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Abstract The notion of a threshold of dangerous climate change has been central to national and

international efforts to address climate risks. However, the focus on a single target has now become an

obstacle because it reinforces three key problems: it frames climate change as a distant abstract threat,

it impedes integration of mitigation and adaptation, and it fails to recognize the diversity of values and

risk perceptions of people around the globe. We present an alternative framework that considers both

biophysical science and social values in characterizing the broad spectrum of climate risks. The framework

also presents the options for managing these risks within four quadrants defined by the inherent limits

to mitigation and adaptation. This quadrant-based approach to managing the spectrum of climate risks

restructures the climate change problem from avoiding a distant catastrophe to minimizing collective

suffering.

1. Introduction

For the last two decades, climate advocates and policy makers have pursued a global solution to avoid

“dangerous” change, a goal originally set in the United Nations Framework Convention on Climate Change

in 1992. Many have adopted a 2∘C rise in global average surface temperature above preindustrial levels

as the threshold beyond which dangerous change will occur [Randalls, 2010]. Others have focused on

thresholds in greenhouse gas concentrations such as 350 ppm of carbon dioxide [e.g., Hansen et al., 2008].

Although some have questioned the feasibility or appropriateness of such targets [Shaw, 2009; Dessai

et al., 2004; Risbey, 2006], the notion of a dangerous threshold has been valuable in the popular discourse

for highlighting the scale of the challenge and helping to focus climate negotiations. But the single global

threshold has now become an obstacle to progress because it reinforces three key problems confronting

society in addressing climate change: it frames climate change as a distant abstract threat; it impedes inte-

gration of mitigation and adaptation; and it fails to recognize the diversity of values and risk perceptions

of people around the globe. Here we outline these problems and propose an alternative framework to

facilitate collective management of the wide spectrum of climate risks.

2. Dangers of a Single Dangerous Threshold

First, a single global threshold isolates climate change as a distant and abstract threat, which inhibits

many from understanding it and seeing it as a priority [Nisbet and Myers, 2007]. Climate affects almost

every aspect of society, including the food that people eat, the water that communities drink, and the

economies that societies build. Each of these is at risk to a continuum of adverse impacts as a result of cli-

mate variability and climate change. Individuals are often more concerned with the immediate risks, such

as those associated with the intensity and frequency of heat waves, droughts, and hurricanes, because

these threaten aspects of ordinary life. Yet a single global threshold, such as 2∘C, focuses attention on the

more distant risks associated with crossing that threshold, for example, the loss of ice sheets and mass

extinction of species, impacts that can only be imagined because they are outside our daily experience.

This focus is amplified by a popular narrative that the threshold is a “red line” separating difficult impacts

from the truly catastrophic [McKibben, 2012]. Thus, the notion of one global threshold has shaped the cli-

mate problem as an abstract struggle to “save the planet,” apart from the risks confronting society today.

Second, the single dangerous threshold has impeded integration of efforts to reduce the atmospheric

concentration of greenhouse gasses (mitigation) with efforts to adjust to the changing climate (adaptation),
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because it has focused the climate discourse narrowly on policies and technical solutions for reducing

emissions of greenhouse gasses. Although climate advocates and policy makers increasingly recognize

that mitigation and adaptation are both needed to manage the spectrum of climate risks [Klein et al.,

2007], in practice, mitigation and adaptation are promoted by different communities, and each mostly

fails to consider the full risk spectrum. This disconnect is illustrated when mitigation advocates use

weather-related disasters, such as Superstorm Sandy, to motivate emissions cuts, even though the risks

of similar disasters in the near future cannot be lessened through emissions reductions because of inertia

in our biophysical and social systems [Metz et al., 2007; Tebaldi and Friedlingstein, 2013]. In the near term,

reducing the risks of the next Sandy will depend on changing development patterns.

Finally, the focus on a single dangerous threshold fails to acknowledge that diverse stakeholders perceive cli-

mate risks and evaluate potential solutions differently. Scientists commonly define risk as the product of

the severity of impact and the probability of occurrence, and use data and models to forecast how the

climate will change, estimate the likelihood of any given change, and predict the consequences. Yet, inde-

pendent of what risk models show, the broader public perceives the probability and severity of a given

impact through the filter of their personal values and social context [Kahan, 2010; Kahan et al., 2011;Weber

and Stern, 2011]. Consider two stakeholders presented with a scientific assessment of the risk of mass

species extinctions by end of the century. One stakeholder may value species threatened with extinction

more than another stakeholder, and thus judge their loss as more severe. Stakeholders also perceive the

likelihood of future events differently, especially when scientific estimates of the probability have large

uncertainties [Lorenzoni et al., 2005; Fischhoff , 2007].

The 2∘C target itself is a value judgment agreed to by international negotiators at the United Nations Cli-

mate Change Conference in Copenhagen in 2009 as the temperature above which the aggregate risks to

global society become unacceptable [Mann, 2009; Randalls, 2010]. However, members of global society

have diverse values and thus diverse perspectives on what constitutes “dangerous” change [Dessai et al.,

2004; Risbey, 2006]. The substantial uncertainty about what will happen if temperatures rise by 2∘C [Keller

et al., 2008] combined with the diversity of stakeholder priorities has contributed to the “climate change

collective action problem,” in which countries would be better off collectively reducing emissions but per-

ceived self-interest compels them to continue emitting at high levels [Ostrom, 2000]. Acknowledging the

diversity of stakeholder values and risk perceptions may open greater opportunities for collective action

in emissions reductions [Vasconcelos et al., 2013] and also highlights the need for a more comprehensive

approach to managing the spectrum of climate risks.

3. AnAlternative Framework forManaging Climate Risks

Here we propose an alternative framework that captures the spectrum of climate risks, incorporates

science and values, and shifts the focus from a top-down declaration of danger to a bottom-up character-

ization of the risks that a diversity of stakeholders perceive as dangerous. In Figure 1, we present a climate

risk space defined by the severity of potential impacts and the time scale over which impacts may be real-

ized with rising temperatures. The single dangerous threshold focuses on the upper right portion of this

space. Yet the differing values and risk perceptions of global society require consideration of the full space.

To illustrate how one might populate this space based on multiple stakeholder values and perceptions,

we plot a few potential impacts, enclosed by boxes colored to represent two hypothetical stakeholders

(red and blue). The vertical position indicates the stakeholder’s value of impact severity and the box-line

thickness indicates stakeholder perception of impact likelihood. For example, consider two stakeholders

presented with the Intergovernmental Panel on Climate Change results characterizing the extent and

probability of loss of Arctic sea ice [Parry et al., 2007]. Although both may accept a high likelihood of losing

Arctic sea ice in the near future, they may value the loss differently: catastrophic for one, acceptable for the

other. In contrast, although both stakeholders may value the potential loss of the Greenland ice sheet as

equally severe, they may differ in how they respond to scientific estimates of probability; one may believe

that the likelihood of it occurring in a relevant time frame is lower and thus perceives it as a lower risk.

This framework also provides a conceptual space to evaluate possible climate management options

(Figure 2). As John Holdren, U.S. President Obama’s Science Advisor, has argued, society has three options
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Figure 1. Climate risk space. Conceptual map of climate risk perceptions held by

multiple stakeholders. Risks vary across a spectrum of severity and time scale

over which impacts may be realized with increasing global temperature. Two

hypothetical stakeholders (red and blue) may value impacts differently (vertical

position) and perceive impact likelihood differently (box-line thickness). Four

possible combinations are illustrated.

for managing climate risks: mitigate,

adapt, or suffer [Holdren, 2008]. To the

extent that impacts are not avoided

through mitigation and adaptation,

society will simply suffer them. How-

ever, no matter how much emissions

are reduced and preparations are

made for a changing climate, there

are limits to how much suffering can

be avoided. These limits depend on

biophysical thresholds and social val-

ues [Adger et al., 2012]. For example,

warming above a certain threshold

may lead to the irreversible loss of

species or loss of Arctic sea ice [Metz

et al., 2007]. These losses would be

beyond the limits of adaptation [Dow

et al., 2013], to the extent that we

value these attributes of our current

world [Adger et al., 2012]. There are

also fundamental limits to mitigation.

Because of the warming already committed to by past and present emissions, and the inertia of our bio-

physical and social systems, mitigation policies implemented today will not have a significant influence on

the climate for decades [Wetherald et al., 2001; Friedlingstein and Solomon, 2005;Metz et al., 2007; Tebaldi

and Friedlingstein, 2013].

The limits of mitigation and adaption define four quadrants that represent the potential solution space

for addressing climate risks (Figure 2). The upper right quadrant represents potential adverse impacts that

Figure 2. Risk management quadrants. Conceptual map of options for

managing climate risks. Four distinct quadrants are defined by inherent limits to

mitigation (vertical, solid line) and adaptation (horizontal, dashed line). Grey

bands represent uncertainty. The size of the suffering quadrant will depend on

the extent (arrows) to which the full potential of mitigation and adaptation are

realized by climate policies.

are too severe to be adapted to, but

are far enough in the future to be

potentially avoided by mitigation.

In contrast, the lower left quadrant

consists of less-severe, near-term

impacts that can only be addressed

by adaptation. The quadrant in the

lower right encompasses impacts that

could be managed by either mitiga-

tion or adaptation. And finally, the

quadrant in the upper left includes

the potential impacts that are both

too immediate and too severe to be

dealt with through either adaptation

or mitigation; the only possible out-

come is suffering. The actual size of

the suffering quadrant will depend

on society’s ability to achieve the full

potential for mitigation and adapta-

tion within these inherent limits.

Figure 2 provides a conceptual framework for an integrated approach to managing the full climate risk

space, which overcomes the three problems with the single global threshold. First, this framework inte-

grates the full spectrum of potential climate risks. Second, by identifying both the limits and the oppor-

tunities of adaptation and mitigation, it facilitates an integrated approach to solutions. Third, it provides

a structure for considering a diversity of values and risk perceptions rather than imposing a fixed set of

priorities as defined by a global threshold.
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We depict the climate risk management space in Figure 2 in the simplest possible terms to focus on a

broad reconceptualization of the climate challenge. Applying this framework across multiple spatial and

temporal scales will introduce some complexities. For example, where the limits of mitigation and adapta-

tion polt will depend on the context. The limit to mitigation line is plotted relative to any present moment

and will shift with time, moving further to the right until aggressive mitigation measures are adopted. It

could also move to the left for consideration of rapid reductions in emissions of gasses with short atmo-

spheric residence times [Smith and Mizrahi, 2013]; however, over the long-run, the limits of mitigation will

be largely defined by reductions in CO2 emissions [Tebaldi and Friedlingstein, 2013; Shindell et al., 2012].

Similarly, the limits of adaptation may be defined differently by different communities [Adger et al., 2009].

In some applications the limit of adaptation may not plot as a horizontal line. Instead, it could slope down

to the right to account for both the present-day unrealized potential to reduce suffering from the impacts

of current climate variability [Hulme et al., 1999; Adger et al., 2005] and future loss of resilience as impacts

accumulate [Scheffer et al., 2001]. The risk management quadrants framework could also be elaborated to

encompass risks introduced by solar radiation management and other geo-engineering schemes, which

create the potential for rapid changes in the climate system and a suite of unintended consequences

[Ricke et al., 2010].

4. Conclusion

We argue that the notion of a single, global threshold of dangerous climate change, has outlived its useful-

ness as a focus for the climate discourse. In its place, we propose a new climate risk management frame-

work that incorporates the inherent limits to mitigation and adaptation, and links scientific risk assess-

ment with social values and risk perceptions. This risk management quadrants framework overcomes the

problems with the dangerous threshold by restructuring the climate challenge around minimizing collec-

tive suffering, rather than averting a distant catastrophe.

References
Adger, W. N., T. P. Hughes, C. Folke, S. R. Carpenter, and J. Rockström (2005), Social-ecological resilience to coastal disasters, Science,

309(5737), 1036–1039.

Adger, W. N., S. Dessai, M. Goulden, M. Hulme, I. Lorenzoni, D. R. Nelson, L. O. Naess, J. Wolf, and A. Wreford (2009), Are there social

limits to adaptation to climate change?, Clim. Change, 93, 335–354.

Adger, W. N., J. Barnett, K. Brown, N. Marshall, and K. O’Brien (2012), Cultural dimensions of climate change impacts and adaptation,

Nat. Clim. Change, 3, 112–117.

Dessai, S., W. N. Adger, M. Hulme, J. Turnpenny, J. Köhler, and R. Warren (2004), Defining and experiencing dangerous climate change,

Clim. Change, 64, 11–25.

Dow, K., F. Berkhout, B. L. Preston, R. J. T. Klien, G. Midgley, and M. R. Shaw (2013), Limits to adaptation, Nat. Clim. Change, 3, 305–307.

Fischhoff, B. (2007), Nonpersuasive communication about matters of greatest urgency: Climate change, Environ. Sci. Technol., 41(21),

7204–7208.

Friedlingstein, P., and S. Solomon (2005), Contributions of past and present human generations to committed warming caused by

carbon dioxide, Proc. Natl. Acad. Sci. U.S.A., 102(31), 10,832–10,836.

Hansen, J., M. Sato, P. Kharecha, D. Beerling, R. Berner, V. Masson-Delmotte, M. Pagani, M. Raymo, D. L. Royer, and J. C. Zachos (2008),

Target atmospheric CO2: Where should humanity aim?, Open Atmos. Sci. J., 2, 217–231.

Holdren, J. (2008), Science and technology for sustainable well-being, Science, 319, 424–434.

Hulme, M., E. M. Barrow, N. W. Arnell, P. A. Harrison, T. C. Johns, and T. E. Downing (1999), Relative impacts of human-induced climate

change and natural climate variability, Nature, 397(6721), 688–691.

Kahan, D. (2010), Fixing the communications failure, Nature, 463(7279), 296–297.

Kahan, D. M., M. Wittlin, E. Peters, P. Slovic, L. L. Ouellette, D. Braman, and G. N. Mandel (2011), The tragedy of the risk-perception

commons: Culture, conflict, rationality conflict, and climate change, in Temple University Legal Studies Research Paper No. 2011–26,

doi: 10.2139/ssrn.1871503.

Keller, K., G. Yohe, and M. Schlesinger (2008), Managing the risks of climate thresholds: Uncertainties and information needs, Clim.

Change, 91, 5–10.

Klein, R., J. Sathaye, and T. Wilbanks (2007), Challenges in integrating mitigation and adaptation as responses to climate change,

Mitig. Adapt. Strat. Glob. Change, 12, 639–962.

Lorenzoni, I., N. F. Pidgeon, and R. E. O’Connor (2005), Dangerous climate change: The role for risk research, Risk Anal., 25(6),

1387–1398.

Mann, M. (2009), Defining dangerous anthropogenic interference, Proc. Natl. Acad. Sci. U.S.A., 106, 4065–4066.

McKibben, B. (2012), Global warming’s terrifying new math, Roll. Stone, 2.

Metz, B., O. R. Davidson, P. R. Bosch, R. Dave, and L. A. Meyer (Eds) (2007), Contribution of Working Group III to the Fourth Assessment

Report of the Intergovernmental Panel on Climate Change, Cambridge Univ. Press, Cambridge, U. K.

Nisbet, M. C., and T. Myers (2007), The polls-trends twenty years of public opinion about global warming, Public Opin. Q., 71(3),

444–470.

Ostrom, E. (2000), Collective action and the evolution of social norms, J. Econ. Perspect., 14, 137–158.

Parry, M. L., O. F. Canziani, J. P. Palutikof, P. J. van der Linden, and C. E. Hanson (Eds) (2007), Contribution of Working Group II to the

Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge Univ. Press, Cambridge, U. K.

Acknowledgments

We thank Mike Hulme, James Ris-

bey, and two anonymous reviewers

for thoughtful critiques and helpful

suggestions. We also thank Pamela

Matson, Michael Mastrandrea, and

Scott Field for helpful comments on an

early draft.

LUERS AND SKLAR © 2013 The Authors. 4

http://dx.doi.org/info:doi/10.2139/ssrn.1871503


Earth’s Future 10.1002/2013EF000192

Randalls, S. (2010), History of the 2C climate target, WIREs Clim. Change, 1(4), 598–605.

Ricke, K. L., M. G. Morgan, and M. R. Allen (2010), Regional climate response to solar-radiation management, Nat. Geosci., 3(8),

537–541.

Risbey, J. S. (2006), Some dangers of ‘dangerous’ climate change, Clim. Policy, 6(5), 527–536.

Scheffer, M., S. Carpenter, J. A. Foley, C. Folke, and B. Walker (2001), Catastrophic shifts in ecosystems, Nature, 413(6856), 591–596.

Shaw, C. (2009), The dangerous limits of dangerous limits: Climate change and the precautionary principle, Sociol. Rev., 57(s2),

103–123.

Shindell, D., J. C. Kuylenstierna, E. Vignati, R. van Dingenen, M. Amann, Z. Klimont, and D. Fowler (2012), Simultaneously mitigating

near-term climate change and improving human health and food security, Science, 335(6065), 183–189.

Smith, S. J., and A. Mizrahi (2013), Near-term climate mitigation by short-lived forcers, Proc. Natl. Acad. Sci. U.S.A., 110(35),

14,202–14,206.

Tebaldi, C., and P. Friedlingstein (2013), Delayed detection of climate mitigation benefits due to climate inertia and variability, Proc.

Natl. Acad. Sci. U.S.A., 110(43), 17,229–17,234.

Vasconcelos, V. V., F. C. Santos, and J. M. Pacheco (2013), A bottom-up institutional approach to cooperative governance of risky

commons, Nat. Clim. Change, 3(9), 797–801.

Weber, E. U., and P. C. Stern (2011), Public understanding of climate change in the United States, Am. Psychol., 66(4), 315–328.

Wetherald, R. T., R. J. Stouffer, and K. W. Dixon (2001), Committed warming and its implications for climate change, Geophys. Res. Lett.,

28(8), 1535–1538.

LUERS AND SKLAR © 2013 The Authors. 5


