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1 Introduction

With the evidence for anthropogenic climate change piling up, suggesting that climate
impacts of GHG emissions might have been underestimated in the past (Allison et al. 2009;
WBGU 2009), and mitigation policies apparently lagging behind what many scientists
consider as necessary reductions in order to prevent dangerous climate change, the debate
about intentional climate change, or “climate engineering”, as we shall say in the following,
has gained momentum in the past years. While efforts to technically modify earth’s climate
had been the focus of sporadic discussions at least since the White House’s Report
“Restoring the Quality of Our Environment” (cf. Keith 2000), Paul Crutzen’s cautious plea
for research into the feasibility and side-effects of stratospheric sulphur injections (Crutzen
2006) has incited an inter-disciplinary controversy (with a preliminary culmination in the
Royal Society’s assessment (Royal Society 2009)), while increasing public awareness and
debate about climate engineering, as well. The controversy, though, does not focus on the
question whether climate engineering should be carried out today (which is largely
reckoned to be a bad idea, unnecessary, or premature) or at some point in the future (which
is considered a decision we don’t have to take now), but on whether to engage in large-scale
research into the alternative technological options for carrying out intentional climate
change. It is this paper’s purpose to make that controversy more transparent. In order to do
so, we analyse what seems to be the major argument in favour of research into climate
engineering: the lesser evil-, or, as Stephen Gardiner has called it, the arm the future-
argument—in short: the AF-argument (Gardiner 2010). Such an argumentative analysis
makes explicit the normative and descriptive assumptions which underlie the reasoning,
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without ascertaining or denying them, and thus enables one to assess the overall strength of
the argument as well as to determine which objections do, and which don’t undermine it.1

In the following section, we lay out the core idea of the argument and develop, in several
steps, a detailed reconstruction of its line of thought. The prima facie very simple and
plausible argument exhibits an interesting internal structure and builds on several debatable
premisses. Section 3 discusses, in separate subsections, the potential objections which
might be, or have been, put forward against the AF-argument. We explain which particular
premisses of the AF-argument are attacked by the objections and try to uncover, in turn, the
assumptions of these counter-arguments. The analysis reveals that the AF-argument is far
from invincible, although some of the criticisms hardly affect it. This is, however, not to say
that the AF-argument is defeated. The analysis merely unearths the central assumptions
which divide proponents and opponents of climate engineering research. We suggest that
the foremost issues in the debate relate to the socio-economic, political and psychological
consequences of carrying out climate engineering research as well as to the normative
evaluation of various deployment-scenarios of climate engineering technologies. It thus
turns out that, contrary to the initial strategy behind the AF-argument, (i) the decision to
research and develop and (ii) the decision to deploy cannot be separated neatly. In order to
avoid ambiguities, we cast the AF-argument, whenever necessary, as an argument for
research into stratospheric sulphur injections (or alternative ways of solar radiation
management). In section 4, we assess whether the dissent between proponents and
opponents of climate engineering research is persistent, and tentatively explore ways for
reaching a compromise. This discussion suggests that the AF-argument would face
significantly less objections, if it were understood as an argument for developing carbon
management technologies (such as, e.g., air capture or biomass to coal) rather than
technologies for global albedo enhancement.

2 The AF-argument

A concise statement of the main idea underlying the AF-argument is due to Dale Jamieson.
In a paper (which appeared, in 1996, alongside a couple of articles on climate engineering
in Climatic Change), Jamieson concludes that “research should continue on whether ICC [i.
e. intentional climate change] can be carried out in a way that is consistent with the
conditions that I have outlined. My reason for this is straightforward: we may reach a point
at which ICC is the lesser of two evils.” (Jamieson 1996, pp. 332f.) Likewise, Stephen
Schneider, in the same issue, recommends: “I do (somewhat reluctantly) agree that study of
geoengineering potential is probably needed […], given our growing inadvertent impact on
the planet and the possibility that other alternatives are worse.” (Schneider 1996, pp. 300f.)2

That we may reach such a future point can be substantiated in different ways. Crutzen, for
instance, cites the removal of aerosols from the lower atmosphere, and the increased
regional warming this would cause once the cooling effect is eclipsed, plus reluctant
mitigation efforts as causes that might give rise to a worst case scenario where the
deployment of climate engineering technology might be the lesser evil (Crutzen 2006). In a

1 Note that this paper does not pretend to present the one and only viable reconstruction of the AF-argument.
Argument analysis inevitably involves interpretation and leaves room for alternative versions. Gardiner, for
example, gives a detailed, yet different analysis of the AF-argument (Gardiner 2010).
2 Discussing climate engineering as a “last resort option”, the Royal Society’s report alludes briefly to the
AF-argument, as well (Royal Society 2009, pp. 44f.).
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recent talk (held at the Potsdam Institute of Climate Impact Research on 30/11/2009), David
Keith, in contrast, pointed out the possibility that climate sensitivity is so high that even
with more or less immediate and drastic cuts of emissions a violation of the 2° target
couldn’t be avoided.3 Even if we implemented severe mitigation efforts in the coming
years, the argument says, dangerous climate change might be inevitable. In such a case,
climate engineering would be the lesser evil.

By picturing possible future scenarios, the AF-argument frames the decision to start
research and development regarding climate engineering today (R&D) or not to start it
(NoR&D) as a decision under uncertainty. The long-term payoffs depend on whether
climate sensitivity is high or low, as illustrated by the following payoff matrix (URDHIGH

denotes the payoff resulting from R&D, provided climate sensitivity is high, etc.).

The AF-argument stipulates that, first, no matter whether we are carrying out R&D into
climate engineering, we will be worse off if climate sensitivity is very high than if it isn’t
(URDHIGH < URDLOW and UNORDHIGH < UNORDLOW). And second, if climate sensitivity were very
high, having carried out R&D would leave us better off (URDHIGH > UNORDHIGH). In sum, the
worst case of action (R&D) is preferable to the worst case of action (NoR&D). The AF-
argument appeals to the precautinary principle, resp. the maximin rule, when it draws the
conclusion that action (R&D) ought to be chosen.

The assumption that the long-term consequences of R&D into climate engineering are
preferred to the consequences of not doing so, provided that climate sensitivity is high, does
not simply represent an unwarranted premiss of the AF-argument, but is backed by an
additional reasoning. This is actually where the lesser-evil-idea applies. The justification of
the claim that URDHIGH > UNORDHIGH goes as follows:

If we don’t start developing climate engineering technology now (NoR&D), we will
have no choice but to adapt to dangerous climate change. If we do develop these
technologies (R&D), however, we may still choose merely to adapt, but we might
have the additional option (presuming the research is successful) to adapt and to
geoengineer, which represents a lesser evil than letting dangerous climate change
happen. This additional option being available is clearly to be preferred to having no
choice.

At first glance, the argument builds on the following general principle: A situation S1
where options F and, possibly, G (G being preferred to F) are available is rationally
preferred to a situation S2 where only F is available. This, however, is way too strong a
general rule, for it ignores any further differences between the two situations—besides
available options—which might affect the situations’ preferability. The following, tightened
principle is significantly more plausible,

Possible state 1: climate
sensitivity is very high

Possible state 2: climate
sensitivity is not very high

(R&D) URDHIGH URDLOW

(NoR&D) UNORDHIGH UNORDLOW

3 See also Keith et al. (2010) for an argument along these lines.
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A situation S1 where options F and, possibly, G (G being preferred to F) are available
is rationally preferred to a situation S2 where only F is available, provided that the
potential availability of G in S1 outweighs whatever makes S1 less preferable than S2.

The AF-argument for climate engineering research can now be reconstructed as follows.

(P1) If we start R&D now and climate sensitivity is very high, we will have the option to
adapt to dangerous climate change and, possibly, the additional option to adapt and
to geoengineer.

(P2) If we don’t start R&D now and climate sensitivity is very high, we will merely have the
option to adapt to dangerous climate change and it won’t be possible to geoengineer.

(P3) If climate sensitivity is very high, to adapt and to geoengineer is better (the lesser
evil) than simply to adapt.

(P4) The potential availability of the climate engineering option outweighs any negative
consequence of R&D, given climate sensitivity is very high.

(P5) A situation S1 where options F and, possibly, G (G being preferred to F) are available
is rationally preferred to a situation S2 where only F is available, provided that the
potential availability of G in S1 outweighs whatever makes S1 less preferable than S2.

(C1) Therefore (from P1-P5): If climate sensitivity is very high, starting R&D now leaves
us, in the long run, better off than not doing so (URDHIGH > UNORDHIGH).

(P6) No matter whether R&D into climate engineering is carried out or not, the long term
payoffs are lower in case climate sensitivity is very high (URDHIGH < URDLOW and
UNORDHIGH < UNORDLOW).

(C2) Therefore (from C1 and P6): The worst case of (R&D) is preferable to the worst case
of (NoR&D).

(P7) Of a set of alternative choices, the one with the highest minimal possible payoff is
rationally to be preferred. (Maximin rule)

(C) Therefore (from C2 and P7): We should start research and development of climate
engineering technologies today (R&D is rationally preferred to NoR&D).

The AF-argument, at least according to our reconstruction, relies on seven premisses.
Two of these premisses are conditional predictions about the consequences of engaging in,
or refusing to carry out climate engineering R&D (namely P1 and P2); the remaining five
premisses are normative assumptions that either evaluate specific options and states of
affairs (P3, P4 and P6) or represent general normative principles (P5 and P7). Each and
every of these premisses, the descriptive as well as normative ones, is contestable, as we
will see in the following section.

3 Objections

3.1 Against (P1): Climate engineering R&D leads unavoidably to the deployment
of the respective technologies

A first concern about climate engineering research, voiced, for instance, by Jamieson (1996,
p. 333) and Gardiner (2010, p. 289), anticipates that the deployment of such technologies
will eventually be unavoidable once their development has gained momentum.4 On the

4 Compare also Royal Society (2009, p. 39).
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background of our reconstruction of the AF-argument, such a worry turns into an objection
against (P1). If the development of climate engineering technologies will automatically lead to
their deployment, the situation we end up in by doing R&D is not a situation where we have two
alternative options. The decision to engage in research now predetermines the deployment.
(R&D) does therefore not increase the number of options we have in the long run.

This objection refers to socio-economic, political, or psychological mechanisms which,
presumably, ultimately result in the deployment of technologies that have been developed.
Accordingly, Jamieson notes that “there is a serious risk that ICC projects will be
implemented even if they are unwarranted.” This is because “in many cases research leads
unreflectively to development.” (Jamieson 1996, p. 333) Jamieson identifies two different
mechanisms that encourage the implementation of technologies. First, not to oppose
progress is a cultural imperative of our societies; and opposing the deployment of a
technology, or curbing its further development, is perceived as such. Second, research
communities tend to turn into interest groups that promote the deployment of the
technologies they are investigating.5 These concerns are in no way confined to climate
engineering research, but express general worries about our technological autonomy and
freedom of choice, i.e. our ability to rationally decide which technologies to put into
practice. The philosopher Friedrich Rapp has expressed this concern as follows: “However,
the lesson of history is that, once the first step has been taken, development cannot be
stopped; global scientific, technological, and economic systems of exchange and
competition guarantee [!] that whatever has become standard will very soon spread all
over the world.” He adds: “For this reason, it is easier and safer to stop before getting
started than it is to slow development already in progress.” (Rapp 1989, p. xx) Thus, the
outlook on our capacity to control climate engineering R&D, including the ability to stop
such a research program, is a first point of disagreement between opponents and proponents
of climate engineering research.

3.2 Against (P2): The option to engineer the climate might be available without starting
R&D now

The prediction that viable technological options to compensate anthropogenic climate change
won’t be available, say, by mid-century, unless we start the research and development of such
technologies immediately may be contested, too. Opponents of large-scale R&D programs that
are set up now might simply question whether a timeframe of 40 years is really required to
develop effective SRM technologies. Schelling andGardiner press this point more forcefully by
suggesting that starting to develop such technologies now is even worthless (Schelling 1996;
Gardiner 2010, p. 289): We can by no means anticipate the technological means that will be
available in 40 years, they argue. It is thus impossible to start designing concrete devices
today that will represent state-of-the art means for engineering the climate in 2050. Advocates
of the AF-argument are bound to deny this.

3.3 Against (P3): The deployment of climate engineering technologies is not—not even
in the worst case—preferable to mere adaptation

Premiss (P3) can be challenged on different grounds. It states that, provided climate
sensitivity is very high, to geoengineer and to adapt is preferable to mere adaptation. A first

5 The emergence of “entrepreneurial science” (cf. Louis, Blumenthal et al. 1989; Etzkowitz 2001) seems to
back up this last point.
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reason to deny this features the allegedly irreducible uncertainty regarding the effectiveness
and side-effects of climate engineering, in particular SRM (see Robock 2008; Royal Society
2009, p. 38). Reliable predictions of the consequences of climate engineering require
detailed regional climate forecasts—given a state of the climate system which is in two
senses unique. The consequences of climate engineering will be unique because the climate
will have undergone an unprecedentedly sharp rise in CO2 concentration, and because,
unlike volcanic eruptions, SRM technology aims at maintaining a stable level of aerosols in
the upper atmosphere on long time scales. On top of that, predicting the overall
effectiveness and side-effects of SRM requires long term socio-political and economic
forecasts, as well. For the consequences of SRM crucially depend on its continuous
operation. Economic or political instabilities, leading to an abrupt cancelation of SRM,
might very well multiply the risks of dangerous climate change (cf. Royal Society 2009, p. 34).
Opponents of immediate R&D infer from this assessment that, even at some point in the
future when these technologies have been studied and developed, we will be in no position to
predict reliably that climate engineering “works”, i.e. is, all things considered, beneficial. In
other words, once the day of deciding whether to launch the global SRM project has arrived,
assuming climate sensitivity is high, policy makers will face the following decision under
uncertainty.

Climate engineering might alleviate dangerous climate change (upper left field in the
decision matrix). However, it might as well, if things go wrong, amplify dangerous climate
impacts (upper right field). That would apparently amount to the worst case of applying
SRM. The worst case of refraining from climate engineering is uncompensated, still at least
not additionally amplified, dangerous climate change. Consequently, the maximin principle,
built into the AF-argument, prescribes not to deploy SRM. Taking the prevailing
uncertainties into account, climate engineering is not the lesser evil, and premiss (P3) is
false. This objection highlights that proponents and opponents of the AF-argument differ
with respect to the assessment of our future ability to reliably predict the earth system.
While proponents are optimistic about pushing the current limits of social and natural
sciences, opponents point out that we might not gain the detailed understanding necessary
for accurate climate engineering predictions.

3.4 Against (P3), again: We are ignorant about the preferences of future generations

A second reason for refusing (P3) is provided by what has become a commonplace in
ethical thought, namely that we are ignorant about the (full) preferences of future
generations and that we must not, when evaluating consequences that afflict future
generations, project our own preferences into the future (e.g. Birnbacher 1988, pp. 31–33).
But that is what premiss (P3) does, or so it seems. Maybe we, earth’s current inhabitants,
would prefer to adapt and to geoengineer if dangerous climate change were about to happen—

Possible state 1: SRM works Possible state 2: SRM doesn’t work

(Adapt&SRM) Technically compensated,
dangerous climate change

Technically intensified,
dangerous climate change

(Adapt&NoSRM) Uncompensated, dangerous
climate change

Uncompensated, dangerous
climate change

Climatic Change



but what gives us reason to believe that future generations will share this preference? Attitudes
towards intervention into natural systems might change completely. Such a cultural change
could, for example, be brought about by the devastating experiences with other ways of life. So,
maybe, future generations will disapprove of any kind of intervention into natural systems, be it
to compensate previous human interference or not. Consequently, hardly anything would be
judged as more horrific than intentional climate change.

But the objection cuts both ways. While undermining, on the one hand, the AF-argument
for climate engineering R&D, it seems to forestall, on the other hand, any argumentation
against such R&D, as well. Maybe future generations don’t think it’s that bad an idea to
modify the planet on grand scale (although we do), and they have, possibly, no quibbles
accepting the risks of intentional climate change … If we are not entitled to make any
assumptions about the preferences of future generations whatsoever, we must not even
presume that they will prefer a climate that is largely unaltered (thanks to our effective
mitigation efforts) to a climate which has been shaped, intentionally or unintentionally, by
previous generations.

Extreme scepticism vis-à-vis the preferences of future generations leaves us apparently
with no other rule than to maximise future generations’ freedom of choice. Given that we
don’t know what they will desire, or how they will want to live, the best and only thing we
can do is giving them as many alternative opportunities as possible—irrespective of how
we evaluate these options today. But this line of thought seems to strengthen the case for
research into climate engineering (not the AF-argument itself, but a slightly modified
version). Because by doing this research, we are simply trying to increase the opportunities
available to future generations, and that is supposedly all we can hope to do.

However, extreme scepticism vis-à-vis future generations’ needs and preferences is a
poor theory in the first place. It does, in particular, not follow from the more modest, and
undeniably correct claim that it would be wrong to simply project current preferences into
the future. But in contrast to extreme scepticism, we might still be entitled to assume some,
albeit not all, preferences of future generations. According to the so-called capabilities
approach developed by Martha Nussbaum and Amartya Sen, there are, for instance, basic
needs that can be considered as belonging to human nature (cf. Nussbaum and Sen 1993).
That we want to possess certain fundamental capabilities is not merely a question of
cultural taste, but reflects essential and universal requirements of living well. So, the
objection discussed in this section boils down to saying that we ought to project the right
preferences onto future generations. More specifically, it urges us to evaluate future
scenarios with regard to basic human needs. Accordingly, premiss (3) states, more precisely,
that, given very high climate sensitivity, to adapt and to geoengineer is better (the lesser
evil) in terms of basic needs than simply to adapt.

3.5 Against (P4): Climate engineering R&D increases the likelihood of mitigation failure

The most common objection against climate engineering R&D is typically, and somewhat
unsuitably, referred to as “moral hazard” (e.g. Keith 2000; p. 276; Virgoe 2009; pp. 106f.;
Royal Society 2009, p. 39). Essentially, this objection diagnoses a trade-off between climate
engineering research on the one side and mitigation efforts on the other side.6 Obviously,
such a reasoning attacks premiss (P4): Mitigation failure, or the substantial reduction of

6 While the moral hazard argument is typically construed as a trade-off between R&D and mitigation
policies, it holds, more generally, for adaptation policies as well, as an anonymous reviewer has rightly
pointed out.
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mitigation-efforts, is a possible side-effect of immediate R&D into climate engineering.
And critics deny that the potential availability of CE technologies fully outweighs the
prospect of uncurbed levels of CO2 concentrations.

That there exists at least a potential trade-off between climate engineering research and
mitigation efforts is, apparently, widely agreed upon. Thus, Michael McCracken reports,

In its initial formulation in mid 2001, President Bush’s Climate Change Technology
Initiative included consideration of geoengineering as one of the possible approaches,
and indeed a meeting was held in the fall of 2001 and a draft report prepared (Ehsan
Khan, personal communication). A powerful argument against proceeding emerged,
namely that if a viable and low cost geoengineering alternative really were available,
economic analysis would then seem to argue against continuing to try to reduce CO2
emissions. As such, geoengineering would really be, in essence, an enabler for
undiminished addiction to fossil fuels, roughly equivalent to foregoing fire insurance
based on an assurance that the fire department was right next door and could quickly
put out any blaze (McCracken 2006, p. 239).

And Gardiner points out,

Many people worry that substantial research on geoengineering will itself encourage
political inertia on mitigation, and so bring on the nightmare scenario and deployment.
[…] If this is so, we may have strong reason to limit or resist such research at this stage.
We do not want to create a self-fulfilling prophecy. (Gardiner 2010, p. 292)

Still, the strength of the psychological and economic mechanisms which diminish
mitigation efforts due to climate engineering research and which operate on individual and
institutional levels can hardly be quantified. The different assessments of this strength—
opponents claiming that the trade-off might be severe, and proponents denying this—thence
amounts to a further point of disagreement between proponents and opponents of climate
engineering research.

3.6 Against (P4), again: Climate engineering R&D causes climate hazards

Over and above mitigation failure, opponents of R&D into climate engineering may refer to
further negative side-effects of such a research programme. Accordingly, Robock et al.
(2010) argue that the effectiveness and risks of SRM schemes cannot be investigated but by
large-scale field-tests which actually amount to full-fledged employment. Trial and error, in
other words, is the only way to acquire scientific knowledge about SRM technologies. And
this kind of R&D bears, obviously, extreme risks, and may cause severe climate hazards.

The argument that climate engineering R&D inevitably involves risky field-tests
undermines premiss (P4): The two state of affairs which result from (R&D), respectively
(NoR&D), do not only differ with respect the availability of the CE option; (R&D) might
have created additional climate hazards which outweigh, all things considered, the
availability of the CE option. This reasoning relies on an assessment of non-invasive
research methods, such as climate simulations or observations from volcanic eruptions.
Critics stress that neither current climate models nor spatiotemporally confined tests can
reliably foresee all side-effects of CE employment (cf. Robock 2008; Robock et al. 2010).
In order to defend the AF argument, proponents would have to (a) disagree with regard to
the reliability of climate models, (b) devise methods for scaling up small-scale field tests, or
(c) balance the potential availability of the CE option on the one hand against the potential
hazards of large-scale field tests on the other hand in a different way.
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3.7 Against (P5) and (P7): The two normative principles are inconsistent

The general principle (P5) states that a situation S1 where options F and, possibly, G (G
being preferred to F) are available is rationally preferred to a similar situation S2 where only
F is available. In other words, the mere possibility that an additional opportunity arises
renders S1 preferable. At first glance, this seems to be an optimistic outlook, assuming that
the best case will actually come true. So in how far is such a stance consistent with the
maximin principle? We will discuss, and dismantle, this objection against (P5) now.

If we were to choose directly between S1 and S2, we actually had to take a decision
under uncertainty, because situation S1 may give rise to two different possible outcomes.
The decision matrix which describes the choice is,

Assuming, in line with the AF-argument, that options F and G being available is better
than merely F being available, the worst outcome of situation S1, namely only F being
available, is identical with the worst outcome of S2. But then, according to the maximin rule
(P7), a rational agent might as well prefer S2 over S1—in plain contradiction to the principle
(P5).

The principle (P5), however, can be defended against this objection on the following
grounds. The maximin rule stated in premiss (P7) is but a weak decision rule because it
doesn’t prescribe how to choose among options with identical worst cases. As a weak
decision rule, it can be extended by additional secondary criteria. Such an extension that
conforms to the maximin approach is given by the following series of decision rules, ranked
in lexicographic order: First, maximise the worst case. Second, maximise the second worst
case. Third, maximise the third worst case. … Applying the extended maximin rule to the
choice between S1 and S2 not only resolves the inconsistency, but even justifies (P5). While
S1 and S2 possess equally good worst cases, S1 outperforms S2 in terms of the second worst
case and, consequently, ought to be preferred according to the extended maximin rule.

3.8 Against (P6): Carrying out climate engineering given moderate climate change is even
worse than facing uncompensated dangerous climate change

Critics of climate engineering research may also question the identification of worst cases
that underlies the AF-argument. More specifically, they could deny that compensated
dangerous climate change amounts to the worst possible outcome of (R&D) by pointing out
that a further, even more disastrous scenario has been overlooked. This scenario consists in
the deployment of climate engineering technologies without any “climatic urgency”, e.g. as
weapons, for mere convenience, because of hubris, or as a consequence of cooperate
competition. Note that this objection pictures, like the criticism of premiss (P1) above, the
possibility that climate engineering technologies be applied even if no political decision to
employ them as a last resort option has ever been taken. A functioning and—within natural
variability—stable climate, which is nonetheless submitted to large scale engineering with
all its dangers and side-effects, is, according to the objection, considered much worse than a

Possible state 1: G is available in S1 Possible state 2: G is not available in S1

S1 F and G are available only F is available

S2 only F is available only F is available
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climate system which reacts violently to anthropogenic interference (high climate
sensitivity) and is later technically treated in order to compensate the symptoms. To put it
in a medical analogy: Being treated with regular doses of Valium, removing a chronic pain,
is preferred to taking the Valium without suffering the pain in the first place. This line of
reasoning results in the refutation of the claim that (R&D)’s payoff given high climate
sensitivity (URDHIGH) is smaller than its payoff conditional to moderate or low climate
sensitivity (URDLOW), i.e. in the denial of premiss (P6).

Such an objection relies on certain value-judgements that can, for example, be traced
back to the environmental ethics of Robert Elliot. In a famous article, Faking Nature (Elliot
1982), and, later, in a book with the same title (Elliot 1997), Elliot argues that
environmental restoration, no matter how perfect in terms of eradicating traces of human
interference, never recreates natural systems which are as valuable as the original ones.
Originality, in the sense of being pristine and unspoiled, amounts to an intrinsic value. This
must not be regarded as an argument against restoration. On the contrary, Elliot grants that,
once a natural system has been polluted or damaged, we have a duty to compensate as good
as we can. So, to deploy climate engineering technologies in order to compensate
(unintended) dangerous climate change amounts to a moral duty, whereas engineering the
climate in case it has only marginally been damaged is deeply wrong. On the background of
such a value system, climate engineering “for fun” might indeed be considered the worst
possible outcome of (R&D). As a consequence, the intrinsic value of originality represents
a further issue with regard to which opponents and proponents of the AF-argument
disagree.

3.9 Against (P7): The conditions for applying the maximin principle aren’t satisfied

The maximin rule, assumed in premiss (P7), is, as a principle for decision making under
uncertainty, far from indisputable (Luce and Raiffa 1957, pp. 278ff.). There are decisions
under uncertainty where one may reasonable reject the maximin principle (Harsanyi 1975).
So, applying the maximin rule goes not without saying. Gardiner, following Rawls (Rawls
1971), identifies three conditions which, he argues, are collectively sufficient for applying
the maximin rule (Gardiner 2006): First, the probabilities of the alternative outcomes cannot
reliably be estimated. Decision makers face a decision under uncertainty, not mere risk.
Second, compared to the worst outcomes, the best possible outcomes offer no substantial
gains. The worst cases are significantly more damaging than the best cases are profitable.
Third, rejected alternatives involve grave risks. Gardiner refers to his version of the
maximin rule as a “core precautionary principle”. It is by and large equivalent with the anti-
catastrophe-principle developed and defended by Sunstein (2005).

The second and the third condition, a proponent of the AF-argument would insist, are
clearly met. Uncompensated dangerous climate change is unacceptable and represents a
grave risk. Moreover, the potential positive gains from not engaging in climate engineering
research (such as not having to fund the research) are, with a view to the dangers involved,
negligible. But what about the first condition? Is it correct that we cannot reliably estimate
the probability of climate sensitivity being high? That raises a controversial issue, and this
paper is not the place to settle it (cf. Schneider 2002; Dessai and Hulme 2004; Betz 2007).
So, let us suppose that the opponents were right and that reliable probability estimates of
climate sensitivity were available. In that case, the first of Gardiner’s conditions wouldn’t
be satisfied. This means that the application of the maximin rule in the AF-argument cannot
be justified along the lines Gardiner has traced. It does not imply, however, that the
maximin rule must not be applied in the decision situation the AF-argument describes.
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Since the three provisions are collectively sufficient, but not necessary conditions for
applying the core precautionary principle.

Proponents of the AF-argument may resort to another strategy for backing up premiss (P7).
The core precautionary principle is, at least to some extent, accepted as a sound decision
principle for climate policy, i.e. mitigation and adaption measures (cf. Gardiner 2004, p. 577;
Shue 2010). In all relevant aspects (such as stakes, time frames, and uncertainties), the
decision to engage in climate engineering research resembles the decision to implement
mitigation policies. Hence, if maximin-reasoning is permissible in deliberations regarding
mitigation policies, it is sound with respect to decisions regarding climate engineering research,
as well. In any case, opponents who outright reject premiss (P7), cannot consistently frame any
climate policy decisions within the core precautionary approach.

4 Recasting the case for climate engineering research

We have, in the preceding sections, reconstructed the AF-argument and discussed various
potential objections that may be raised against it. So, what do we learn from our analysis? First
of all, proponents of climate engineering research may still stick to the AF-argument. Our
analysis has merely made explicit at which points they do (or, at least, have to) disagree with
their critics. Moreover, even if proponents of (R&D) were ready to give up the AF-argument,
this by no means forces them to drop the call for climate engineering research itself. (R&D) can
consistently be upheld without further justification, or for different arguments we have not
discussed in this paper. The criticism, in other words, is of course not conclusive in the sense of
deciding the controversy once and for all. But rather than simply providing such a pluralistic
outlook which only identifies the differences without trying to reduce them, we would like to
explore whether the case for climate engineering research can be recast, by making provisions
or concessions, so as to take the criticism into account and to ease the opposition between the
conflicting positions.

We take it that our above discussion has shown that the criticism of premisses (P5) and
(P7) as well as the second objection against (P3) can be rebutted. In the remainder, we
therefore focus on the remaining objections against (P1), (P2), (P3), (P4) and (P6).

The criticism of (P1) and (P6), which projects an automatic, or unnecessary deployment
of climate engineering technologies once they are developed, cannot simply be countered
by verbal commitments of climate scientists or engineers. What drives this criticism is not
the suspicion that some climate engineers are keen on deploying these technologies come
what may, but the historical experience that more or less robust social, cultural, economic
and psychological mechanisms lead, sooner or later, to the deployment of every technology
that is invented. It is therefore clear that the criticism can only be alleviated by modifying
these mechanisms. This requires, for instance, to install, before climate engineering research
begins, effective institutions and regulation which prevent automatic deployment. Here are
some such suggestions (with no claim neither to originality nor to completeness): a
moratorium on the deployment of climate engineering technologies (as recently
recommended by the CBD, cf. Tollefson 2010); an international treaty that sets very high
procedural conditions (e.g. unanimity of parties of the treaty) which must be met before any
deployment; the systematic exclusion of industry and cooperate science from the research
programs in order not to build up economic interests; the organisation of the research
without creating a permanent scientific infrastructure specialised in climate engineering (e.g. no
climate engineering institutes, chairs, Bachelor and Master programs, etc.); the assignment of
funds for short periods only without any long-term commitments to finance future research,
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where funding will only be renewed provided that high institutional hurdles are overcome (such
as, e.g., a two thirds majority of a stakeholder meeting).

Taking the objection against (P2) seriously, instead of outright rejecting it, suggests that
the development of climate engineering technologies should not start immediately. Research
into the diverse natural systems which would be affected by climate engineering should,
however, be intensified straightaway. Such a research, including, e.g., climatology,
atmospheric chemistry and biology, would have to focus on the potential side-effects of
human interventions into the climate system. It would aim at improving our understanding
of the climate system rather than designing technical devices for manipulating it.
Postponing the development of concrete technologies for, say, 15 years, would not only
address the objection against (P2), but might, in addition, ease the trade-off with mitigation,
to which we shall turn now.

The trade-off between mitigation and climate engineering research, referred to in the first
objection against (P4), calls for institutional provisions that interrupt the socio-economic,
political and psychological mechanisms which give rise to this trade-off. This could be
achieved, at least to some extent, by establishing—up-front, i.e. before the research begins—
binding rules which govern any future deployment of climate engineering technologies, e.g. the
rule that these technologies won’t be applied unless global CO2 emissions have successfully
been reduced by 90% relative to 1990 levels. A further, far reaching concession would be to
restrict climate engineering research to technologies that have a tendency to ease, or don’t give
rise to the trade-off. Developing technologies for carbon management such as air capture
(instead of solar radiation management) might, for example, create fewer economic incentives
to delay mitigation efforts. Quite the contrary, if it is clear, right from the beginning, that every
metric ton of CO2 one emits into the atmosphere will sooner or later have to be recaptured and
sequestered, this provides, even with very optimistic projections of cost-cuts, an additional
incentive for mitigation efforts.

Confining research to specific technologies, might, moreover, be the only way for
addressing the first objection against (P3) as well as the second objection against (P4).7 By
concentrating on technologies whose deployment does not involve irreducible uncertainties,
premiss (P3) becomes much more plausible. Likewise, the effectiveness and side-effects of
CE technologies which operate on regional scales, such as carbon management methods,
might be investigated without causing global climate hazards. This shows, again, that the
argument for climate engineering research is case sensitive; focusing on specific
technologies might help to alleviate some of the objections such a research program faces.
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