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ARTICLE

Availability of risky geoengineering can make an
ambitious climate mitigation agreement more likely
Adrien Fabre1,2 & Gernot Wagner 3,4✉

Some countries prefer high to low mitigation (H≻ L). Some prefer low to high (L≻H). That

fundamental disagreement is at the heart of the seeming intractability of negotiating a cli-

mate mitigation agreement. Modelling global climate negotiations as a weakest-link game

brings this to the fore: Unless everyone prefers H to L, L wins. Enter geoengineering (G). Its

risky and imperfect nature makes it arguably inferior to any country’s preferred mitigation

outcome. However, absent a global high-mitigation agreement, countries facing disastrous

climate damages might indeed wish to undertake it, effectively ranking H≻G≻ L. Meanwhile,

those least affected by climate damages and, thus, least inclined to agree to an ambitious

mitigation agreement, might be unwilling to engage in risky geoengineering, resulting in L≻
H≻G. With these rankings, all players prefer H to G, and the mere availability of a credible

geoengineering threat might help induce an ambitious climate mitigation agreement (H). The

analysis here introduces the simplest possible model of global climate negotiations and

derives the conditions for this outcome. These conditions may indeed be likely, as long as

geoengineering is viewed as a credible albeit risky emergency response given the danger of

low mitigation levels.

https://doi.org/10.1057/s41599-020-0492-6 OPEN

1 Paris School of Economics, Paris, France. 2 Université Paris 1 Panthéon-Sorbonne, Paris, France. 3 New York University Department of Environmental Studies,
New York, NY, USA. 4NYU Wagner School of Public Service, New York, NY, USA. ✉email: gwagner@nyu.edu

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |             (2020) 7:1 | https://doi.org/10.1057/s41599-020-0492-6 1

12
34

56
78

9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-020-0492-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-020-0492-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-020-0492-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1057/s41599-020-0492-6&domain=pdf
http://orcid.org/0000-0001-6059-0688
http://orcid.org/0000-0001-6059-0688
http://orcid.org/0000-0001-6059-0688
http://orcid.org/0000-0001-6059-0688
http://orcid.org/0000-0001-6059-0688
mailto:gwagner@nyu.edu


Introduction

Game theory helps frame the strategic interactions among
countries (Schelling, 1960), with global climate negotia-
tions as a prominent example (Barrett, 2007, 2003, 1994;

MacKay et al., 2015). That holds for multilateral negotiations
under the umbrella of the United Nations Framework Conven-
tion on Climate Change as well as for bilateral negotiations and
those among smaller groups of countries. Science points to the
need for ambitious climate action (IPCC, 2018). Many countries
are indeed pursuing ambitious action on their own (Aklin and
Mildenberger, 2018), only in part for strategic reasons (Kotchen,
2018; Nordhaus, 2020, 2015).1 Meanwhile, assuming symmetric
players in a weakest-link game (Sandler, 1997, chap. 2), as long as
one country, or group of countries, prefers high mitigation to low
(H≻ L), while the other prefers L≻H, an ambitious negotiated
agreement (H) is unlikely. We here introduce what we consider to
be the simplest possible game-theoretic framework that demon-
strates this lack of an ambitious negotiated climate agreement.
Doing so allows us to communicate and synthesize results of
previously published research on climate negotiations and
geoengineering (G) (e.g., Millard-Ball, 2012; Moreno-Cruz, 2015;
Sandler, 2018; Urpelainen, 2012).

Simple game theory explains lack of ambitious climate
agreement
Consider two countries or groups of countries, 1 and 2. Both
countries would have to prefer H to L for H to prevail (Table 1)
(Nash, 1951). This holds as long as the aggregate level of miti-
gation is characterized by the minimum of each country’s miti-
gation policy, a stylized representation of the arithmetic of
climate negotiations focused on strategic interaction among
symmetric players (MacKay et al., 2015).

This weakest-link negotiation game might be the simplest
representation of the lack of collective action. It stands in contrast
to models of total mitigation as the sum of each country’s con-
tribution (Barrett, 2007; Sandler, 2018), though aggregating
mitigation efforts, too, can lead to a weakest-link game under
some reasonable conditions. If the combination of diverging
mitigation efforts ((L1, H2) or (H1, L2)) led to moderate overall
mitigation effort M, it might be reasonable to treat M and L the
same for purposes of this analysis. That might hold especially if
there is a threshold of sorts between M and H. If so, only the
outcome H might lead to stabilizing global climates, while both L
and M would imply indefinite warming, albeit at different speeds.

Our framework also assumes that mitigation is costly, with H
costlier than L. Mitigation might not be as costly as often assumed
(Gillingham and Stock, 2018), leading, for example, to some
countries pursuing ambitious climate action on their own
(Wagner et al., 2015), or it might be in some countries’ self-
interest to pursue more ambitious mitigation policies to coax
others into doing the same (Kotchen, 2018; Nordhaus,
2020, 2015). Nordhaus (2020, 2015), in particular, points to how
powerful countries taking ambitious climate mitigation action
could force others into following suit. Either possibility may
indeed help break through the global climate negotiations logjam
(Barrett, 2007). Failing that, Table 1 presents the simplest possible

explanation for the woeful lack of ambitious climate action to
date. Any player would only play H, if H is also the preferred
outcome of the other player(s). Otherwise the one player
choosing H would incur the extra mitigation cost in vain. This is
often described as the “free-rider” problem, the direct result of
climate mitigation’s public goods nature (Baumol, 1952).

Geoengineering is cheap and imperfect, and all-too tempting
Geoengineering (G) introduces an entirely new set of challenges
into global climate policy negotiations. Some have focused on G
crowding out ambitious mitigation, necessitating complex gov-
ernance regimes (Quaas et al., 2017; Weitzman, 2015). This often
comes under the heading of “moral hazard” (Keith, 2000; Lin,
2013; Wagner and Zizzamia, 2020). The mere availability of G
might also do the opposite, encouraging more mitigation action
(Merk et al., 2016). In strategic climate negotiations, the threat of
risky G by players suffering most from L has indeed been shown
to have the potential to lead to H (Millard-Ball, 2012; Moreno-
Cruz, 2015; Urpelainen, 2012).

In contrast to mitigation, geoengineering (G) is often char-
acterized as fast, cheap, and imperfect (Keith, 2000; Mahajan
et al., 2018). Here we drop “fast” and focus on the latter two. In
fact, while G is often synonymous with solar radiation manage-
ment or modification (SRM), with carbon dioxide removal (CDR)
instead best thought as expensive mitigation (Moreno-Cruz et al.,
2018), here some CDR techniques could count, too. For example,
ocean fertilization in an attempt to remove carbon from the
atmosphere might be “slow” yet is also both cheap and imperfect.
The combination makes it risky, widening the list of possible G
techniques relevant to this analysis.

Modelling G necessitates extending our game to two periods:
first, players choose mitigation levels H or L; second, they decide
on G. The latter could be a decision on degree: how much G to
pursue. For simplicity, we assume it is a zero-one decision:
whether to pursue G or not. Indeed, G is so cheap (Smith and
Wagner, 2018) that the largest hurdle is the willingness to engage
in it in the first place.2 G is also so powerful that one country’s
choice determines the overall outcome. While for mitigation, the
ambition of the global agreement here equals the minimum level
of ambition across the two players, for G it only takes one player
to pursue it for the entire world to experience the outcome—both
its potential (net) benefits, and the potentially large risks. More-
over, we assume that the aggregate level of mitigation is irrelevant
to a geoengineered climate, so that the climate resulting from the
players’ moves across both periods can be characterized by H, L,
or G. Conversely, the preferences of each player can be reduced to
their rankings over possible resulting climates H, L, or G.

Table 2 summarizes the impact of G on the negotiated out-
come: As in Table 1, H only happens if both players prefer it.
Meanwhile, either player resorting to G implies the entire world
facing its consequences. These properties not least explain G’s
“free-driver” effect (Barrett, 2008; Schelling, 1996; Victor et al.,
2009; Wagner and Weitzman, 2012; Weitzman, 2015). G is at
once so cheap and powerful that a single player’s preferences

Table 1 Climate policy resulting from each pair of moves.
High mitigation agreement (H) is only possible if both
players choose H over low (L) mitigation.

Moves by players 1 and 2 H2 L2
H1 H L
L1 L L

Table 2 Climate policy resulting from each pair of moves.
Low mitigation (L) without geoengineering (G) dominates
high mitigation (H) (Table 1), while G dominates all.

Moves by players 1 and 2 H2 L2 G2

H1 H L G
L1 L L G
G1 G G G
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dominate the outcome, regardless of how many other players
there are.

Simple game theory of how availability of G can induce H
If all players agreed on either of the three possible negotiation
positions as their top choice, the outcome would be just that,
shown in bold italics in Table 3. If any player preferred G to all
other choices, G would win (shown in italics). That leaves four
cases.

In all four, one player ranks L as the top choice, while the other
prefers H above all else. That situation mimics the “simple”
negotiation, shown in Table 1, save for the addition of G. If G
were ranked last by both, the game would collapse to the simple
negotiation, where one ranks L≻H and the other ranks H≻ L. G
does not interfere. L wins. Conversely, if G were to be ranked
second by both players, G would win. Two cases remain.

If the player who prefers L ranked G≻H while the other player
who prefers H ranked L≻G, L would win. G does not alter the
outcome, as both players prefer L to G. That, however, would
imply that those most hurt by climate change, and thus most
interested in pursuing H, would rank L≻G. That might be a
justifiable ranking, given G’s inherent risks. But desperation can
beget risky choices.

Here this willingness on the part of those preferring H≻ L to
engage in risky choices to avoid the worst implies that those same
players might also rank G≻ L. G is not the first choice, but it
might be better than L: H≻G≻ L. The fundamental assumption
here—and this is indeed an assumption—is that, among those
most vulnerable to a low mitigation climate, expensive and safe H
is still preferred to cheap yet risky G. (If that were not the case,
and G≻H, G would win.) Conversely, those ranking L≻H reveal
themselves to be relatively less affected by climate damages and,
thus, less inclined to agree to an ambitious mitigation agreement.
At the same time, the perceived possibility of a disastrous impact
of G implies that they might be less willing to engage in risky
geoengineering, resulting in L≻H≻G.

These rankings, in turn, immediately lead to the final case, with
H (in bold in Table 3) as the outcome, induced by the availability
of G. It is also the only situation with H as the outcome despite
only one player, or group of players, ranking H first. The threat of
G leads both players to rank H≻G, although one player would
still prefer L≻H.

Discussion
We are far from the first to analyse the impact of the mere
availability of G on mitigation outcomes (e.g., Keith, 2000; Merk
et al., 2016; Quaas et al., 2017; Sandler, 2018; Wagner and Ziz-
zamia, 2020; Weitzman, 2015). Others have indeed argued how
the threat of G, coupled with G’s inherent uncertainties, can lead
to more ambitious mitigation action within and across countries
(Heyen, 2015; Millard-Ball, 2012; Moreno-Cruz, 2015; Urpelai-
nen, 2012; Victor et al., 2009).3 Here we boil this reasoning down
to its bare essentials, focusing on simple, relative preference

ordering of each player over climate outcomes H, L, and G. These
players could be singular actors in bilateral negotiations. They
could also stand in for groups of players. G’s fundamental
characteristics might lead players previously stuck in a low-
mitigation equilibrium L to consider H.

For G to induce H, the threat of deploying G must be credible.
And it must indeed be a threat—something opting for H can
avoid. All that relies on G being risky and shrouded in uncer-
tainty. The more research discovers about G, decreasing its
potential risks and uncertainties for everyone, the less it might be
able to induce H. Indeed, a new discovery might affect the
players’ expected payoffs, making G the worst policy outcome in
case of bad news, or the preferred one in case of good news.
Conversely, the possibility of G deployed as a supplement to H
might have similar effects of helping to induce H, but it may well
be too tempting to trade off some mitigation action for moderate
geoengineering (Moreno-Cruz et al., 2018).

Lastly, if any player—a singular state, for example, tempted by
G to maintain the high-emitting status quo—were to prefer G
altogether, the free-driver effect kicks in and G prevails. The only
possible solution in such a scenario to prevent the free driver
from forcing G upon everyone else: strong governance at the
global level, effectively leading to a ban on unilateral G.

The mere availability of G, of course, is no guarantee of
inducing H. Viewed in the right light, and with the bare mini-
mum of oft-invoked assumptions, it might help break the
decades-long logjam of climate negotiations—both formally at the
international level, and informally among smaller groups of state
and possibly non-state actors (Reynolds and Wagner, 2019).

Methods
The solution relies on a subgame-perfect Nash equilibrium
among players in a non-cooperative game (Nash, 1951; Selten,
1965).

Received: 9 December 2019; Accepted: 20 April 2020;

Notes
1 In fact, there is good reason to believe why it is domestic politics, in particular
domestic political capture, that is the largest stumbling block for ambitious climate
action, rather than international politics (Mildenberger, 2020; Seto et al., 2016).

2 While not unusual to assume as much, at least in discussing SRM technologies such as
stratospheric aerosols, it does preclude using moderate G as part of an overall climate
policy portfolio (Moreno-Cruz et al., 2018).

3 The possibility of “counter-geoengineering,” too, might play this role of helping
catalyse H (Bas and Mahajan, 2020; Heyen et al., 2019).
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