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Abstract

This paper considers negative emissions—the deliberate removal of greenhouse gases from the
atmosphere by human intervention—as a future-oriented imaginary of connected social and
technological order. It does so in order to examine how expectations around the development
and use of negative emission technologies are managed with the help of integrated assessment
models (IAMs). By treating this family of models as a case study for drawing out historical associa-
tions between the terminology of risk saturating the discourse of net-zero emissions and the mod-
ern conception of the future as an unexplored territory to be profitably colonized, the paper
argues that integrated assessment modeling, as a praxis of forecast, structure and organize our
experience of the future through standards of risk management and utility maximization. It con-
cludes that to consider risk as a means of navigating between possible futures is to engage with
practices that are enacted in the name of a particular understanding of how one ought to act
in the face of deep uncertainty. Aside from epistemic questions of how to treat various kinds
of uncertainties inherent to |IAMs, of pressing concern are thus also normative questions of
how its representation of environmental hazards in terms of risk are distinctively writing the con-
tours of our contemporary forms of responsibility toward nature, each other, as well as future
generations.
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Political investment into the sociotechnical imaginary of negative
emissions

Future global warming is highly contingent upon the amount of greenhouse gases (GHGs) that will
continue to be released through to the end of the 21st century (Allen et al., 2009). Actions that could
stabilize the climate as desired have increasingly come to include the deliberate removal of GHGs
from the atmosphere by human intervention, also known as “negative emissions” (Viner and
Howarth, 2014). Such anthropogenic removals refer to the active withdrawal of GHGs from the
atmosphere and include the artificial enhancement of biological sinks of carbon dioxide (CO,) as
well as the chemical and technological engineering of long-term removal and storage. One
aspect that is particularly curious about negative emissions is the relatively prominent status that
this idea has been ascribed in integrated assessment models (IAMs), especially since expectations
of the future role to be played by such technologies far exceed the current state of the infrastructure.

As they provide a means to explore emission scenarios in meeting climate targets, IAMs have
been at the heart of the Intergovernmental Panel on Climate Change’s (IPCC) assessment of path-
ways toward keeping average global warming to less than 2°C above pre-industrial conditions
within this century (Bui et al., 2018: 1065-1066). In 2014, Working Group Three (WG3) of the
IPCC presented four Representative Concentration Pathways (RCPs) developed from over a thou-
sand alternative emission scenarios, where approximately half of them included a significant con-
tribution from negative emission technologies (NETs), potentially to the detriment of more
ambitious levels of mitigation in the near-term (Fuss et al., 2014). Although varying widely
within a range of 600-3050Gt of CO,, a model intercomparison project based upon the expecta-
tions generated by no less than eighteen different IAMs found that the modeled use of technologies
for carbon capture and storage (CCS) was projected to a minimum of 600Gt being captured and
stored by 2100 (Koelbl et al., 2014), which is an amount equal to more than half of the emissions
reductions required to limit average global warming below 2°C (Bui et al., 2018: 1067). It goes
without saying that huge upscaling efforts will be needed to reach this level. Hence, the starting
point of this paper is that “negative emissions” is not exclusively the term for a set of proposed tech-
nologies for managing climate change, nor for a design-oriented research agenda about the feasi-
bility and efficacy of their deployment. Rather, it is at least as crucial to examine negative
emissions as a ‘“sociotechnical imaginary” (Jasanoff, 2015); namely, as an imagined form of
social order that center on the expected development and fulfillment of innovative scientific and
technological projects, connecting technical concerns about risk assessment and cost-effectiveness
to visions about the kind of society we want to live in and how we imagine our relationship to the
natural world (Anshelm and Hansson, 2014).

Considering that the current rate of CCS deployment is already falling short of the 2°C pathway
(IEA, 2016: 67-69), all the while they are yet to be demonstrated on a commercially viable scale,
policymakers are entering a terrain of significant uncertainty and considerable risk should they
come to rely upon this sociotechnical imaginary. To begin with, none of the NETs that figure in
[AMs with the explicit purpose of balancing emissions currently exist anywhere near the scale
required to meet the projected amount of GHGs to be captured and stored as per the IPCC’s
RCPs. Secondly, many of these technologies are likely to face a range of economic, institutional,
and social hurdles to large-scale adoption (Buck, 2016; Muratori et al., 2016; Muri, 2018). This
suggests that we are still at the stage in the development of NETs in which the management of
expectations constitutes the main battlefield upon which our climatic as well as political economic
future on this planet is now being decided (Carton, 2019: 751-752). Even more striking, then, is the
prominence ascribed to CCS in scenarios assessed by WG3, and the magnitude of the expected role
to be played by NETs in the projected de-carbonization pathways of the IPCC. Something that
ought to concern us is thus how NETs have been mobilized within IAMs, particularly in relation
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to the discursive structure that governs their production of knowledge, but also with regards to their
impact on the global governance of our planetary environment. It is arguably at the interface
between science and policy that the question of the influence of non-epistemic values on knowledge
production, and the normative dimension of future making, is most striking. Yet, the discursive con-
ditions for the construction of the sociotechnical imaginary of negative emissions in IAMs have
received surprisingly scant attention. When it comes to global environmental assessments in
general, the link between foresight and governance—such as the implications of an increasingly
future-oriented and explorative mode of producing knowledge for the structure of the political
process of decision-making—has been insufficiently researched, remains badly understood, and
consequently requires further exploration (Lovbrand, 2004; Vervoort and Gupta, 2018). It is this
absence in the existing literature on negative emissions that the present paper seeks to address.

Integrated assessment models as epistemic technologies

In order to clarify what is at stake in this paper, it might be useful to draw upon a slightly modified
version of Carton’s (2019: 751-752) analytical distinction between (1) technical concerns with the
potential risks, opportunities, and trade-offs of specific NETs; and (2) interpretative concerns with
the discursive construction of a so-called “horizon of expectation” (Koselleck, 2004: 255-275)
against which such a technological fix may be framed as a solution to a warming climate, and
the social implications of global warming subsequently made intelligible in terms of risks, oppor-
tunities, and trade-offs (See also Schneider, 1997: 230). To insist on the latter of the two—which I
will do herein—is to stress that whenever one is immersed in technical concerns, there is already a
terminology in use; and moreover, that such terminology draws upon the semiotic well-spring of a
larger discourse. A pressing albeit yet under-researched avenue is thus the question concerning the
discursive formation of a coherent set of techniques and technologies that defines integrated assess-
ment modeling as an epistemic community (Haas, 1990: 349-354). Granted that such assessments
produce explorative projections of the future, they do so based on a set of discursively inscribed
rules that govern the “temporal structure” (Koselleck, 2004: 93-97) that policymakers then must
relate to. Indeed, leaving aside the ontological question about the ubiquity of the nature of time,
human experiences of temporality are culturally specific. As has been argued by the geographer
David Harvey, our conception of time is not merely a framework of material practices but an essen-
tial element of the constitution of political action and social reproduction. Rather than a universal a
priori form of sensible intuition, there is a cultural dimension to temporality that is dependent upon
collective action and interaction. “Each social formation,” Harvey (1990: 419) writes, “constructs
objective conceptions of space and time sufficient unto its own needs and purposes of material and
social reproduction and organizes its material practices in accordance with those conceptions.” In
other words, the cultural structuring of the experience of time generates certain social patterns and
relationships, with consequences for the values held and the prospects perceived (Harvey, 1989:
201-210).

To understand the role played by integrated assessment modeling in the construction of the
sociotechnical imaginary of negative emissions, the aim of this paper is to examine the relationship
toward the future established by IAMs in their role as epistemic technologies. This is to acknow-
ledge that negative emissions, as an imaginary, has taken shape in a scientific—as well as, partly, a
legal, political, and administrative—culture (Hulme, 2015: 9), and therefore has an intellectual
history that forms the substrate out of which beliefs, claims, and disputes about the feasibility
and desirability of NETs emerge (Hulme, 2017). As a set of social practices, such knowledge-
producing techniques and technologies do not merely offer useful information but mobilize the
future as a strategic resource for the sake of shaping present-day arrangements—be they social, cul-
tural, political, technological, or economic (Jasanoff, 2020; Saltelli et al., 2020). “What is of interest
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here,” to quote Beck and Mahony (2017: 2), “is the performativity of scientific assessment — that is,
the ability of particular descriptions of the world to act upon, transform or bring into being the
objects they describe, not just through the direct informing of policy decisions, but through the
wider conditioning of the world[.]” Such an approach takes interest in how the negotiation of
the role of negative emissions in IAMs is governed by a particular way of looking at the world,
a particular understanding of how to grasp the world scientifically, and a particular understanding
of how it is fundamentally constituted. It requires taking seriously on its own terms the raison d’étre
of integrated assessment modeling so as to carefully examine the conditions upon which NETs
become a meaningful vehicle for political decision-making—thereby opening a field of possibilities
for social change, albeit simultaneously also restraining the same field in accordance with its under-
lying rationale.

Of course, building a coupled climate—economy model inevitably involves normative judgments
—judgments that are paramount in articulating the kind of futurity that we are then held accountable
toward. The amendment of NETs to the coupled climate-economy models’ technology portfolio is
an excellent case in point, for the problem of investment project selection evidently necessitates a
prospective as well as a prescriptive view. Which projects, for instance, should be implemented to
maximize intergenerational welfare? Clearly, the solution to this problem relies, among other
things, on a particular understanding of, and on certain beliefs about, the social and material dynam-
ics of our late capitalist societies and their underlying drivers of global change (IPCC, 2014: 364—
385). It also requires an implicitly agreed upon definition of sustainable development (IPCC, 2014:
292), as well as a shared methodology to translate such concepts into operational rules for asset
pricing (IPCC, 2014: 225-234). Exploring the cost-optimal pathways to reach set targets, such
models are constrained not only by climatic parameters and dynamics, nor even by a wide range
of assumptions about the global price of carbon and a perfect global market, but also by a
horizon of expectation against which future emissions may become governable in financial terms
of a carbon budget and made available for practices of risk management. Hence, my objective is
neither to offer solutions nor to propose definitions, but rather, in the words of Daston (1994:
284), to raise “[...] the Kantian question about the preconditions that make thinking this or that
idea possible.” In short, given that IAMs establish a certain experience of time by means of a dis-
cursively inscribed relationship toward the future, I am interested in the temporal structure of nega-
tive emissions. Against the background of which “time horizon,” to borrow an expression from
Harvey (1990: 420), do negative emissions become a meaningful imaginary?

Computer-based simulation and the significance of subjective
probabilities

So, what kind of knowledge is it, then, that IAMs produce, and what are its implications for
the temporal structure of negative emissions? Well, we may begin by noting that IAMs are a
family of computer models that have sought to couple biophysical with socioeconomic
systems to capture the interaction between climate and economy (IPCC, 2014: 50; IPCC,
2018: 100). Although integrated assessment modeling as a designation is often used to
describe the development of a wide range of models that may vary considerably in the
ways in which they work and the questions that they can answer (Kelly and Kolstad, 1999;
Parson and Fisher-Vanden, 1997), there have nevertheless been, broadly speaking, two
main types involved in articulating the sociotechnical imaginary negative emissions.
Firstly, a type of highly-aggregated cost-benefit IAMs modeled to calculate the so-called
“social cost of carbon” (SCC); that is, the quantifiable costs and benefits of carbon dioxide
emissions in monetary terms, so as to estimate the optimal mitigation level utility-wise,
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relative to economic costs of climate impacts. Secondly, a process-based type of stochastic
IAMs that link modules representing the social and economic factors that drive GHG emissions
with the atmospheric and biogeochemical factors that determine its resultant effect on human
welfare (Weyant, 2014; Wilson et al., 2017). These two types of IAMs differ in their degree
of complexity as well as in their intended use (Weyant, 2017: 116-124). The former will
always produce the same output from a given starting condition or initial state. Often, they
use a particular type of Monte-Carlo simulation: Drawing values for a set of uncertain para-
meters from a joint distribution, simulating each draw in the model, and then averaging
results and presenting mean, variance, percentiles, etc. It is crucial to recognize that these
models are essential technologies for exploring possible future outcomes for a given policy,
not to prescribe an optimal policy (Crost and Traeger, 2013). Meanwhile, the linkages built
into the latter type of IAMs means that they are, on the contrary, able to simulate large ensem-
bles of scenarios in order to explore poorly understood or previously unanticipated conse-
quences—such as co-benefits, policy synergies, and cascading effects—and thereby generate
policy options whose performance is maximally insensitive to various associated uncertainties.
Their objective is to give as good estimation as is presently possible of the probabilities char-
acterizing the residual risks of deciding what mitigation strategies to invest in and when
(Lempert et al., 2004: 4-5).

Epitomized by the IPCC as an organization operating at the interface between climate
science and international policymaking (Miller, 2004), such a mode of producing knowledge
has conventionally been termed “post-normal” (Funtowicz and Ravetz, 1992; Haikola et al.,
2019a: 47-49). In fact, reasoning based upon subjective probability has increasingly come to
be recognized as an indispensable tool for dealing with issues “[...] where facts are uncertain,
values in dispute, stakes high and decisions urgent” (Funtowicz and Ravetz, 1993: 744); and
seeing as climate change is the quintessential wicked problem of our age, the post-normal is
more likely, in this case, to become accepted as the new normal. For while it is certainly
true that objectivity remains the ideal even for the climate sciences, the fact that the knowledge
we can gain from these models has enormous public policy implications thereby also necessi-
tates an entirely different kind of responsiveness to policymakers’ needs for expert judgment,
whom are in such a position that they do not have the luxury of putting off decisions indefinitely
(Nordhaus and Popp, 1997; Ravetz, 1987). Since these are questions that involve scientific
knowledge and its present limits, modelers are encouraged to provide assessments that are
built on highly uncertain findings of the best available research “[...] at a particular time,
given the information currently available, even if those judgments involve a considerable
degree of subjectivity.” (Moss and Schneider, 2000: 36). This is made especially palpable in
regard to the kind of knowledge that IAMs produce; namely, projections which, as integrated
assessment modelers themselves have been keen to point out (Haikola et al., 2018: 22-23), are
subject to varying degrees of structural and parametric uncertainty (Foley, 2010: 651-653;
Gillingham et al., 2018; Winsberg, 2010: 100). Since such model-outputs can be evaluated
only in comparison with other models and in conjunction with historical data (Oreskes et al.,
1994), integrated assessment modeling has been characterized as a pragmatic effort to map
out the sample space of possible climate futures (Ackerman et al., 2009: 297; Weyant, 2017:
117). By assuming that a distribution from members of the ensemble of models will asymptot-
ically approximate the probability of random variables by indexing the dimensions of a recur-
sive blind-spot (Saltelli et al., 2015: 81-82; Van Vuuren et al., 2014: 383-384), the aim is to
explore the structural difference between the various modeled climate-economy systems.

Although the distinction between structural concerns on the one hand and parametric concerns
on the other is a simplification of the distinct types, nature, and nuances of uncertainty that scientists
and policymakers must deal with in the context of global environmental assessments (See, for
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instance, Beck and Krueger, 2016; Haikola et al., 2019b; Mehta et al., 2021; Mehta and Srivastava,
2020), a more comprehensive treatment of the diverse understandings, politics, and implications of
uncertainty in such assessment processes lies outside the scope of this paper. Instead, it suffices to
note that [AMs are built in the face of pervasive uncertainty and that modeling choices determine
how the current state of knowledge about the elements and processes of various systems is repre-
sented. “Most fundamentally,” the authors of WG3 of the IPCC acknowledge in their technical
summary:

integrated models are simplified, stylized, numerical approaches for representing enormously complex
physical and social systems, and scenarios from these models are based on uncertain projections about
key events and drivers over often century-long timescales. Simplifications and differences in assump-
tions are the reason why output generated from different models — or versions of the same model —
can differ, and projections from all models can differ considerably from the reality that unfolds.
(IPCC, 2014: 58).

While output may vary greatly depending on the characteristics of the models—reflecting
their translation of concepts into operational variables as well as the underlying assumptions
they proceed from—the idea is that their simulation en masse nevertheless may provide indica-
tions of findings that are “robust” across models and different assumptions (IPCC, 2014: 172—
173. See also Lempert et al., 1996, 2004; McJeon et al., 2011). Robustness, in this context, is a
technical criterion that designates a formal response to conditions where experts disagree about
structural choices in the construction of models or the prior probability distributions for the key
input parameters to those models. In such cases, the pragmatic solution is understood to be one
of characterizing the vulnerabilities of various strategies to evaluate the trade-offs between
them (Lempert et al., 2006; Van Bree and Van Der Sluijs, 2014). For the purposes of
IPCC’s Fifth Assessment Report (ARS5), there were thus no less than 1888 scenarios collated
from integrated modeling teams around the world (IPCC, 2014: 8nl12, 10, 51). In this
manner, precisely by taking advantage of the marriage of calculus with probability through
the aid of sophisticated computer technology, the idea is that [AMs, although they are not
built to confidently prescribe specific requirements for climate goals to be met, may neverthe-
less provide policymakers with a “map” to probabilistically navigate the trade-offs and conse-
quences related to various scenarios based upon an iterative and adaptive process of robust
decision-making (Edenhofer and Kowarsch, 2005; Haikola et al., 2019b; Workman et al.,
2020). In the words of WG3, summing up their contribution to the AR5, the task of integrated
assessment can thus be understood as an “[...] explor[ation] [of] the solution space of climate
change mitigation drawing on experience and expectations for the future,” wherein one of the
“[...] four major pillars to this cartography exercise” consists in “risk management” (IPCC,
2014: ix).

What is astonishing about the above description is that it manages to tick most of the boxes of
what sociologists of modernity, such as Beck (1992: 50), have found characteristic of “[...] the
change in the [...] views of reality and in the norms of knowledge” that defines the emergence
of so-called “risk society.” In order to grasp what is discursively at stake in the knowledge produc-
tion of integrated assessment modeling, we shall therefore do well to first put this set of epistemic
techniques and technologies in the context of the cultural shift to the experience of the future that
pertains to modern developments to computation. In particular, we will focus on the concomitant
success of a quantitative attitude that subverted futurity’s heretofore end-oriented trajectory in favor
of the metaphor of an unexplored territory to be pragmatically charted through the art of probabil-
istic navigation.
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Charting out futures against a time horizon of risk

The intellectual history of risk management is situated at the intersection between mathematical and
statistical experimentation on the one hand and commercial interests on the other (Bernstein, 1996,
1998). What sets the notion of “risk” in risk society conceptually apart from premodern practices of
mitigation is that it acquired, in modernity, a profitable or expedient sense. For throughout most of
Western history, the notion of the future as a frontier to be potentially exploited has been the excep-
tion rather than the rule. Up until late-medieval society, mitigation was limited to external risks; that
is, to buffers against the capriciousness of nature, such as improvements to the surpluses of agricul-
ture and the fortifications of townships, reinforced by piecemeal advances in areas such as crop spe-
cialization, rotation systems, and new methods for managing wind and water, all in order to offset
natural disasters like famines, droughts, and storms (Merchant, 2016: 64—67). A noticeable absence
of the profitability of risk prior to the 16th and 17th centuries is telling because it is contingent upon
an impossibility, similarly prior to this juncture, to conceive of unanticipated long-term benefits or
costs associated with the notion of certitude as, at best, an approximation (Moynihan, 2020b: 234—
235).

Late-medieval commercial bookkeeping is often cited as an explanation of this kind of shift, and
so too is Fibonacci’s 13th-century explication of Modus Indorum arithmetic alongside the introduc-
tion of place-value notation (Devlin, 2011). Nevertheless, it also concerns a wider ontological step
away from the organic lifeworld, with its tangibly apparent intervals of cyclical time, and toward, in
its place, abstract formalizations suitable to the iterative mechanism of time-stepping procedures.
Articulated in the new fields of probability and statistics, the de-semantification wrought by
number as an operative scheme stimulated a gradual move away from belief in fate and divine
providence. With its roots in the 16th-century polymath Gerolamo Cardano’s proficiency in gam-
bling and his interest in the odds of the dice game of hazard (Beck and Kewell, 2014: 18; Hacking,
2006: 122-133), the concept of equipossibility rendered what had previously been apprehended as
impenetrable fortuna subject to mathematical experiment (Reith, 2004: 388). What the historical
intersection between the emergence of probability and the newly attendant willingness to speculate
on the future indicates is that the future could only be rendered instrumentally useful after it had
been relinquished from the fetters of qualitative contentfulness and instead submitted to the
purely quantitative computability of formal systems. In short, the future could become intelligible
as an open-ended frontier first in the wake of having been stripped of self-presenting
meaningfulness.

Noteworthy, here, is the wider reconfiguration of the subject’s relation to the future; namely, one
wherein the concepts and norms in accordance with which futurity comes into view themselves
become subject to risk assessment, precisely because the future is imagined to be inherently indif-
ferent to value-laden meaning. Although first inaugurated by the 17th century mathematician
Jacques Bernoulli as “subjective probability” (Hacking, 2006: 146-147), there had already been
a growing interest—at least since Blaise Pascal’s famous Wager extrapolated Cardano’s conception
of a sample space beyond the domain of dice games to conduct risk-benefit analyses concerning
issues of religious belief—with how, in general, to accurately assign, from observed effects, prob-
abilities as the precise measurement of one’s confidence in reasoning upon unobserved causes.
Using “uncertainty” to refer not to things but rather to the mechanics of inference itself (Daston,
1988: 226-295), the 18th-century articulation of subjective probability expedited this longue
durée loss of epistemic foundations. It indicated that one does not reason, analytically, from
secure certitudes, but only infinitely approximates certitude by employing numerical values to
track one’s confidence or degrees of belief regarding the unknown, and then pragmatically
update one’s opinions relative to the incoming data (Carnap 1962: 182-187). Thusly, the
Presbyterian minister Bayes (1763: 392-393) later wrote of the need for a rule of inference
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“[...] in the case of an event concerning the probability of which we absolutely know nothing ante-
cedent to any trials made concerning it,” leading him to produce the first domain-agnostic rule for
reasoning under uncertainty.

Crucially, this procedure marks uncertainty as epistemically informative rather than something
to be eliminated. For if one can find a way to estimate one’s own ignorance, then one can also
reason productively upon threats entirely beyond experience, precisely because a lack of experience
can be grasped as itself a measurable threat. Risk, thereby, is conceptually detached from the fre-
quentist concern with bounded objective regularities and instead expands to become the subject’s
comprehending optic in accordance with which the future comes into view. By gradually rendering
unknown unknowns into known unknowns—or, at the very least, by acknowledging that the sub-
jective position of observation is itself bound up with risk (Moynihan, 2020a: 9)—such a break with
circumspect foundations empowers the human only in exact step with ever further immersing it in a
field of global risk. In this self-reinforcing manner, the internal dynamics of an increasingly future-
oriented culture tend to generate new and ever more intractable, encompassing, and complex forms
of hazard—a phenomenon that Giddens (1999a: 4-10) has called “the manufacture of risk.” As
opposed to external risk—experienced as coming from the outside and caused by nature, such as
bad harvests, floods, and famine—manufactured risks are generated by the activities of humans.
This is why Beck (1992: 21) similarly defines risk as “[...] a systematic way of dealing with
hazards and insecurities induced and introduced by modernization itself.” As the subject seeks to
elucidate, to itself, the extent of its own incertitude, the modern acknowledgment of limits to knowl-
edge reformulates “finitude” from that of ignorance about external risks to that of insight about
internalities (Ewald, 1991: 199). Given these newly strengthened sensitivities to the scope of lim-
itations upon its own experience, the subject institutes the conditions that motivate, on its part, a
pragmatic and self-correcting pursuit of increasingly efficient problem-solving (Lyotard, 1984:
41-47).

In the modern sense, risk thus denotes the usefulness for the subject to track its confidence in its
own predictions of strategic utilities and affordances. As opposed to confidence in a world com-
pletely insulated from hazards, a risk society seeks instead to render itself sensitive to the internality
of threat to mitigation. “To know risk, to find a capacity to calculate uncertainty, in these terms” is,
to quote Amoore (2013: 71-72), “not at all the same as knowing dangers, recognizing threats, or
averting uncertain futures. [...] [Because] to achieve complete security, absolute knowledge of
the future and all it holds, would be to fail to capitalize on the potential rewards.” Whereas the
ideal of a perfect forecast seeks to eliminate the unpredictability of futural events under infallible
anticipation and thereby to cancel risk altogether, a risk society is on the contrary one which is
not only keen to, but fundamentally reliant upon, harnessing ever new uncertainties and insecurities
as domains for further expansion. To view the future against a time horizon of risk is not to seek
security but to render the future securable; namely, to embrace futurity’s riskiness in order to
afford sufficient securability for rewards to be realized even in the face of a constantly lingering
possibility of loss (Baker and Simon, 2002: 1-22).

Along with the birth of calculus and probability, then, the future suddenly became subject to
entirely novel mechanisms of power. For by treating the future as a colonial outpost, it can
either be utilized as a temporal dumping ground for negative externalities—such as environmental
degradation and public debt—or as a potential source of profit by establishing a futures exchange
that allows for the creation and transaction of derivatives (Boden, 2005: 190-192; Giddens, 1991:
133; Lysandrou, 2016). As the maximization of profit became an increasingly important exercise of
power, the future, in step with epistemic techniques of knowledge production bent on rendering it
functionally useful for instrumental exploitation, was thus mapped out in a manner akin to that of a
trade route. Since economic benefit lay in insuring one’s business against, as well as speculatively
seizing upon, futurity’s riskiness, it was henceforth unavoidable that such a mapping would become
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increasingly comprehensive and sophisticated. In order to gain a competitive advantage over others
on the market, economic concerns such as rates of profit, interest, and wages thereby rationalized
the heterogeneous time of the medieval scholastics and encouraged the conception of it as some-
thing homogenous and universal instead, bringing about a revolution “[...] in mental structures
and their material expressions.” (Le Goff, 1980: 35). With its new location in the abstract institu-
tions of commerce, the future was liberated from the symbolic representation of higher meaning and
separated from its interdependence with place (Reith, 2004: 388).

Accordingly, the mid-16th century represents the first time that “risk” entered the English
lexicon. First used by long-distance maritime explorers as they set off on an expansive search
for new territories to feed burgeoning capitalism, the modern concept of risk then infiltrated the pro-
fessional lexicon of seafaring traders and their financial benefactors (Nacol, 2016: 2). Indeed, “risk”
seems to have entered the English vocabulary through either Spanish or Portuguese, where it was
employed to refer to hazards specific to the context of sailing into previously uncharted waters.
Since its inception, risk in the modern sense thus had an orientation to geographical space, tied
to the business of marine insurance (Ewald, 1993: 226; Giddens, 1999b: 1). As this spatial
image was transferred to the temporal domain—primarily through its usage “[...] in banking and
investment, to mean calculation of the probable consequences of investment decisions for bor-
rowers and lenders,” and from which it “[...] subsequently came to refer to a wide range of
other situations of uncertainty” (Giddens, 2000: 38-39)—the practice of risk management
became a carrier of a built-in tendency to spatialize time (Gross, 1981). Suddenly, with a coeval
explosion of insurance industries, alongside the maturation of financial markets and practices of
speculation, the very “space” of the future had become a profitable territory and risk a lucrative
business (Moynihan, 2020a: 8). From thereon, the institution of insurance exploded during the
late medieval commercial revolution, finally reaching its full development as a commercial
concept in the 18th century (Bernstein, 1998: 92). Parallel to a new protestant ethic flowing out
of the Lutheran reformation (Maier, 1987: 154; Weber, 1992), the future increasingly came to
resemble a terra incognita—one to be mapped out for the sake of profit-seeking.

Constituting the social cost of carbon as a bundle of securable assets

Institutionalized in the burgeoning insurance industry, it was this particular notion of risk that, as
the 19th-century economist Léon Say (quoted in Ewald, 1991: 199) noted, became “[...] the very
object of [the] type of contract” that the modern subject as homo economicus entered in the market
for security. It was through this shift toward an economic conception of the human as an atomistic
individual making investment decisions based on rational calculations of how to maximize utility
from a point of self-interest, that Foucault (2008: 283), in his lectures on the modern reorganization
of governmental practices, identified the associated emergence of novel techniques and technolo-
gies designed specifically to exploit the internality of threat to mitigation by means of a logic of
insurance. Such a conception places a particular philosophical anthropology of the human as an
economic subject at the basis of politics, and then, with reference to our human nature, it refigures
the operative terms of society from that of rights and laws to interest, investment, and competition.
Accordingly, the discourse of risk management “[...] becomes an entire way of life, a common
sense in which every action can be charted according to a calculus of maximum output for
minimum expenditure.” (Read, 2009: 31, my italics). In short, everything comes into view as a
potential asset (Foucault, 2008: 267-268). As resonating forms of power, these techniques and
technologies transformed risk from that of a mere impediment to a potential prospect, which
would prove highly innovative since it offered a means of harnessing the profitability associated
with uncertain futures. By interpreting the logic of insurance as a general “[...] scheme of ration-
ality, a way of breaking down, rearranging [and] ordering certain elements of reality[;] [...]
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[namely,] a certain type of rationality: One formalized by the calculus of probabilities,” Ewald
(1991: 199) has observed that the modern concept of risk is intimately tied to a wide-ranging cul-
tural shift whereby “[...] gaming becomes a symbol of the world.” According to Ewald, such insur-
ance technologies do not only passively administer risks; they actively generate them as economic
opportunities in accordance with a speculative marketplace of asset-backed securities (Dillon,
2008; Ewald, 1991: 198-200). “By objectivizing certain events as risks,” he notes, “insurance
can invert their meanings: It can make what was previously an obstacle into a possibility.
Insurance assigns a new mode of existence to previously dreaded events; it creates value.”
(Ewald, 1991: 200. See also Martin, 2007: 67).

Now, looking at the temporal structure of negative emissions, and at how this sociotechnical
imaginary has been constructed in IAMs, the modern concept of risk is crucial for understanding
why and how NETs have been modeled therein as the potential realization of the idea of carbon
neutrality; that is, net-zero emissions. In the context of contracting carbon budgets, including the
rate and scale of mitigation required to remain within these budgets, the ability to remove CO,
from the atmosphere and store it for extensive periods of time theoretically also enables overspend-
ing (Mander et al., 2017: 6038); and to overspend, in turn, is to wager on a certain expected rate of
future economic growth to pay for mitigation and adaptation. “Negative emissions,” as Carton
(2019: 758) has noted, therefore:

take the carbon budget concept to its inevitable conclusion, by accounting not just for carbon “expen-
ditures” (that is, emissions), but also a range of proposed carbon “incomes.” This idea takes its inspir-
ation from a number of biological (e.g. photosynthesis) and chemical (e.g. weathering of rocks)
processes that remove CO, from the atmosphere, and imagines that these could be deployed at a
massive scale in order to make a limited carbon budget stretch further.

It is the option to overspend a carbon budget that has made NETs attractive as a means of delay-
ing and thereby discounting mitigation costs, because it potentially enables more ambitious targets
to become feasible at the same cost—or less—than presently possible (Friedlingstein et al., 2011;
Huntingford et al., 2012; Rogelj et al., 2015; Van Vuuren et al., 2013; Van Vuuren and Riahi,
2011). Progressively “buying time” by borrowing GHG emissions from the future, the conceptual-
ization of negative emissions may in this manner justify a delay in peak emissions or even facilitate
an overshoot of atmospheric GHG concentrations (Huntingford and Lowe, 2007: 829). Importantly,
this is because integrated assessment modelers rely upon a utilitarian understanding of value
(Ackerman et al., 2009: 300). In order to maximize it across generations, they then invoke
subjective-probabilistic estimations about the relative returns on a set of alternative investments,
which, when weighted against an expectation of compound interest, can be likened to a risk assess-
ment of how much utility may be gained or lost by further delaying mitigative repayment in the face
of uncertain futures. “The logic,” to quote the climate economist Nordhaus (2007: 687):

is straightforward. In a world where capital is productive, the highest-return investments today are pri-
marily in tangible, technological, and human capital, including research and development on low-
carbon technologies. In the coming decades, damages are predicted to rise relative to output. As that
occurs, it becomes efficient to shift investments toward more intensive emissions reductions.

Resorting to a technique of discounting, a lot of the ensuing disagreements in the modeling com-
munity have ultimately come to hinge upon the appropriate rate against which to calculate the real
return on capital (Arrow et al., 1995: 1-2; Emmerling et al., 2019; Stanton et al., 2009: 173-175).
While a larger discount results in a greater return, a higher rate of interest paid on debt also equates
with a higher level of risk. In order to judge whether the present value of a bond is either over or
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underestimated, the SCC calculated from these priors must thus be informed by simulating it
against the background of the coupled climate—economy system to explore any unanticipated out-
comes, and then, in a Bayesian manner, update the priors accordingly (Moss and Schneider, 2000:
36; Rogelj et al., 2013; Rotmans and Van Asselt, 2001: 48).

At first glance, this does not seem to constitute a challenge to the classical scientific ideal of
value-neutral theory. It even underlines that the role of integrated assessment modelers is not to val-
idate or reject scenarios but merely to assign probabilities to them (IPCC, 2014: 40). Once modelers
have assigned probabilities and communicated this information to “rational agents,” it is up to these
agents themselves to decide whether the scenario is worth acting upon. What is more, IAMs have
also been intentionally kept exempt from the task of indicating the feasibility of emission pathways,
because pathways are constrained not only by economic costs and technological development but
also by the controversial question of political acceptability (Jewell, 2019: 349). However, in spite of
such a first impression, is not the discourse of risk management complicit in making sense of the
kind of future in relation to which negative emissions as a sociotechnical imaginary is constructed
in the first place, even before modelers may begin to agree or disagree on technical concerns with
specific NETs? For if the aim of risk calculus is to exploit the internality of threat to mitigation, it
does so indirectly to the detriment of a precautionary attitude toward “[...] ‘tail risk,” that is, the
likelihood or possible impact of a catastrophic climate outcome.” (Pindyck, 2017: 101). As a
matter of fact, critics who have argued that IAMs are “the wrong tools” (Anderson, 2019: 348;
Keen, 2021: 1168; Pindyck, 2013: 860; Stern, 2016) for informing policymakers about pathways
for emissions reductions have pointed to the way uncertainties have been modeled therein; namely,
as a probability distribution, thus disregarding the Knightian distinction between uncertainty and
risk (Saltelli et al., 2015: 83). This is telling, especially in respect to the historical trajectory of
the discourse of risk management that we have traced so far, because it neatly demonstrates the
enduring presence of a whole intellectual genealogy of colonizing the future by restricting our
horizon of expectations to a representation of probabilities.

Using an expression coined by Taleb (2007: 309), one might say that the sociotechnical imagin-
ary of negative emissions suffers from a historically entrenched tendency to relate to the future that
is particularly likely to fall victim to “the ludic fallacy.” Paraphrasing Taleb, the ludic fallacy refers
to an erroneous ontological equivalence between the unstructured randomness of nature and the
structured randomness of games, such that one may come to believe that the unforeseen may be
anticipated by extrapolating from variations in statistics based on past observations, and that one
may therefore “[...] bas[e] studies of chance on the narrow world of games and dice,” and then
model real-life situations accordingly. While systems of probabilistic reasoning enable the survey-
ing and mapping out of possible futures, this is to caution that they are useful as instruments to
leverage risk for financial gain only if the future remains in relative continuity with the past
(Knight, 1964: 313; Stirling, 2007: 309-311). Furthermore, unforeseen contingencies will register
as significant only insofar as they do not entirely disrupt the modeled climate—economy system. But
as should be evident by now, the failure to separate uncertainty from risk is especially vicious when
we are talking about Black Swans the size of global climatic tipping points. Once we are led to
update our priors due to some sudden change in the dynamics of the climate system, we may
already face a catastrophic run-away scenario from which there is no going back. Although an
incremental improvement to our understanding of the global climate system’s response to anthropo-
genic GHG emissions provides us with more accurate odds upon which to wager on the optimal
price for valuing the SCC, the point is that when we are concerned precisely with a changing
climate, the conditions for which these odds have been calculated may suddenly no longer apply.

Since the prudentialism of settled out categories in risk modes that rely upon statistical probabil-
ities are likely to underestimate the emergence of statistically significant events, these two worlds—
of statistical probabilities on the one hand, and emergent possibilities on the other—are difficult to
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hold together (Amoore, 2011). For this reason alone, we would seemingly do well to heed
Amoore’s (2013: 67) proposed distinction between risk probabilities and risk possibilities.
But as Amoore maintains, and which I believe is further confirmed by the case of integrated
assessment modeling, the poverty of probability in anticipating radically different futures
does not therefore signal the limit point of risk calculus. On the contrary, it is precisely
because strict probability tends to occlude the improbable that speculation and inference
have been introduced into such calculative efforts. “The contemporary form of risk calculus,”
Amoore writes, “works hard to keep both in view — the insufficient probabilities that continue to
supply elements of the underlying risk data, and their inferential counterparts of associated pos-
sibilities. It is precisely this work that is the work of the derivative” (Amoore, 2013: 75, my
italics). This may help explain why—despite recurrent references to a whole slew of parametric
and structural uncertainties to which IAMs are subject, both from integrated assessment mode-
lers themselves as well as from their critics—reflections on the epistemic limits of integrated
assessment modeling have generally failed to consolidate into support for a precautionary atti-
tude to emissions reductions. Quite to the contrary, it seems rather have introduced additional
risk-seeking behavior. Faced with uncertainty about what is known concerning the risks of
global warming, prudence has not become a matter of acting effectively to remedy the
source of injury. Instead, our computational machinery of foresight has been employed as a
means of rationalizing not only the delay of action (Low and Boettcher, 2020) but even the vol-
untary exposure to chances of harm, merely because it is implied that there resides in this
chance the possibility of profitability.

Once we put the sociotechnical imaginary of negative emissions in the context of its attendant
discourse of risk management, with its intellectual roots in the conceptual transformation of limits
into opportunities, this kind of ludic rationalization begins to look far less surprising. In fact, “[...] a
willingness to balance relative costs and benefits,” Winner (1986: 145) has noted, “is inherent in the
very adoption of the concept of ‘risk’ to describe one’s situation.” Adopting risk assessment as a
legitimate activity is to define the field of discourse in a way that helps shape the appearance of
the problem, along with the methodological quagmires that are entailed in addressing it “properly’:
Rigorous standards of scientific certainty are emphasized to demonstrate how little is known about
relationships of cause and effect; methods of cost-benefit analyses are brought onboard to fill out the
balance sheets of possible futures; and statistical probability is employed to indicate that the
“rational choice” available is the one that maximizes utility in the face of deep uncertainty
(Winner, 1986: 149-150). As “risk” names an anticipated advantage associated with the intern-
ality of threat to mitigation, there is thus an implicit value judgment at work whenever this kind
of terminology is used in any area of assessment and policy discussion, connected to the pre-
supposition that the source of possible injury is also a source of potential benefits. Viewed
against the time horizon of risk, it is the adaptability to act upon the riskiness of possible
futures—by turning crises into new investment opportunities as they emerge and unfold—
which will appear as the reasonable response toward the demands it puts upon us in the present.

What the derivative introduces, then, is merely the addition of a speculative dimension to
risk calculus’ already entrenched practices of securitability. In fact, the very concept of a
derivative has long been considered to have the same kind of “[...] strangely imaginary or
virtual character” (Arnoldi, 2004: 23) as NETs (Carton, 2020), underscoring the potential
asymmetry between expectations and reality. As it is in the nature of the derivative to allow
for exposure to the risk-reward characteristic of underlying assets without even having to
possess them (MacKenzie, 2009), then by treating NETs as financial securities, speculation
upon their possible implementation may take place without any of them being actualized on
any meaningful scale (Markusson et al., 2017: 3-4, 7). Such a speculative dimension assures
that this imaginary is more than an impotent delusion too, transforming it into a vehicle for
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economic and political consequences. It is, for instance, what allows for the investment bank
Barclays, through the acquisition of the carbon trader Tricorona, to capitalize on its
pre-2012 carbon offset portfolio of 43.7 million tonnes—which itself is only a drop in the
sea of the contemporary $144 billion global carbon emissions economy (Paterson and
Stripple, 2012: 563-564). Coupled with Carton’s (2019: 762) observation that “[...] the
main mechanism by which negative emissions operate is through the temporal deferral of miti-
gation action,” we may surmise that one of the most significant consequences of this sociotech-
nical imaginary has been its successful enrollment of GHG emissions into yet another debt
obligation—one which may thereby be profitably speculated upon on a derivatives market
(Cooper, 2011: 177).

So, whenever negative emissions are enrolled through means of cost-benefit analyses, such rea-
soning ought to raise the question of what kind of subjectivity is implied when risk-seeking behav-
ior is justified in the name of utility maximization, and whom it is that stands to gain from it
(Lovbrand et al., 2015). Because the subjective-probabilistic approach of integrated assessment
modeling highlights the fact that the discourse of risk management that underlies the sociotechnical
imaginary of negative emissions involves a hefty degree of judgment on the part of integrated
assessment modelers to constitute a population against which risk can become calculable by
actively selecting and dividing the risk in question (Beck, 1992: 26; Ewald, 1991: 203). As
pointed out by Ewald (1991: 1999), “[...] nothing is a risk in itself; there is no risk in reality.
But on the other hand, anything can be a risk; it all depends on how one analyzes the danger, con-
siders the event.” The futurologist Lempert et al. (2004: 6) have argued along similar lines, pointing
to the fact that “[...] assess-risk-of-policy is more subjective then predict-then-act because it forces
analysts [...] to explicitly decide, through their choice of strategy, the futures to which they remain
vulnerable.” When it comes to the global climate, however, we must add to Lempert et al.’s obser-
vation that integrated assessment modelers do not merely make the futures to which they them-
selves remain vulnerable, but rather to which we, as inhabitants of the Earth, are all exposed.

To be rendered subject to risk management is thus to be subjectivized in a particular manner
(Adam and Van Loon, 2005; O’Malley, 2010). Insurance against risk functions exclusively
against the backdrop of an average sociological individuality derived from the abstracted mutuality
of a population as a whole (Adam and Van Loon, 2005; O’Malley, 2010): There is by definition no
such thing as individual risk (Ewald, 1991: 202-204). Its very designation, then, indicates that not
everyone is subject to the same degree of risk. In the case of the sociotechnical imaginary of nega-
tive emissions, it is arguably against the backdrop of the abstracted figure of homo economicus that
any such asymmetries in the distribution of risk are tacitly accepted as collateral damage (Ackerman
et al., 2009: 300; Martin, 2007: 137-138; McCollum et al., 2018: 664—666). For it is only on a sys-
temic level and on a global scale that the risk associated with climate change may provide degrees
of economic opportunity. Figured inversely to those who stand to lose on this global insurance
scheme, it is only those who already have a considerable amount of capital to invest that may
profit from it. This is amply evident not only in the case of the commodification of cap-and-trade
systems by means of derivatives (Cooper, 2011: 175), but also in the fact that fossil-fuel giants like
Shell have been among the keenest to see us collectively gamble on the future arrival of NETs
(Carton, 2019: 759-761, 2020). In this manner, actors, whether they be individuals or large cor-
porations, can intentionally manufacture risk, appropriate benefit from these risks, and still dispro-
portionately avoid the consequences of the same risks to profit on an overall cost-benefit balance
even as it leaves the least advantaged worse off (Curran, 2018b). Should this process of risk arbi-
trage be allowed to operate on a global level through the sociotechnical imaginary of negative emis-
sion, then I believe we have grounds for being seriously concerned that such manufacture of risk
may induce large-scale moral hazard (Anderson and Peters, 2016: 183; Lenzi, 2018: 2-3;
McLaren et al., 2016: 67-69; Shue, 2017; EASAC, 2018: iv).
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The climate casino revisited, or, on the necessity of refusing the rules of
the game

So, what have we learned by examining the temporal structure of negative emissions? Well, at the
very least, this sociotechnical imaginary becomes conceivable first when the resonances of a future-
oriented space of possibilities generate heat around the economy as a means of rendering uncertain
futures securable. The assumption behind the concept of negative emissions is that one may seek
out securability precisely as a source of profit from futurity’s riskiness (Amoore, 2013: 6). Such is
the mutually constitutive relationship between the time horizon of risk and the kind of epistemic
techniques and technologies that constrain the future to a function of the discount rate.
Consequently, the interpretative approach of this paper has allowed us to cast a light on something
novel in the case of the risk management of GHG emissions; namely, that this most “natural” way
for humans to relate to the future is first and foremost the cultural product of a contingent set of
knowledge producing techniques and technologies in conformity with economic demands for effi-
ciency, productivity, and flexibility, and concerned with the systematic solicitation of chance as
potentially profitable investment opportunities through a derivative risk calculus. With its basis
in the social practice of a particular relationship to the future—as a treacherous reef of hazard to
be profitably explored by vessels of computational models and simulations—we are, as subjects,
instructed in the ways of the market and rendered functional for markets through market-like
modes of behavior (Lovbrand and Stripple, 2011; Read, 2009: 26-32). By positioning this socio-
technical imaginary against the time horizon of risk, we may thus widen the concern with negative
emissions beyond that of its potential opportunities, risks, and trade-offs to instead revive the
utopian demand for an entirely different attitude toward the future.

But I would also argue that the case of negative emissions is informative for the sake of deepen-
ing a sociological understanding of the modern governance of risk, especially that of environmental
risks. For it seems to suggest that although the calculative conjecture connected to NETs is but an
example of a futurological inclination inherent to the modern epoch as such, the intensification of
this inclination through the sophistication of its attendant epistemic techniques and technologies is
inadvertently manufacturing greater and greater degrees of risk. With an ever-widening of the scales
upon which we seek to make ourselves attendant to—and insure ourselves against—futurity’s riski-
ness, otherwise rational strategies of minimizing costs and maximizing benefits increasingly resem-
ble a high-stakes gamble (Anderson and Peters, 2016: 183). Indeed, the failure of leveraged
investment into the mortgage-backed assets we call NETs (Asayama and Hulme, 2019: 940—
942) and the associated bankruptcy of the emissions debtor would result in a dangerous spike in
global warming and exceptionally severe losses and damages—both environmentally and econom-
ically. As opposed to Ulrich Beck’s rather optimistic view of risk as a democratizing phenomenon
attuned to the indiscriminative happenstance of social and environmental bads, the case of negative
emissions rather contributes to the literature that suggests that such a generalization is at best mis-
leading, and at worst alienating. For not only does it intimate that the ludic rationality discursively
inscribed into the sociotechnical imaginary of negative emissions, and the concomitant risk man-
agement prescribed by WG3, might be inclined to increase the manufacture of risk over time. It
also suggests that risk is not necessarily as ubiquitous as Beck would have it since practices of selec-
tion and division implicit in the simulation of climate futures with the help of IAMs are crucial for
the social structuration of risk (Curran, 2018a: 303).

None of the above ruminations on the discourse of risk management should in any way be under-
stood as a contention against the need for scientifically informed decision-making when it comes to
emissions reductions. What we should not take the presence of non-epistemic values to mean is that
IAMs are therefore unreliable or that integrated assessment modelers manipulate data to suit a pol-
itical agenda (McLaren, 2018: 219). The influence of non-epistemic considerations on how to deal
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with uncertain futures merely implies that we cannot, in the context of integrated assessment mod-
eling, distinguish sharply between the realms of value-neutral theory and value-laden practice
(Winsberg, 2010: 93—119). It highlights the fact that we need to pay attention to the use of techni-
ques and technologies for the production of knowledge in which non-epistemic values play an ineli-
minable role; to the kinds of values or practical considerations tied up with their use; and not the
least, to the effects that these values have upon the way in which they socialize us as users. My
claim is that standards of risk management and utility maximization constitute examples of
entrenched values that are products of the intellectual histories with which epistemic technologies
such as IAMs are entangled. Though some of these values are non-epistemic, they may still be sig-
nificant for the kind of knowledge that models produce, and in effect for the kind of relationship
toward the future that they establish. The simple point is that models are developed and adapted
in historical contexts, and within culturally contingent modes of discourse, which may leave indel-
ible and sometimes inscrutable imprints—which are themselves not of a strictly epistemic value—
upon them.

Neither is this to say that there are no issues of broad-scale social policy in which the concept of
risk is useful. Rather, it is only to caution that an uncritical attitude toward the discourse of risk may
lead us to cluster an astonishingly large range of health, safety, and other social and environmental
problems on a global scale under this one rubric, indirectly justifying an incremental recklessness at
the expense of devising other ways of expressing caution and care. While modelers are supposed to
make modeling decisions in the context of a policy analysis exercise and then counsel policymakers
on how to interpret the knowledge produced, and policymakers to supply modelers with requests as
to the kind of scenarios to run through their models and then use the knowledge produced by IAMs
to inform their policymaking, the subjective-probabilistic dimension that follows from such an
issue-driven organization of knowledge production means that it is never entirely clear where
the scientific part of the spectrum ends and the political begins (Geden, 2015: 27-28; Geden and
Beck, 2014: 747-748). Of course, modelers must continue to do routine work on technical pro-
blems, but the question arises as to the influence of non-epistemic values on how the framework
for inquiry is set, with whose awareness of the process, and in whose favor (Ravetz, 1999: 648).
For as long as emissions reductions are treated solely as a technical problem of how to render
the SCC into a bundle of securitisable assets, we will remain prisoners to the time horizon of
risk and led down the one-way road of a no-limit betting structure. Long-term, the solution thus
cannot be to play ever more accurately or correctly—although this is certainly crucial in the mean-
time—but also, alongside pursuing such ludic strategies, to interrogate the limits to a horizon of
expectations reliant upon the instrumental exploitation of the future through derivative risk cal-
culus. Examining the temporal structure of negative emissions is a first step to questioning the
discursive rules that constitute the time horizon of risk against which “the Climate Casino,” as
Nordhaus (2013) puts it, has invited us to gamble with the temperature of our future climate(s).
It is a first step to utilizing the intellectual tools that modernity has equipped us with to identify,
and to change, the very set-up according to which are instructed to place our bets. The possi-
bility of transforming the future has been opened in modernity, but it requires that we do not
wholly abandon our critical distance toward the future for the purely technical concern of
playing well in the present. On the contrary, such a transformation remains today, an ethical
—and possibly even an existential—imperative.

Highlights

e Standards of risk management and utility maximization are examples of non-epistemic values
inscribed into IAMs.
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e A discourse of risk is central to making sense of the kind of future in relation to which negative
emissions, as a sociotechnical imaginary, is constructed.

e The sociotechnical imaginary of negative emissions becomes conceivable first when the future is
perceived as a territory that may be profitably colonized.

e Practices of selection and division implicit in the simulation of climate futures with the help of
IAMs contribute to the social structuration of risk.
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