327

We would like to acknowledge helpful comments from Adam Sobel, Deborah Coen, Lyssa Freese, Talbot An-328

drews, Patrick Cage, Patrick Hunnicutt, Rajkamal Singh, Kristina Rohrer, Edgar McGregor, Mara Freilich, and329

two anonymous reviewers.330

13
13            

https://environmentalenforcementwatch.org


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

References331

Joel Achenbach. Global warming boosted hurricane harvey’s rainfall by at least 15 percent, studies find.332

The Washington Post, 2017. URL https://www.washingtonpost.com/news/post-nation/wp/2017/12/13/333

global-warming-boosted-hurricane-harveys-rainfall-by-at-least-15-percent-studies-find/.334

AGU. Society partners to launch a portal for community science, 2021. URL https://fromtheprow.agu.org/335

society-partners-to-launch-a-portal-for-community-science/.336

Myles Allen. Liability for climate change. Nature, 421(6926):891–892, February 2003. ISSN 1476-4687. doi:337

10.1038/421891a. URL https://www.nature.com/articles/421891a. Bandiera_abtest: a Cg_type: Na-338

ture Research Journals Number: 6926 Primary_atype: Comments & Opinion Publisher: Nature Publishing339

Group.340

Myles R. Allen, David J. Frame, Chris Huntingford, Chris D. Jones, Jason A. Lowe, Malte Meinshausen,341

and Nicolai Meinshausen. Warming caused by cumulative carbon emissions towards the trillionth tonne.342

Nature, 458(7242):1163–1166, April 2009. ISSN 1476-4687. doi: 10.1038/nature08019. URL https://www.343

nature.com/articles/nature08019. Bandiera_abtest: a Cg_type: Nature Research Journals Number:344

7242 Primary_atype: Research Publisher: Nature Publishing Group.345

Edwin Amenta, Neal Caren, Elizabeth Chiarello, and Yang Su. The political consequences of social movements.346

Annual Review of Sociology, 36:287–307, 2010.347

Jariel Arvin. More than 20 republican-led states sue biden for canceling the keystone xl pipeline. Vox, 2021.348

URL https://www.vox.com/22306919/biden-keystone-xl-trudeau-oil-pipeline-climate-change.349

Eliza Barclay and Brian Resnick. How big was the global climate strike? 4 million people, activists350

estimate. Vox, 2019. URL https://www.vox.com/energy-and-environment/2019/9/20/20876143/351

climate-strike-2019-september-20-crowd-estimate.352

F R Baumgartner and C Mahoney. Social movements, the rise of new issues, and the public agenda. In D S353

Meyer, V Jenness, and H Ingram, editors, Routing the Opposition: Social Movements, Public Policy, and354

Democracy, pages 65–86. University of Minnesota Press, Minneapolis, 2005.355

Frank R Baumgartner and Bryan D Jones. Agendas and Instability in American Politics. University of Chicago356

Press, Chicago, 1993.357

Patrick Bayer and Michael Aklin. The european union emissions trading system reduced co2 emissions despite358

low prices. Proceedings of the National Academy of Sciences, 117(16):8804–8812, 2020.359

S Beck. Moving beyond the linear model of expertise? ipcc and the test of adaptation. Reg Environ Change,360

11:297–306, 2011.361

14
14            

https://www.washingtonpost.com/news/post-nation/wp/2017/12/13/global-warming-boosted-hurricane-harveys-rainfall-by-at-least-15-percent-studies-find/
https://www.washingtonpost.com/news/post-nation/wp/2017/12/13/global-warming-boosted-hurricane-harveys-rainfall-by-at-least-15-percent-studies-find/
https://www.washingtonpost.com/news/post-nation/wp/2017/12/13/global-warming-boosted-hurricane-harveys-rainfall-by-at-least-15-percent-studies-find/
https://fromtheprow.agu.org/society-partners-to-launch-a-portal-for-community-science/
https://fromtheprow.agu.org/society-partners-to-launch-a-portal-for-community-science/
https://fromtheprow.agu.org/society-partners-to-launch-a-portal-for-community-science/
https://www.nature.com/articles/421891a
https://www.nature.com/articles/nature08019
https://www.nature.com/articles/nature08019
https://www.nature.com/articles/nature08019
https://www.vox.com/22306919/biden-keystone-xl-trudeau-oil-pipeline-climate-change
https://www.vox.com/energy-and-environment/2019/9/20/20876143/climate-strike-2019-september-20-crowd-estimate
https://www.vox.com/energy-and-environment/2019/9/20/20876143/climate-strike-2019-september-20-crowd-estimate
https://www.vox.com/energy-and-environment/2019/9/20/20876143/climate-strike-2019-september-20-crowd-estimate


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

Omar Bellprat, Virginie Guemas, Francisco Doblas-Reyes, and Markus G. Donat. Towards reliable extreme362

weather and climate event attribution. Nature Communications, 10(1):1732, April 2019. ISSN 2041-363

1723. doi: 10.1038/s41467-019-09729-2. URL https://www.nature.com/articles/s41467-019-09729-2.364

Bandiera_abtest: a Cc_license_type: cc_by Cg_type: Nature Research Journals Number: 1 Pri-365

mary_atype: Research Publisher: Nature Publishing Group Subject_term: Attribution;Projection and pre-366

diction Subject_term_id: attribution;projection-and-prediction.367

J. Bezanson, A. Edelman, S. Karpinski, and V. Shah. Julia: A Fresh Approach to Numerical Computing. SIAM368

Review, 59(1):65–98, January 2017. ISSN 0036-1445. doi: 10.1137/141000671. URL https://epubs.siam.369

org/doi/10.1137/141000671.370

Wallace S. Broecker. Unpleasant surprises in the greenhouse? Nature, 328(6126):123–126, July 1987. ISSN371

1476-4687. doi: 10.1038/328123a0. URL https://www.nature.com/articles/328123a0. Bandiera_abtest:372

a Cg_type: Nature Research Journals Number: 6126 Primary_atype: Comments & Opinion Publisher:373

Nature Publishing Group.374

Robert D Bullard. Solid waste sites and the black houston community. Sociological Inquiry, 53(2-3):273–288,375

1983.376

Robert D Bullard. Environmental justice in the twenty-first century. In Robert D Bullard, editor, The Quest377

for Environmental Justice: Human Rights and the Politics of Pollution, chapter 1, pages 19–42. Sierra Club378

Books, San Francisco, 2005.379

Yongyang Cai, Kenneth L. Judd, Timothy M. Lenton, Thomas S. Lontzek, and Daiju Narita. Environ-380

mental tipping points significantly affect the cost-benefit assessment of climate policies. Proceedings of381

the National Academy of Sciences, 112(15):4606–4611, April 2015. ISSN 0027-8424, 1091-6490. doi:382

10.1073/pnas.1503890112. URL https://www.pnas.org/content/112/15/4606. ISBN: 9781503890114 Pub-383

lisher: National Academy of Sciences Section: Social Sciences.384

Candis Callison. Refusing more empire: utility, colonialism, and Indigenous knowing. Climatic Change, 167385

(3):58, August 2021. ISSN 1573-1480. doi: 10.1007/s10584-021-03188-9. URL https://doi.org/10.1007/386

s10584-021-03188-9.387

Mstyslav Chernov and Frank Jordans. Hundreds of anti-coal campaigners protest388

at german mine. AP News, 2020. URL https://apnews.com/article/389

europe-business-climate-environment-germany-14acb53ad43288f78ea5440a34f70656.390

Deborah R. Coen. A brief history of usable climate science. Climatic Change, 167(3):51, August 2021. ISSN391

1573-1480. doi: 10.1007/s10584-021-03181-2. URL https://doi.org/10.1007/s10584-021-03181-2.392

H. Damon Matthews, Katarzyna B. Tokarska, Joeri Rogelj, Christopher J. Smith, Andrew H. MacDougall,393

Karsten Haustein, Nadine Mengis, Sebastian Sippel, Piers M. Forster, and Reto Knutti. An integrated ap-394

proach to quantifying uncertainties in the remaining carbon budget. Communications Earth & Environment, 2395

15
15            

https://www.nature.com/articles/s41467-019-09729-2
https://epubs.siam.org/doi/10.1137/141000671
https://epubs.siam.org/doi/10.1137/141000671
https://epubs.siam.org/doi/10.1137/141000671
https://www.nature.com/articles/328123a0
https://www.pnas.org/content/112/15/4606
https://doi.org/10.1007/s10584-021-03188-9
https://doi.org/10.1007/s10584-021-03188-9
https://doi.org/10.1007/s10584-021-03188-9
https://apnews.com/article/europe-business-climate-environment-germany-14acb53ad43288f78ea5440a34f70656
https://apnews.com/article/europe-business-climate-environment-germany-14acb53ad43288f78ea5440a34f70656
https://apnews.com/article/europe-business-climate-environment-germany-14acb53ad43288f78ea5440a34f70656
https://doi.org/10.1007/s10584-021-03181-2


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

(1):1–11, January 2021. ISSN 2662-4435. doi: 10.1038/s43247-020-00064-9. URL https://www.nature.com/396

articles/s43247-020-00064-9. Bandiera_abtest: a Cc_license_type: cc_by Cg_type: Nature Research397

Journals Number: 1 Primary_atype: Research Publisher: Nature Publishing Group Subject_term: Climate-398

change mitigation;Projection and prediction Subject_term_id: climate-change-mitigation;projection-and-399

prediction.400

Kelly C. de Bruin, Rob B. Dellink, and Richard S. J. Tol. AD-DICE: an implementation of adaptation in the401

DICE model. Climatic Change, 95(1):63–81, July 2009. ISSN 1573-1480. doi: 10.1007/s10584-008-9535-5.402

URL https://doi.org/10.1007/s10584-008-9535-5.403

Henri Drake. ClimateMARGO/ClimatePlots: Initial submission to "Climatic Change", September 2021. URL404

https://zenodo.org/record/5503873.405

Henri F. Drake, Ronald L Rivest, Alan Edelman, and John M Deutch. A simple model for assessing climate406

control trade-offs and responding to unanticipated climate outcomes. Environmental Research Letters, 2021.407

ISSN 1748-9326. doi: 10.1088/1748-9326/ac243e. URL http://iopscience.iop.org/article/10.1088/408

1748-9326/ac243e.409

Veronika Eyring, Sandrine Bony, Gerald A. Meehl, Catherine A. Senior, Bjorn Stevens, Ronald J. Stouffer, and410

Karl E. Taylor. Overview of the Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental411

design and organization. Geoscientific Model Development, 9(5):1937–1958, May 2016. ISSN 1991-959X.412

doi: 10.5194/gmd-9-1937-2016. URL https://gmd.copernicus.org/articles/9/1937/2016/. Publisher:413

Copernicus GmbH.414

Christopher B Field, Vicente R Barros, Michael D Mastrandrea, Katharine J Mach, MA-K Abdrabo, N Adger,415

Yury A Anokhin, Oleg A Anisimov, Douglas J Arent, Jonathon Barnett, et al. Summary for policymakers. In416

Climate change 2014: impacts, adaptation, and vulnerability. Part A: global and sectoral aspects. Contribution417

of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, pages418

1–32. Cambridge University Press, 2014.419

Benjamin Franta. Early oil industry disinformation on global warming. Environmental Politics, 30(4):663–420

668, June 2021a. ISSN 0964-4016. doi: 10.1080/09644016.2020.1863703. URL https://doi.org/10.1080/421

09644016.2020.1863703. Publisher: Routledge _eprint: https://doi.org/10.1080/09644016.2020.1863703.422

Benjamin Franta. Weaponizing economics: Big Oil, economic consultants, and climate policy de-423

lay. Environmental Politics, 0(0):1–21, August 2021b. ISSN 0964-4016. doi: 10.1080/09644016.2021.424

1947636. URL https://doi.org/10.1080/09644016.2021.1947636. Publisher: Routledge _eprint:425

https://doi.org/10.1080/09644016.2021.1947636.426

Pierre Friedlingstein, Michael O’Sullivan, Matthew W. Jones, Robbie M. Andrew, Judith Hauck, Are Olsen,427

Glen P. Peters, Wouter Peters, Julia Pongratz, Stephen Sitch, Corinne Le Quéré, Josep G. Canadell, Philippe428

Ciais, Robert B. Jackson, Simone Alin, Luiz E. O. C. Aragão, Almut Arneth, Vivek Arora, Nicholas R. Bates,429

16
16            

https://www.nature.com/articles/s43247-020-00064-9
https://www.nature.com/articles/s43247-020-00064-9
https://www.nature.com/articles/s43247-020-00064-9
https://doi.org/10.1007/s10584-008-9535-5
https://zenodo.org/record/5503873
http://iopscience.iop.org/article/10.1088/1748-9326/ac243e
http://iopscience.iop.org/article/10.1088/1748-9326/ac243e
http://iopscience.iop.org/article/10.1088/1748-9326/ac243e
https://gmd.copernicus.org/articles/9/1937/2016/
https://doi.org/10.1080/09644016.2020.1863703
https://doi.org/10.1080/09644016.2020.1863703
https://doi.org/10.1080/09644016.2020.1863703
https://doi.org/10.1080/09644016.2021.1947636


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

Meike Becker, Alice Benoit-Cattin, Henry C. Bittig, Laurent Bopp, Selma Bultan, Naveen Chandra, Frédéric430

Chevallier, Louise P. Chini, Wiley Evans, Liesbeth Florentie, Piers M. Forster, Thomas Gasser, Marion431

Gehlen, Dennis Gilfillan, Thanos Gkritzalis, Luke Gregor, Nicolas Gruber, Ian Harris, Kerstin Hartung,432

Vanessa Haverd, Richard A. Houghton, Tatiana Ilyina, Atul K. Jain, Emilie Joetzjer, Koji Kadono, Etsushi433

Kato, Vassilis Kitidis, Jan Ivar Korsbakken, Peter Landschützer, Nathalie Lefèvre, Andrew Lenton, Sebastian434

Lienert, Zhu Liu, Danica Lombardozzi, Gregg Marland, Nicolas Metzl, David R. Munro, Julia E. M. S. Nabel,435

Shin-Ichiro Nakaoka, Yosuke Niwa, Kevin O’Brien, Tsuneo Ono, Paul I. Palmer, Denis Pierrot, Benjamin436

Poulter, Laure Resplandy, Eddy Robertson, Christian Rödenbeck, Jörg Schwinger, Roland Séférian, Ingunn437

Skjelvan, Adam J. P. Smith, Adrienne J. Sutton, Toste Tanhua, Pieter P. Tans, Hanqin Tian, Bronte Tilbrook,438

Guido van der Werf, Nicolas Vuichard, Anthony P. Walker, Rik Wanninkhof, Andrew J. Watson, David Willis,439

Andrew J. Wiltshire, Wenping Yuan, Xu Yue, and Sönke Zaehle. Global Carbon Budget 2020. Earth System440

Science Data, 12(4):3269–3340, December 2020. ISSN 1866-3508. doi: 10.5194/essd-12-3269-2020. URL441

https://essd.copernicus.org/articles/12/3269/2020/. Publisher: Copernicus GmbH.442

Marshall Ganz. Why David Sometimes Wins. Oxford University Press, Oxford, 2009.443

Charlie J. Gardner, Aaron Thierry, William Rowlandson, and Julia K. Steinberger. From Publications to444

Public Actions: The Role of Universities in Facilitating Academic Advocacy and Activism in the Climate445

and Ecological Emergency. Frontiers in Sustainability, 2:42, 2021. ISSN 2673-4524. doi: 10.3389/frsus.2021.446

679019. URL https://www.frontiersin.org/article/10.3389/frsus.2021.679019.447

O. Geoffroy, D. Saint-Martin, D. J. L. Olivié, A. Voldoire, G. Bellon, and S. Tytéca. Transient Climate Response448

in a Two-Layer Energy-Balance Model. Part I: Analytical Solution and Parameter Calibration Using CMIP5449

AOGCM Experiments. Journal of Climate, 26(6):1841–1857, September 2012. ISSN 0894-8755. doi: 10.450

1175/JCLI-D-12-00195.1. URL https://journals.ametsoc.org/doi/full/10.1175/JCLI-D-12-00195.1.451

Publisher: American Meteorological Society.452

Martin Gilens and Benjamin I Page. Testing theories of american politics: Elites, interest groups, and average453

citizens. Perspectives on Politics, 12(3):564–581, 2014.454

Dina Gilio-Whitaker. As long as grass grows: The Indigenous fight for environmental justice, from colonization455

to Standing Rock. Beacon Press, 2019.456

Abby Halperin and Peter Walton. The importance of place in communicating climate change to different facets457

of the american public. Weather, Climate, and Society, 10(2):291–305, 2018.458

James Hansen, Makiko Sato, Pushker Kharecha, David Beerling, Robert Berner, Valerie Masson-Delmotte,459

Mark Pagani, Maureen Raymo, Dana Royer, and J.C. Zachos. Target Atmospheric CO2: Where should460

Humanity Aim? The Open Atmospheric Science Journal, 2, May 2008. doi: 10.2174/1874282300802010217.461

Zeke Hausfather and Piers Forster. Analysis: Do COP26 promises keep global462

17
17            

https://essd.copernicus.org/articles/12/3269/2020/
https://www.frontiersin.org/article/10.3389/frsus.2021.679019
https://journals.ametsoc.org/doi/full/10.1175/JCLI-D-12-00195.1


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

warming below 2C?, November 2021. URL https://www.carbonbrief.org/463

analysis-do-cop26-promises-keep-global-warming-below-2c.464

Zeke Hausfather and Glen P. Peters. Emissions – the ‘business as usual’ story is misleading. Nature, 577(7792):465

618–620, January 2020a. doi: 10.1038/d41586-020-00177-3. URL https://www.nature.com/articles/466

d41586-020-00177-3. Number: 7792 Publisher: Nature Publishing Group.467

Zeke Hausfather and Glen P Peters. Emissions–the ’business as usual’ story is misleading. Nature, 2020b.468

Geoffrey Henderson, Alexander Hertel-Fernandez, Matto Mildenberger, and Leah C Stokes. Conducting the469

heavenly chorus: Constituent contact and provoked petitioning in congress. Perspectives on Politics, pages470

1–18, 2021.471

Chris Hope. The $10 trillion value of better information about the transient climate response. Philosophical472

Transactions. Series A, Mathematical, Physical, and Engineering Sciences, 373(2054), November 2015. ISSN473

1471-2962. doi: 10.1098/rsta.2014.0429.474

Intergovernmental Panel on Climate Change. Global warming of 1.5°C. 2018. URL http://www.ipcc.ch/475

report/sr15/. OCLC: 1056192590.476

S Jasanoff and B Wynne. Science and decisionmaking: human choice and climate change. In S Rayner, , and477

EL Malone, editors, Human choice and climate change 1: the societal framework, chapter 1, pages 1–87.478

Batelle Press, Columbus, 1998.479

Sheila Jasanoff. Knowledge for a just climate. Climatic Change, 169(3):36, December 2021. ISSN 1573-1480.480

doi: 10.1007/s10584-021-03275-x. URL https://doi.org/10.1007/s10584-021-03275-x.481

Gregory C. Johnson, Shigeki Hosoda, Steven R. Jayne, Peter R. Oke, Stephen C. Riser, Dean Roem-482

mich, Tohsio Suga, Virginie Thierry, Susan E. Wijffels, and Jianping Xu. Argo—Two Decades:483

Global Oceanography, Revolutionized. Annual Review of Marine Science, 14(1):null, 2022. doi: 10.484

1146/annurev-marine-022521-102008. URL https://doi.org/10.1146/annurev-marine-022521-102008.485

_eprint: https://doi.org/10.1146/annurev-marine-022521-102008.486

F. Jöös, R. Roth, J. S. Fuglestvedt, G. P. Peters, I. G. Enting, W. von Bloh, V. Brovkin, E. J. Burke, M. Eby,487

N. R. Edwards, T. Friedrich, T. L. Frölicher, P. R. Halloran, P. B. Holden, C. Jones, T. Kleinen, F. T. Macken-488

zie, K. Matsumoto, M. Meinshausen, G.-K. Plattner, A. Reisinger, J. Segschneider, G. Shaffer, M. Steinacher,489

K. Strassmann, K. Tanaka, A. Timmermann, and A. J. Weaver. Carbon dioxide and climate impulse re-490

sponse functions for the computation of greenhouse gas metrics: a multi-model analysis. Atmospheric Chem-491

istry and Physics, 13(5):2793–2825, March 2013. ISSN 1680-7316. doi: 10.5194/acp-13-2793-2013. URL492

https://acp.copernicus.org/articles/13/2793/2013/. Publisher: Copernicus GmbH.493

Margaret E Keck and Kathryn Sikkink. Activists beyond Borders: Advocacy Networks in International Politics.494

Cornell University Press, Ithaca, NY, 1998.495

18
18            

https://www.carbonbrief.org/analysis-do-cop26-promises-keep-global-warming-below-2c
https://www.carbonbrief.org/analysis-do-cop26-promises-keep-global-warming-below-2c
https://www.carbonbrief.org/analysis-do-cop26-promises-keep-global-warming-below-2c
https://www.nature.com/articles/d41586-020-00177-3
https://www.nature.com/articles/d41586-020-00177-3
https://www.nature.com/articles/d41586-020-00177-3
http://www.ipcc.ch/report/sr15/
http://www.ipcc.ch/report/sr15/
http://www.ipcc.ch/report/sr15/
https://doi.org/10.1007/s10584-021-03275-x
https://doi.org/10.1146/annurev-marine-022521-102008
https://acp.copernicus.org/articles/13/2793/2013/


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

B G King, M Cornwall, and E C Dahlin. Winning woman suffrage one step at a time: social movements and496

the logic of the legislative process. Social Forces, 83:1211–1234, 2005.497

John W Kingdon. Agendas, Alternatives, and Public Policies. HarperCollins, New York, 1984.498

Myanna Lahsen. Technocracy, Democracy, and U.S. Climate Politics: The Need for Demarcations. Science,499

Technology, & Human Values, 30(1):137–169, January 2005. ISSN 0162-2439. doi: 10.1177/0162243904270710.500

URL https://doi.org/10.1177/0162243904270710. Publisher: SAGE Publications Inc.501

Myanna Lahsen. Toward a Sustainable Future Earth: Challenges for a Research Agenda. Science, Technology,502

& Human Values, 41(5):876–898, September 2016. ISSN 0162-2439. doi: 10.1177/0162243916639728. URL503

https://doi.org/10.1177/0162243916639728. Publisher: SAGE Publications Inc.504

Anthony A. Leiserowitz. Day After Tomorrow: Study of Climate Change Risk Perception. Environment:505

Science and Policy for Sustainable Development, 46(9):22–39, November 2004. ISSN 0013-9157. doi: 10.1080/506

00139150409603663. URL https://doi.org/10.1080/00139150409603663. Publisher: Routledge _eprint:507

https://doi.org/10.1080/00139150409603663.508

Timothy M. Lenton, Johan Rockström, Owen Gaffney, Stefan Rahmstorf, Katherine Richardson, Will Steffen,509

and Hans Joachim Schellnhuber. Climate tipping points — too risky to bet against. Nature, 575(7784):510

592–595, November 2019. doi: 10.1038/d41586-019-03595-0. URL https://www.nature.com/articles/511

d41586-019-03595-0. Bandiera_abtest: a Cg_type: Comment Number: 7784 Publisher: Nature Publishing512

Group Subject_term: Climate change, Climate sciences, Environmental sciences, Policy.513

Alice Lepissier and Matto Mildenberger. Unilateral climate policies can substantially reduce national carbon514

pollution. Climatic Change, 166(31), 2021.515

Adam Seth Levine. Why do practitioners want to connect with researchers? evidence from a field experiment.516

PS: Political Science & Politics, 53(4):712–717, 2020.517

Max Liboiron. Decolonizing geoscience requires more than equity and inclusion. Nature Geoscience, 14(12):518

876–877, December 2021. ISSN 1752-0908. doi: 10.1038/s41561-021-00861-7. URL https://www.nature.519

com/articles/s41561-021-00861-7. Number: 12 Publisher: Nature Publishing Group.520

Jonathan Lin, Kerry Emanuel, and Jonathan L. Vigh. Forecasts of Hurricanes Using Large-Ensemble Out-521

puts. Weather and Forecasting, 35(5):1713–1731, October 2020. ISSN 1520-0434, 0882-8156. doi: 10.1175/522

WAF-D-19-0255.1. URL https://journals.ametsoc.org/view/journals/wefo/35/5/wafD190255.xml.523

Publisher: American Meteorological Society Section: Weather and Forecasting.524

Charles E Lindblom. The science of ’muddling through’. Public Administration Review, 19(2):79–88, 1959.525

M Lipsky. Protest in City Politics. Rand-McNally, Chicago, 1970.526

19
19            

https://doi.org/10.1177/0162243904270710
https://doi.org/10.1177/0162243916639728
https://doi.org/10.1080/00139150409603663
https://www.nature.com/articles/d41586-019-03595-0
https://www.nature.com/articles/d41586-019-03595-0
https://www.nature.com/articles/d41586-019-03595-0
https://www.nature.com/articles/s41561-021-00861-7
https://www.nature.com/articles/s41561-021-00861-7
https://www.nature.com/articles/s41561-021-00861-7
https://journals.ametsoc.org/view/journals/wefo/35/5/wafD190255.xml


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

Elisabeth A. Lloyd, Naomi Oreskes, Sonia I. Seneviratne, and Edward J. Larson. Climate scientists set the bar527

of proof too high. Climatic Change, 165(3):55, April 2021. ISSN 1573-1480. doi: 10.1007/s10584-021-03061-9.528

URL https://doi.org/10.1007/s10584-021-03061-9.529

Andreas Madestam, Daniel Shoag, Stan Veuger, and David Yanagizawa-Droit. Do political protests matter?530

evidence from the tea party movement. The Quarterly Journal of Economics, 128(4):1633–1685, 2013.531

Michael E. Mann. The Hockey Stick and the Climate Wars: Dispatches from the Front Lines. Columbia532

University Press, 2012. ISBN 978-0-231-15254-9. Google-Books-ID: 7SeVAQAAQBAJ.533

Michael E. Mann, Elisabeth A. Lloyd, and Naomi Oreskes. Assessing climate change impacts on extreme weather534

events: the case for an alternative (Bayesian) approach. Climatic Change, 144(2):131–142, September 2017.535

ISSN 1573-1480. doi: 10.1007/s10584-017-2048-3. URL https://doi.org/10.1007/s10584-017-2048-3.536

Joan Martinez-Alier, Leah Temper, Daniela Del Bene, and Arnim Scheidel. Is there a global environmental537

justice movement? The Journal of Peasant Studies, 43(3):731–755, 2016.538

H. Damon Matthews and Ken Caldeira. Stabilizing climate requires near-zero emissions. Geo-539

physical Research Letters, 35(4), 2008. ISSN 1944-8007. doi: 10.1029/2007GL032388.540

URL https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2007GL032388. _eprint:541

https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/2007GL032388.542

H. Damon Matthews, Nathan P. Gillett, Peter A. Stott, and Kirsten Zickfeld. The proportionality of global543

warming to cumulative carbon emissions. Nature, 459(7248):829–832, June 2009. ISSN 1476-4687. doi: 10.544

1038/nature08047. URL https://www.nature.com/articles/nature08047. Bandiera_abtest: a Cg_type:545

Nature Research Journals Number: 7248 Primary_atype: Research Publisher: Nature Publishing Group.546

H. Damon Matthews, Susan Solomon, and Raymond Pierrehumbert. Cumulative carbon as a policy framework547

for achieving climate stabilization. Philosophical Transactions of the Royal Society A: Mathematical, Physical548

and Engineering Sciences, 370(1974):4365–4379, September 2012. doi: 10.1098/rsta.2012.0064. URL https:549

//royalsocietypublishing.org/doi/10.1098/rsta.2012.0064. Publisher: Royal Society.550

Edwin Mayorga, Lekey Leidecker, and D. Gutierrez. Burn It Down: The In-551

commensurability Of The University And Decolonization. Journal of Criti-552

cal Thought and Praxis, 8(1):87–106, 2019. URL https://www.semanticscholar.553

org/paper/Burn-It-Down%3A-The-Incommensurability-Of-The-And-Mayorga-Leidecker/554

dfd84652902915a6891dafefc15b52cc53a5b439.555

Doug McAdam. Social movement theory and the prospects for climate change activism in the united states.556

Annual Review of Political Science, 20:189–208, 2017.557

Doug McAdam and Hilary Schaffer Boudet. Putting Social Movements in their Place: Explaining Opposition558

to Energy Projects in the United States, 2000-2005. Cambridge University Press, New York, 2012.559

20
20            

https://doi.org/10.1007/s10584-021-03061-9
https://doi.org/10.1007/s10584-017-2048-3
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2007GL032388
https://www.nature.com/articles/nature08047
https://royalsocietypublishing.org/doi/10.1098/rsta.2012.0064
https://royalsocietypublishing.org/doi/10.1098/rsta.2012.0064
https://royalsocietypublishing.org/doi/10.1098/rsta.2012.0064
https://www.semanticscholar.org/paper/Burn-It-Down%3A-The-Incommensurability-Of-The-And-Mayorga-Leidecker/dfd84652902915a6891dafefc15b52cc53a5b439
https://www.semanticscholar.org/paper/Burn-It-Down%3A-The-Incommensurability-Of-The-And-Mayorga-Leidecker/dfd84652902915a6891dafefc15b52cc53a5b439
https://www.semanticscholar.org/paper/Burn-It-Down%3A-The-Incommensurability-Of-The-And-Mayorga-Leidecker/dfd84652902915a6891dafefc15b52cc53a5b439
https://www.semanticscholar.org/paper/Burn-It-Down%3A-The-Incommensurability-Of-The-And-Mayorga-Leidecker/dfd84652902915a6891dafefc15b52cc53a5b439
https://www.semanticscholar.org/paper/Burn-It-Down%3A-The-Incommensurability-Of-The-And-Mayorga-Leidecker/dfd84652902915a6891dafefc15b52cc53a5b439


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

John D McCarthy and Mayer N Zald. Resource mobilization and social movements: A partial theory. American560

Journal of Sociology, 82(6):1212–1241, 1977.561

K. McCarthy and Z. Valdez. Mapping heat vulnerability to protect community health. Eos, 2019. doi: https:562

//doi.org/10.1029/2019EO120197. URL https://doi.org/10.1029/2019EO120197. Published on 05 April563

2019.564

Linda McKeever Bullard and Luke Cole. A pioneer in environmental justice lawyering: A conversation with565

linda mckeever bullard. Race, Poverty & the Environment, 5(2-3):17–20, 1994.566

Bill McKibben. Global Warming’s Terrifying New Math, July 2012. URL https://www.rollingstone.com/567

politics/politics-news/global-warmings-terrifying-new-math-188550/.568

David S Meyer and Debra C Minkoff. Conceptualizing political opportunity. Social Forces, 82(4):1457–1492,569

2004.570

Matto Mildenberger and Dustin Tingley. Beliefs about climate beliefs: The importance of second-order opinions571

for climate politics. British Journal of Political Science, 49(4):1279–1307, 2017.572

Ziad W Munson. The Making of Pro-Life Activists: How Social Movement Mobilization Works. The University573

of Chicago Press, Chicago, 2008.574

Vanessa Nakate. A Bigger Picture: My Fight to Bring a New African Voice to the Climate Crisis. Houghton575

Mifflin Harcourt, November 2021. ISBN 978-0-358-65450-6. Google-Books-ID: eDAXEAAAQBAJ.576

Philippe Naveau, Alexis Hannart, and Aurélien Ribes. Statistical Methods for Extreme Event Attribution577

in Climate Science. Annual Review of Statistics and Its Application, 7(1):89–110, 2020. doi: 10.1146/578

annurev-statistics-031219-041314. URL https://doi.org/10.1146/annurev-statistics-031219-041314.579

_eprint: https://doi.org/10.1146/annurev-statistics-031219-041314.580

Peter Newell and Andrew Simms. Towards a fossil fuel non-proliferation treaty. Climate Pol-581

icy, 20(8):1043–1054, September 2020. ISSN 1469-3062. doi: 10.1080/14693062.2019.1636759.582

URL https://doi.org/10.1080/14693062.2019.1636759. Publisher: Taylor & Francis _eprint:583

https://doi.org/10.1080/14693062.2019.1636759.584

William D. Nordhaus. An Optimal Transition Path for Controlling Greenhouse Gases. Science, 258(5086):585

1315–1319, November 1992. ISSN 0036-8075, 1095-9203. doi: 10.1126/science.258.5086.1315. URL https://586

science.sciencemag.org/content/258/5086/1315. Publisher: American Association for the Advancement587

of Science Section: Articles.588

S Olzak and S A Soule. Cross-cutting influences of environmental protest and legislation. Social Forces, 88:589

201–225, 2009.590

21
21            

https://doi.org/10.1029/2019EO120197
https://www.rollingstone.com/politics/politics-news/global-warmings-terrifying-new-math-188550/
https://www.rollingstone.com/politics/politics-news/global-warmings-terrifying-new-math-188550/
https://www.rollingstone.com/politics/politics-news/global-warmings-terrifying-new-math-188550/
https://doi.org/10.1146/annurev-statistics-031219-041314
https://doi.org/10.1080/14693062.2019.1636759
https://science.sciencemag.org/content/258/5086/1315
https://science.sciencemag.org/content/258/5086/1315
https://science.sciencemag.org/content/258/5086/1315


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

Naomi Oreskes. Science on a Mission: How Military Funding Shaped What We Do and Don’t Know about the591

Ocean. University of Chicago Press, first edition edition, April 2021.592

Naomi Oreskes and Erik M Conway. Merchants of doubt: How a handful of scientists obscured the truth on593

issues from tobacco smoke to global warming. Bloomsbury Publishing USA, 2011.594

Shannon Osaka and Rob Bellamy. Natural variability or climate change? stakeholder and citizen perceptions595

of extreme event attribution. Global Environmental Change, 62:1–12, 2020.596

Gwen Ottinger. Is it good science? Activism, values, and communicating politically relevant science. Journal of597

Science Communication, 14(2):C02, June 2015. ISSN 1824-2049. doi: 10.22323/2.14020302. URL https://598

jcom.sissa.it/archive/14/02/JCOM_1402_2015_C01/JCOM_1402_2015_C02. Publisher: SISSA Medialab.599

Friederike E L Otto, Piotr Wolski, Flavio Lehner, Claudia Tebaldi, Geert Jan van Olden-600

borgh, Sanne Hogesteeger, Roop Singh, Petra Holden, Neven Fuckar, Romaric Odoulami,601

and Mark New. Likelihood of cape town water crisis tripled by climate change.602

World Weather Attribution, 2018. URL https://www.worldweatherattribution.org/603

the-role-of-climate-change-in-the-2015-2017-drought-in-the-western-cape-of-south-africa/.604

Friederike E.L. Otto. Attribution of Weather and Climate Events. Annual Review of Environment and Re-605

sources, 42(1):627–646, 2017. doi: 10.1146/annurev-environ-102016-060847. URL https://doi.org/10.606

1146/annurev-environ-102016-060847. _eprint: https://doi.org/10.1146/annurev-environ-102016-060847.607

Eric M Patashnik. Reforms at Risk: What Happens After Major Policy Changes Are Enacted. Princeton608

University Press, Princeton, 2008.609

Fernando Penalver. Fridays for future convoco a miles en santiago: Encapuchados agredieron a610

equipos de prensa. Publimetro, 2019. URL https://www.publimetro.cl/cl/noticias/2019/09/27/611

fridays-for-future-convoco-a-miles-en-santiago-encapuchados-agredieron-a-equipos-de-prensa.612

html.613

Thomas C. Peterson, Peter A. Stott, and Stephanie Herring. Explaining Extreme Events of 2011 from614

a Climate Perspective. Bulletin of the American Meteorological Society, 93(7):1041–1067, July 2012.615

doi: 10.1175/BAMS-D-12-00021.1. URL https://journals.ametsoc.org/view/journals/bams/93/7/616

bams-d-12-00021.1.xml. Publisher: American Meteorological Society Section: Bulletin of the American617

Meteorological Society.618

Anna Phillips. Manchin’s opposition to build back better bill undercuts biden’s climate agenda.619

Washington Post, 2021. URL https://www.washingtonpost.com/climate-environment/2021/12/19/620

manchin-climate-build-back-better/.621

R A Pielke Jr. The honest broker: making sense of science in policy and politics. Cambridge University Press,622

Cambridge, 2007.623

22
22            

https://jcom.sissa.it/archive/14/02/JCOM_1402_2015_C01/JCOM_1402_2015_C02
https://jcom.sissa.it/archive/14/02/JCOM_1402_2015_C01/JCOM_1402_2015_C02
https://jcom.sissa.it/archive/14/02/JCOM_1402_2015_C01/JCOM_1402_2015_C02
https://www.worldweatherattribution.org/the-role-of-climate-change-in-the-2015-2017-drought-in-the-western-cape-of-south-africa/
https://www.worldweatherattribution.org/the-role-of-climate-change-in-the-2015-2017-drought-in-the-western-cape-of-south-africa/
https://www.worldweatherattribution.org/the-role-of-climate-change-in-the-2015-2017-drought-in-the-western-cape-of-south-africa/
https://doi.org/10.1146/annurev-environ-102016-060847
https://doi.org/10.1146/annurev-environ-102016-060847
https://doi.org/10.1146/annurev-environ-102016-060847
https://www.publimetro.cl/cl/noticias/2019/09/27/fridays-for-future-convoco-a-miles-en-santiago-encapuchados-agredieron-a-equipos-de-prensa.html
https://www.publimetro.cl/cl/noticias/2019/09/27/fridays-for-future-convoco-a-miles-en-santiago-encapuchados-agredieron-a-equipos-de-prensa.html
https://www.publimetro.cl/cl/noticias/2019/09/27/fridays-for-future-convoco-a-miles-en-santiago-encapuchados-agredieron-a-equipos-de-prensa.html
https://www.publimetro.cl/cl/noticias/2019/09/27/fridays-for-future-convoco-a-miles-en-santiago-encapuchados-agredieron-a-equipos-de-prensa.html
https://www.publimetro.cl/cl/noticias/2019/09/27/fridays-for-future-convoco-a-miles-en-santiago-encapuchados-agredieron-a-equipos-de-prensa.html
https://journals.ametsoc.org/view/journals/bams/93/7/bams-d-12-00021.1.xml
https://journals.ametsoc.org/view/journals/bams/93/7/bams-d-12-00021.1.xml
https://journals.ametsoc.org/view/journals/bams/93/7/bams-d-12-00021.1.xml
https://www.washingtonpost.com/climate-environment/2021/12/19/manchin-climate-build-back-better/
https://www.washingtonpost.com/climate-environment/2021/12/19/manchin-climate-build-back-better/
https://www.washingtonpost.com/climate-environment/2021/12/19/manchin-climate-build-back-better/


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

Varshini Prakash and Guido Girgenti. Winning the Green New Deal: Why We Must, How We Can. Simon and624

Schuster, August 2020. ISBN 978-1-982142-48-3. Google-Books-ID: oIi2DwAAQBAJ.625

Andrew Prokop. The state of the shrinking build back better act. Vox, 2021. URL https://www.vox.com/626

2021/12/13/22799436/build-back-better-senate-manchin-parliamentarian.627

Stefan Rahmstorf. Bifurcations of the Atlantic thermohaline circulation in response to changes in the hydro-628

logical cycle. Nature, 378(6553):145–149, November 1995. ISSN 1476-4687. doi: 10.1038/378145a0. URL629

https://www.nature.com/articles/378145a0. Bandiera_abtest: a Cg_type: Nature Research Journals630

Number: 6553 Primary_atype: Research Publisher: Nature Publishing Group.631

Samuel Randalls. History of the 2°C climate target. WIREs Climate Change, 1(4):598–605, 2010. ISSN 1757-632

7799. doi: 10.1002/wcc.62. URL https://wires.onlinelibrary.wiley.com/doi/abs/10.1002/wcc.62.633

_eprint: https://wires.onlinelibrary.wiley.com/doi/pdf/10.1002/wcc.62.634

Meghana Ranganathan, Ellen Lalk, Lyssa M. Freese, Mara A. Freilich, Julia Wilcots, Margaret L. Duffy, and635

Rohini Shivamoggi. Trends in the representation of women amongst geoscience faculty from 1999-2020:636

the long road towards gender parity, March 2021. URL http://www.essoar.org/doi/10.1002/essoar.637

10506485.1. Archive Location: world Publisher: Earth and Space Science Open Archive Section: Education.638

Michael R. Raupach, Steven J. Davis, Glen P. Peters, Robbie M. Andrew, Josep G. Canadell, Philippe639

Ciais, Pierre Friedlingstein, Frank Jotzo, Detlef P. van Vuuren, and Corinne Le Quéré. Sharing a quota640

on cumulative carbon emissions. Nature Climate Change, 4(10):873–879, October 2014. ISSN 1758-6798.641

doi: 10.1038/nclimate2384. URL https://www.nature.com/articles/nclimate2384. Bandiera_abtest: a642

Cg_type: Nature Research Journals Number: 10 Primary_atype: Reviews Publisher: Nature Publishing643

Group Subject_term: Atmospheric science Subject_term_id: atmospheric-science.644

Claes Rooth. Hydrology and ocean circulation. Progress in Oceanography, 11(2):131–149, January 1982. ISSN645

0079-6611. doi: 10.1016/0079-6611(82)90006-4. URL https://www.sciencedirect.com/science/article/646

pii/0079661182900064.647

Quirin Schiermeier. Climate science is supporting lawsuits that could help save the world. Nature, 597(7875):648

169–171, September 2021. doi: 10.1038/d41586-021-02424-7. URL https://www.nature.com/articles/649

d41586-021-02424-7. Bandiera_abtest: a Cg_type: News Feature Number: 7875 Publisher: Nature Pub-650

lishing Group Subject_term: Climate change, Law, Policy, Government.651

Gavin A. Schmidt. What should climate scientists advocate for? Bulletin of the Atomic Scientists, 71(1):70–74,652

January 2015. ISSN 0096-3402. doi: 10.1177/0096340214563677. URL https://journals.sagepub.com/653

doi/abs/10.1177/0096340214563677. Publisher: SAGE Publications.654

Stephen H. Schneider. Abrupt non-linear climate change, irreversibility and surprise. Global Environmental655

Change, 14(3):245–258, October 2004. ISSN 0959-3780. doi: 10.1016/j.gloenvcha.2004.04.008. URL http:656

//www.sciencedirect.com/science/article/pii/S0959378004000408.657

23
23            

https://www.vox.com/2021/12/13/22799436/build-back-better-senate-manchin-parliamentarian
https://www.vox.com/2021/12/13/22799436/build-back-better-senate-manchin-parliamentarian
https://www.vox.com/2021/12/13/22799436/build-back-better-senate-manchin-parliamentarian
https://www.nature.com/articles/378145a0
https://wires.onlinelibrary.wiley.com/doi/abs/10.1002/wcc.62
http://www.essoar.org/doi/10.1002/essoar.10506485.1
http://www.essoar.org/doi/10.1002/essoar.10506485.1
http://www.essoar.org/doi/10.1002/essoar.10506485.1
https://www.nature.com/articles/nclimate2384
https://www.sciencedirect.com/science/article/pii/0079661182900064
https://www.sciencedirect.com/science/article/pii/0079661182900064
https://www.sciencedirect.com/science/article/pii/0079661182900064
https://www.nature.com/articles/d41586-021-02424-7
https://www.nature.com/articles/d41586-021-02424-7
https://www.nature.com/articles/d41586-021-02424-7
https://journals.sagepub.com/doi/abs/10.1177/0096340214563677
https://journals.sagepub.com/doi/abs/10.1177/0096340214563677
https://journals.sagepub.com/doi/abs/10.1177/0096340214563677
http://www.sciencedirect.com/science/article/pii/S0959378004000408
http://www.sciencedirect.com/science/article/pii/S0959378004000408
http://www.sciencedirect.com/science/article/pii/S0959378004000408


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

Theodore G. Shepherd. A Common Framework for Approaches to Extreme Event Attribution. Current Climate658

Change Reports, 2(1):28–38, March 2016. ISSN 2198-6061. doi: 10.1007/s40641-016-0033-y. URL https:659

//doi.org/10.1007/s40641-016-0033-y.660

S. C. Sherwood, M. J. Webb, J. D. Annan, K. C. Armour, P. M. Forster, J. C. Hargreaves, G. Hegerl, S. A.661

Klein, K. D. Marvel, E. J. Rohling, M. Watanabe, T. Andrews, P. Braconnot, C. S. Bretherton, G. L. Foster,662

Z. Hausfather, A. S. von der Heydt, R. Knutti, T. Mauritsen, J. R. Norris, C. Proistosescu, M. Rugenstein,663

G. A. Schmidt, K. B. Tokarska, and M. D. Zelinka. An Assessment of Earth’s Climate Sensitivity Using664

Multiple Lines of Evidence. Reviews of Geophysics, 58(4):e2019RG000678, 2020. ISSN 1944-9208. doi:665

https://doi.org/10.1029/2019RG000678. URL https://agupubs.onlinelibrary.wiley.com/doi/abs/10.666

1029/2019RG000678. _eprint: https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/2019RG000678.667

Steven C. Sherwood and Matthew Huber. An adaptability limit to climate change due to heat stress. Pro-668

ceedings of the National Academy of Sciences, 107(21):9552–9555, 2010. ISSN 0027-8424. doi: 10.1073/pnas.669

0913352107. URL https://www.pnas.org/content/107/21/9552. Publisher: National Academy of Sciences670

_eprint: https://www.pnas.org/content/107/21/9552.full.pdf.671

Sebastian Sippel, Jakob Zscheischler, Martin Heimann, Friederike E. L. Otto, Jonas Peters, and672

Miguel D. Mahecha. Quantifying changes in climate variability and extremes: Pitfalls and their over-673

coming. Geophysical Research Letters, 42(22):9990–9998, 2015. ISSN 1944-8007. doi: 10.1002/674

2015GL066307. URL https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1002/2015GL066307.675

_eprint: https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1002/2015GL066307.676

David A Snow and Robert D Benford. Master frames and cycles of protest. In Aldon DMorris and Carol McClurg677

Mueller, editors, Frontiers in Social Movement Theory, chapter 6, pages 133–155. Yale University Press, New678

Haven, 1988.679

Adam H. Sobel. Usable climate science is adaptation science. Climatic Change, 166(1):8, May 2021. ISSN680

1573-1480. doi: 10.1007/s10584-021-03108-x. URL https://doi.org/10.1007/s10584-021-03108-x.681

Susan Solomon, Gian-Kasper Plattner, Reto Knutti, and Pierre Friedlingstein. Irreversible climate change due682

to carbon dioxide emissions. Proceedings of the National Academy of Sciences, 106(6):1704–1709, February683

2009. ISSN 0027-8424, 1091-6490. doi: 10.1073/pnas.0812721106. URL https://www.pnas.org/content/684

106/6/1704. Publisher: National Academy of Sciences Section: Physical Sciences.685

Henry Stommel. Thermohaline Convection with Two Stable Regimes of Flow. Tellus, 13(2):224–230, 1961. ISSN686

2153-3490. doi: 10.1111/j.2153-3490.1961.tb00079.x. URL https://onlinelibrary.wiley.com/doi/abs/687

10.1111/j.2153-3490.1961.tb00079.x. _eprint: https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.2153-688

3490.1961.tb00079.x.689

Dáithí A. Stone and Myles R. Allen. The End-to-End Attribution Problem: From Emissions to Impacts.690

24
24            

https://doi.org/10.1007/s40641-016-0033-y
https://doi.org/10.1007/s40641-016-0033-y
https://doi.org/10.1007/s40641-016-0033-y
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2019RG000678
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2019RG000678
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2019RG000678
https://www.pnas.org/content/107/21/9552
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1002/2015GL066307
https://doi.org/10.1007/s10584-021-03108-x
https://www.pnas.org/content/106/6/1704
https://www.pnas.org/content/106/6/1704
https://www.pnas.org/content/106/6/1704
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.2153-3490.1961.tb00079.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.2153-3490.1961.tb00079.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.2153-3490.1961.tb00079.x


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

Climatic Change, 71(3):303–318, August 2005. ISSN 1573-1480. doi: 10.1007/s10584-005-6778-2. URL691

https://doi.org/10.1007/s10584-005-6778-2.692

Peter A. Stott, David J. Karoly, and Francis W. Zwiers. Is the choice of statistical paradigm critical in extreme693

event attribution studies? Climatic Change, 144(2):143–150, September 2017. ISSN 1573-1480. doi: 10.1007/694

s10584-017-2049-2. URL https://doi.org/10.1007/s10584-017-2049-2.695

Peter A. Stott, D. A. Stone, and M. R. Allen. Human contribution to the European heatwave of 2003.696

Nature, 432(7017):610–614, December 2004. ISSN 1476-4687. doi: 10.1038/nature03089. URL https:697

//www.nature.com/articles/nature03089. Bandiera_abtest: a Cg_type: Nature Research Journals Num-698

ber: 7017 Primary_atype: Research Publisher: Nature Publishing Group.699

James L Sundquist. Dynamics of the Party System: Alignment and Realignment of Political Parties in the700

United States, Revised Edition. The Brookings Institution, Washington, DC, 1983.701

Matthew Taylor, Jonathan Watts, and John Bartlett. Climate crisis: 6 million people join latest wave of702

global protests. The Guardian, 2019. URL https://www.theguardian.com/environment/2019/sep/27/703

climate-crisis-6-million-people-join-latest-wave-of-worldwide-protests.704

Charles Tilly. Social movements as historically specific clusters of political performances. Berkeley Journal of705

Sociology, 38:1–30, 1994.706

Rebecca Tsosie. Indigenous People and Environmental Justice: The Impact of Climate Change The Climate707

of Environmental Justice: Taking Stock. University of Colorado Law Review, 78(4):1625–1678, 2007. URL708

https://heinonline.org/HOL/P?h=hein.journals/ucollr78&i=1633.709

United Nations Framework Convention on Climate Change. Paris agreement. article 2(a), 2015. URL https:710

//unfccc.int/process-and-meetings/the-paris-agreement/theparis-agreement.711

Geert Jan van Oldenborgh, Karin van der Wiel, Sarah Kew, Sjoukje Philip, Friederike Otto, Robert Vautard,712

Andrew King, Fraser Lott, Julie Arrighi, Roop Singh, and Maarten van Aalst. Pathways and pitfalls in extreme713

event attribution. Climatic Change, 166(1):13, May 2021. ISSN 1573-1480. doi: 10.1007/s10584-021-03071-7.714

URL https://doi.org/10.1007/s10584-021-03071-7.715

Christopher M Weible. Expert-based information and policy subsystems: A review and synthesis. The Policy716

Studies Journal, 36(4):615–635, 2008.717

Dan Welsby, James Price, Steve Pye, and Paul Ekins. Unextractable fossil fuels in a 1.5 °C world. Na-718

ture, 597(7875):230–234, September 2021. ISSN 1476-4687. doi: 10.1038/s41586-021-03821-8. URL719

https://www.nature.com/articles/s41586-021-03821-8. Bandiera_abtest: a Cg_type: Nature Research720

Journals Number: 7875 Primary_atype: Research Publisher: Nature Publishing Group Subject_term: En-721

ergy modelling;Fossil fuels Subject_term_id: energy-modelling;fossil-fuels.722

25
25            

https://doi.org/10.1007/s10584-005-6778-2
https://doi.org/10.1007/s10584-017-2049-2
https://www.nature.com/articles/nature03089
https://www.nature.com/articles/nature03089
https://www.nature.com/articles/nature03089
https://www.theguardian.com/environment/2019/sep/27/climate-crisis-6-million-people-join-latest-wave-of-worldwide-protests
https://www.theguardian.com/environment/2019/sep/27/climate-crisis-6-million-people-join-latest-wave-of-worldwide-protests
https://www.theguardian.com/environment/2019/sep/27/climate-crisis-6-million-people-join-latest-wave-of-worldwide-protests
https://heinonline.org/HOL/P?h=hein.journals/ucollr78&i=1633
https://unfccc.int/process-and-meetings/the-paris-agreement/theparis- agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/theparis- agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/theparis- agreement
https://doi.org/10.1007/s10584-021-03071-7
https://www.nature.com/articles/s41586-021-03821-8


Acc
ep

te
d 

m
an

us
cr

ip
t

                                          ACCEPTED MANUSCRIPT                                      

T. M. L. Wigley, R. Richels, and J. A. Edmonds. Economic and environmental choices in the stabilization of723

atmospheric CO2 concentrations. Nature, 379(6562):240–243, January 1996. ISSN 1476-4687. doi: 10.1038/724

379240a0. URL https://www.nature.com/articles/379240a0. Bandiera_abtest: a Cg_type: Nature725

Research Journals Number: 6562 Primary_atype: Research Publisher: Nature Publishing Group.726

Ruud Wouters and Stefaan Walgrave. Demonstrating power: How protest persuades political representatives.727

American Sociological Review, 82(2):361–383, 2017.728

Kirsten Zickfeld, Michael Eby, H. Damon Matthews, and Andrew J. Weaver. Setting cumulative emissions729

targets to reduce the risk of dangerous climate change. Proceedings of the National Academy of Sciences,730

106(38):16129–16134, September 2009. ISSN 0027-8424, 1091-6490. doi: 10.1073/pnas.0805800106. URL731

https://www.pnas.org/content/106/38/16129. Publisher: National Academy of Sciences Section: Physical732

Sciences.733

26
26            

https://www.nature.com/articles/379240a0
https://www.pnas.org/content/106/38/16129

	A defense of usable climate mitigation science: How science can contribute to social movements

