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Abstract Because issues associated with climate change are historically unprece-
dented and thus policymakers do not have a prior distribution over possible outcomes,
the usual theoretical approach based on governments maximizing expected utility
may not be suitable for analysing climate policy choice. Under an alternative plausi-
ble assumption that policymakers act strategically but choose the policy that incurs the
highest possible gain in the worst-case scenario, this paper shows how collectivism can
be inferior to unilateralism in both carbon mitigation and economic loss minimiza-
tion. Our proposed approach provides a possible explanation for several paradoxes
in the existing literature in relation to uncertainty and climate policy negotiation. It
also provides an analytical framework that can be applied to numerical simulations of
international climate policy games.
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1 Introduction

The rapidly increasing concentration of greenhouse gases in the atmosphere due to
human activity is believed by many to be a key contributing factor in climate change
(Field et al. 2011). The emission of greenhouse gases is generally considered as a
market failure which requires global collective actions to adress (Hoel 1991; Uzawa
2003). Governments are well aware of the argument that if emissions of greenhouse
gases continue to follow recent trends, the world may be at risk of catastrophic disasters
in the decades to come. Nevertheless, global efforts towards greenhouse gas mitiga-
tion keep running into delay as is seen at the numerous meetings of the UNFCCC1

Conferences of Parties.
Although the public good aspect of climate change is at the forefront of most

economic analyses of climate change, it is uncertainty that is another important char-
acteristic of the policy problem. Many of the issues surrounding climate change are
historically unprecedented. This makes formulating national policy extremely diffi-
cult. It also creates problems for analysing international policy in the usual context
of a game being played between countries. The standard approach to policy choice
is based on maximizing expected utility, but it becomes problematic for analysing
climate policy choice when policymakers do not have a well defined prior distribu-
tion over possible outcomes (Kunreuther et al. 2013). In particular, the exected utility
approach has difficulty explaining the failure of international climate policy coordi-
nation. While Ulph and Ulph (1997) shows that uncertainty facilitates coordination
based on the theory of expected utility, this has been challenged by the laboratory
findings of Barrett and Dannenberg (2012, 2014) that collective action fails when
there is large uncertainty regarding the threshold for “dangerous” climate change.

Various alternatives to expected utility maximization have been suggested for ana-
lyzing climate policies under uncertainty. For example, the “Limited Degree of Con-
fidence” criterion maximizes a weighted average of the expected utility in all possible
cases and the expected utility in the worst 1 % scenarios. The “Safety First” criterion
maximizes the expected utility with the constraint that the probability of reaching
some lower-bound utility is bounded (see Hall et al. 2012; McInerney et al. 2012).
However, these approaches still require a prior distribution over possible outcomes,
and both predict even more mitigation than maximizing expected utility.

Other scholars have argued in favor of the non-probabilistic “maxmin” decision rule
for maximizing the economic welfare for a worst case climate scenario (see e.g., Froyn
2005; Funke and Paetz 2011). Climate change is due to the cumulative nature of carbon
concentration (Ulph and Ulph 1997; Weitzman 2012). Therefore, if the consequences
predicted by many scientists are to be avoided, precautious decisions need to be made
now to reduce greenhouse gas emissions before the probabilities are well known. This
is exemplified in the 2010 BBC Radio 4 interview of former UK Prime Minsister
Tony Blair2: It doesn’t need to be certain for us to act ... if you find out 2030 or 2040

1 UNFCCC stands for the United Nations Framework Convention on Climate Change.
2 Tony Blair was the British Prime Minister from 1997 to 2007. He used the United Kingdom’s G8 presi-
dency in 2005 to address the issue of climate change.
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‘that was a real problem, we should have dealt with that’, you’re going to pay a pretty
heavy price in history. Under this degree of uncertainty, policymakers are faced with
making decisions while knowing that the consequences of their policy choices under
the worst case scenario if realized may be dire. The “maxmin” perspective of climate
uncertainty justifies strong mitigation action (Funke and Paetz 2011), and again, fails
to account for the stalemate of international climate policy.

The problem facing policymakers is actually even more complex than the quote
of Tony Blair suggests. Apart from climate uncertainty, policymakers are also faced
with economic uncertainty surrounding the costs of carbon mitigation. This form of
uncertainty is reflected by former Australian Prime Minister John Howard’s3 2006
speech to the Business Council of Australia where he stated: (Ratifying Kyoto) could
have damaged the comparative advantage this country enjoyed ... I do not intend to
preside over policy changes in this area that are going to rob Australia of her com-
petitive advantage .... From a practical point of view, the “maxmin” decision rule is
not useful if it does not account for the costs of carbon mitigation, which play an
important role in breaking the deadlock in international negotiation. An over-cautious
mitigation policy could lead to a drain of public finance.

In this paper we expand the “maxmin” approach to address both climate and eco-
nomic uncertainties in the making of international climate policies. We follow van den
Broek et al. (2003), Jiménez-Lizárraga and Poznyak (2007, 2012) to apply the theory
of robust optimal control in a multi-player game context. We assume that policy-
makers’ preferences over economic outputs under climate change can be represented
by some utility functions. Collectivism refers to the existence of a political regime
under which policymakers set their policy instruments to maximize their joint utility,
the “global welfare”. In contrast, unilateralism is the status quo in which policymak-
ers are only concerned about their individual utility. In the process of negotiation,
policymakers firstly choose whether to agree on collective action, and consequently
formulate policies that secure the highest payoff in the least-favorable situation. This
means that there will not be any regrets of policymakers under the worst-case sce-
nario.

The idea is modelled by introducing an additional player called “nature”4 into the
game between countries. Nature strategically chooses the least-favorable combination
of climatic and economic events (see e.g., Zhou et al. 1996; Basar and Bernhard 2008;
Basar and Olsder 1999; Hansen and Sargent 2008; Funke and Paetz 2011). If the
policymakers increase efforts to mitigate, nature will decrease the impacts of climate
change but increase the costs of mitigation, leading to the policymakers’ regret of
over-mitigation. In contrast, if the policymakers decrease efforts to mitigate, nature
will increase the impacts of climate change but decrease the costs of mitigation, lead-
ing to the policymakers’ regret of under-mitigation. This additional player confounds
the policy response of countries in the climate policy game and thus captures policy-
makers’ concerns about worst-case climate and economic outcomes.

3 John Howard was the Australian Prime Minister from 1996 to 2007. He refused to ratify the Kyoto
Protocol.
4 Sometimes called “evil nature” in the literature.
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With a very simple model that features the interaction between economic output,
greenhouse emissions and climate policies, this paper shows that, in the context of the
assumed goals of policymakers, collectivism is not generally optimal. Indeed, there
are cases when unilateralism is superior for both carbon mitigation and economic loss
minimization. Our proposed approach provides a plausible framework for explaining
several mutual contrasting theories and empirical findings in the recent literature on
uncertainty and climate policy negotiation (e.g., Barrett and Dannenberg 2012, 2014;
Barrett 2013; Vasconcelos et al. 2013). It also provides an analytical framework that
can be applied to numerical simulations of international climate policy games.

2 The Model

2.1 Overview

We consider a model with two countries, home h and foreign f . Each country pro-
duces one differentiated good, the process of which generates emissions. Both home
and foreign products are exported to the world market, and supply is demand-driven.
Emissions are public bads (negative public goods). A carbon tax is the only policy
instrument of policymakers, although the framework can also be extended to any other
carbon policy that has equivalent effects; for example, the emission permit price in a
cap-and-trade system. Idiosyncratic uncertainties exist in relation to the market and
catastrophic climate change.

To avoid the effect of size and its effect on relative gains, the home and foreign
economies are constructed to be symmetric, both having identical technology and
preferences. Subjective beliefs about uncertainties are also assumed to be symmet-
ric. In most of what follows, only the structural equations of the home country will
be specified, with the understanding that comparable equations hold in the foreign
country. Lower case variables represent the logrithmics of their upper-case equivalent
variable names, unless otherwise specified.

This paper uses a stylized model with two symmetric countries only in order to
address the effects of uncertainty in extreme scenarios on decision making. Such a
theoretical abstraction enables us to focus on the policy problem of particular interest.
We recognize that countries are asymmetric in the real world.5 They differ in mar-
ket structure, climate vulnerability, carbon footprints and economic status. These are
all important factors contributing to the deadlock of global carbon mitigation. Fur-
thermore, our model can be extended to a finite-time dynamic game without much
difficulty. For integrated assessment of international climate policy, it is therefore
desirable to incorporate the methodology that is proposed in this paper into multi-
country dynamic economic models such as RICE (Nordhaus and Yang 1996), CWS
(Eyckmans and Bertrand 2000), WITCH (Bosetti et al. 2007, 2008), or G-Cubed
(McKibbin and Wilcoxen 2013).

5 Assuming asymmetric home and foreign economies will not fundamentally alter the analytical results of
this paper. Such complication will also make the model less tractable.
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2.2 Output and Emissions

We use a simple goods market that is similar to Dornbusch (1976). Both home and
foreign goods are produced at cost 1, and the gross tax rates (i.e., carbon taxes) Rh, R f

coincide with the prices Ph, Pf . Outputs Qh, Q f are driven by demand. Letting lower
case variables represent the logrithmics of their upper-case counters, we assume the
demand for home goods is

qh = r f − rh − whrh . (1)

Here, r f − rh is the trade effect that is negatively related to the relative price of home
and foreign goods; and whrh is the unmodeled effects of tax (see Brainard 1967)
which captures changes of consumer preference, income and rate of returns on capital
(see Dornbusch 1976, p. 1164, Eq. 7). The realization ofwh can be arbitrarily small or
large, and it is unknown to the home policymaker. Symmetrically, the foreign output is

q f = rh − r f − w f r f . (2)

Adding Eqs. (1) and (2), we have

qh + q f = −whrh − w f r f .

We note that the home output loss as a consequence of carbon pricing does not neces-
sarily accrue to the foreign output gain unless wh = w f = 0, and vice versa. In other
words, there could be deadweight loss of global output after cancelling the trade effects
of carbon pricing. Intuitively, imposing a price on carbon will lead to a restructuring
of economic activities, such as investment in new infrastructure, altered patterns of
energy consumption, redeployment and reskilling of labour, and the dissemination of
new technologies. This increases the overall cost of industrial production and house-
hold consumption in the short term, and will usually lead to a decline of output and
national income.

With regard to home emissions of greenhouse gases, Eh , we assume the following

eh = r f − (1 + τ)rh . (3)

Here the parameter τ is strictly positive. In the case of symmetric action rh = r f

which rules out the trade effects of carbon pricing, we have

τ = −∂eh

∂rh
= −∂ ln Eh

∂ ln Rh
= −∂ ln Eh

∂ ln Ph
.

Therefore,τ could be understood as the price elasticity of energy demand if we assume
a linear relation between energy consumption and emissions.

Note that Eq. (3) is a simplistic representation of the complex relationship between
carbon pricing and emissions. This is a good starting point. In future research we do,
however, acknowledge the importance of incorporating a more “realistic” model in
the spirit of RICE (Nordhaus and Yang 1996), CWS (Eyckmans and Bertrand 2000),
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WITCH (Bosetti et al. 2007, 2008), or others that account for the nonlinearity of
carbon emissions due to endogenous technological change, investment in renewable
energies and other factors.

2.3 Catastrophic Climate Change

Greenhouse gases accumulated in the atmosphere disturb the climate system. As a
result, a proportion of the home output is forgone to neutralize the local impacts of
global warming �Th . This gives the home welfare,

uh = ln
Qh

1 + ψ ·�T 2
h

. (4)

Our functional form of (4) is similar to Nordhaus and Yang (1996). Here ψ is the
climate damage parameter with positive value.�Th is a logarithmic function of global
carbon emissions,

�Th = α · β ·
[

ln

(
Eh + E f

E

)
+ xh

]
. (5)

In the first term of Eq. (5), α is the sensitivity of radiative forcing with respect to
carbon emissions,6 β is the sensitivity of global mean temperature with respect to
radiative forcing (see e.g., Myhre et al. 1998), and E is the target global emission level
for climate stability. The logarithmic relationship implies that increased emissions
have a progressively smaller warming effect. In the second term, xh is the uncertainty
surrounding the local impacts of climate change. Similar to wh , the realization of xh

can be arbitrarily small or large, and it is unknown to the home policymaker.
Substituting Eqs. (1), (3) and (5), and using the assumption that the home and

foreign countries are symmetric, we can reparameterize and approximate Eq. (4) for
home welfare in the linear-quadratic form:

uh ≈ r f − (1 + wh)rh − φ

2
(r f − (1 + τ)rh − e + xh)

2, (6)

where φ
2 = ψ · α · β, and e = ln E

2 . By Eq. (3) and its foreign counterpart, we have
assumed that home and foreign emissions are 1 each under the business-as-usual (BAU)
scenario without carbon taxes. Therefore, e is the logarithmic of the target-to-BAU
ratio of global emissions. Symmetrically, the change of foreign welfare is as follows

u f ≈ rh − (1 + w f )r f − φ

2
(rh − (1 + τ)r f − e + x f )

2. (7)

As is clear from Eq. (6) and its foreign counterpart (7), when choosing carbon taxes
the policymakers must trade off the climate damages avoided and the abatement costs
incurred, while at the same time being concerned about the robustness of their policies.

6 For simplicity, here we have assumed a linear relationship between carbon emissions and atmospheric
concentration.
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There are likely to be two types of carbon leakages. When the foreign carbon tax is
low, the home policymaker will find it difficult to deliver ambitious emission reduction
without losing export advantage to the foreign country. When the foreign carbon tax
is high, the home policymakert will again find it hard to do so without being exposed
to amplified market shocks. Collectivism could be potentially profitable, but this is
not necessarily the case.

2.4 Strategic Interactions with Concerns about Robustness

We assume that home and foreign policymakers are faced with a two-stage game of
international climate policy. In the first stage, the policymakers choose their negotiating
positions, namely, unilateralism or collectivism. In the second stage, if collectivism
has been chosen, they jointly maximize global welfare to obtain

max
rh ,r f

{
uh + u f

}
. (8)

Otherwise, they maximizes national welfare independently to obtain

max
rh

{uh} + max
rh

{
u f

}
. (9)

To mimic the institution of a legally-binding international climate agreement, we rule
out the possibility of renegotiation in the second stage of the game. An example for
this setting is the Kyoto Protocol.7 The Protocol was adopted on 11 December 1997
and entered into force on 16 February 2005. It sets binding emission reduction targets
for 37 industrialized countries in its first commitment period 2008–2012. The time lag
between decision-making, action, and impacts realization puts international climate
policies under large uncertainties.

With the consequences of their policy choices not being clear, policymakers fear
that the worst-case scenario, if realized, may be dire. To model such beliefs, we follow
the theory of minimax robust optimal control to assume the existence of a fictitious
player called nature (see e.g., Zhou et al. 1996; Basar and Bernhard 2008; Basar and
Olsder 1999; Hansen and Sargent 2008; Funke and Paetz 2011). Given the home and
foreign taxes (rh and r f ), nature strategically chooses the least-favorable combination
of climatic and economic events (wh, w f , xh and x f ) to minimize home and for-
eign welfare due to carbon pricing, minwh ,xh {uh} and minw f ,x f

{
u f

}
or equivalently

(because uh is independent of w f , x f ; and vice versa),

min
wh ,w f ,xh ,x f

{
uh + u f

}
. (10)

In the case that policymakers increase the taxes (rh and r f ), nature will decrease
the impacts of climate change (xh and x f ) but increase the costs of mitigation (wh

7 See http://unfccc.int/essential_background/kyoto_protocol/items/1678.php.
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and w f ); and vice versa. This captures the policymakers’ concerns about worst-case
climate and economic outcomes.

It must be noted that in Eq. (10), uh +u f is unbounded from below on the domains
of wh, w f , xh and x f , implying unlimited uncertainties and no policy solutions to
Eqs. (8) or (9). This is unrealistic. Although not having a probability distribution of
uncertain events, the policymakers still has confidence in the maximum impact of a
policy. Therefore, a “soft-constrain” needs to be added to Eq. (10), forming

min
wh ,w f ,xh ,x f

{
uh + u f − λ1

2
w2

h − λ1

2
w2

f − λ2

2
x2

h − λ2

2
x2

h

}
. (11)

Here, λ1 > 0 and λ2 > φ, which ensures that yh + y f is strictly convex on the domains
of wh, w f , xh and x f , and therefore the minimum exists.

To understand the realistic meanings of the parameters λ1 and λ2, we solve Eq. (11)
to derive the folowing worst-case shocks (given home and foreign taxes, rh and r f ),

xh = a · (r f − (1 + τ) · rh − e), (12)

x f = a · (rh − (1 + τ) · r f − e), (13)

wh = b · rh, (14)

w f = b · r f . (15)

Here a = φ/(λ2 − φ), b = 1/λ1, and there exists a one-to-one relationships
between the parameterization of λ1 and λ2 and the values of a and b. These shocks
will be factored into the policymakers’ choice of carbon taxes as per Eqs. (8) and (9).
In other words, they are the worst-case shocks that policymakers have controlled for.

We see that the scales of λ1 and λ2 are negatively related to those of a and b, which
are in turn proportional to the sizes of wh, w f , xh and x f . In the extreme case when
λ1 and λ2 are infinite, we have a = b = 0, and wh = w f = xh = x f = 0. This
implies that policymakers are sure of the consequences of their carbon policies. As λ1
and λ2 decrease, a and b will increase, and so will wh, w f , xh and x f . This implies
that policymakers have less confidence in the impacts of their carbon policies. They
anticipate more adverse outcomes, and will therefore choose policies that are robust
under the worst-case scenario.

It turns out from above that λ1 and λ2 are negatively correlated with the policy-
makers’ concerns about worst-case climate and economic outcomes, as measured by
a and b. We shall investigate the policy implications for various a and b values (or
equivalently, various parameterizations of λ1 and λ2) shortly.

2.5 Policy Equilibria

Given the socio-economic system described above, a three-player two-stage game of
international climate policy can be formulated, which includes the home and foreign
policymakers, and the fictitious player nature. We consider the (pure strategy) sub-
game perfect equilibrium such that
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Table 1 Types of equilibria in the game of international climate policy

Collectivism Unilateralism

Higher carbon taxes Type 1 Type 4

Lower carbon taxes Type 3 Type 2

• given the least-favorable market and climate shocks, the policymakers’ negotiating
positions and carbon taxes maximize the home and foreign welfare, respectively;

• given the policymakers’ negotiating positions and the least-favorable market and
climate shocks, the carbon taxes maximize the home and foreign welfare, respec-
tively.

Depending on the policymaker’s negotiation position and carbon taxes, we anticipate
four types of equilibria to arise from the game. In Type 1 equilibrium, policymakers
act collectively and impose higher carbon taxes than they do unilaterally; in Type 2
equilibrium, policymakers act unilaterally and impose lower carbon taxes than they
do collectively; in Type 3 equilibrium, policymakers act collectively but impose lower
carbon taxes than they do unilaterally; in Type 4 equilibrium, policymakers act uni-
laterally but impose higher carbon taxes than they do collectively. The four types of
equilibria are summarized in Table 1.

It is clear that the equilibrium could be solved by backward induction. The existence
and uniqueness of equilibria in the second stage sub-game follows from Moré (1974)
and Facchinei et al. (2007). Subsequently, by comparing welfare levels of unilateralism
and collectivism, the policymakers’ choice of negotiating positions at the first stage
sub-game can be calculated.

In the following section, we explore the relationship between the policymakers’
concerns about worst-case climate and economic outcomes and their policy choices.

3 Numerical Simulation and Discussion

In this section we report the numerical results of a calibrated game of international
climate policy. In this exercise, the price elasticity of energy demand, τ in Eq. (3), is
set equal to 0.5. It implies that a 1 % increase of price will result in a 0.5 % reduction
of energy consumption and carbon emissions. This is consistent with most existing
estimates in the literature (see e.g., Stern 2012). The parameter φ in Eqs. (6) and
(7) is set equal to 0.4. It implies that a doubling of global emissions from the target
level increases global temperature by 2◦–4◦, which leads to an annual GDP loss of no
more than 10 %. This is consistent with the estimations of Stern (2007) and Nordhaus
(2008). The target-to-BAU-emissions ratio in Eqs. (6) and (7) is set equal to 16 % (i.e.,
e = −1.81). This ratio is calibrated to mimic the shift of global carbon concentration
pathway from a BAU scenario (Riahi et al. 2011) to an aggressive mitigation scenario
that keeps global mean temperature increase below 2◦ (Vuuren et al. 2011) as adopted
by the Intergovernmental Panel on Climate Change for its fifth assessment report.
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Fig. 1 Comparison between collectivism and unilateralism. Note in the upper and lower-left panels, the
red surface denotes “Collectivism” and the blue surface with strips denotes “Unilateralism” (colour figure
online)

We have simulated the policymakers’ choice of carbon taxes as per Eqs. (8) and (9),
and the worst-case climate and economic events that they have controlled for as per
Eqs. (12) to (15) under the collective and the unilateral international policy regimes,
respectively, for various combinations of a and b values. We have also calculated
the potential welfare gain from collectivism as per Eqs. (6) and (7). These results
are reported in the four panels of Fig. 1. Because the home and foreign countries
are symmetric, only one set of results is reported without being labelled as home or
foreign. Overall, our results contridict the model predictions of Ulph and Ulph (1997)
and Funke and Paetz (2011) that uncertainty justifies strong mitigation action and
facilitates international policy coordination.

In Fig. 1, the upper-left panel shows that policymakers are more likely to take up
aggressive carbon policies under a collective international regime when they are more
concerned about worst-case climate events (catastrophe) than worst-case economic
events (mitigation costs). But this is not the case as policymakers become increas-
ingly more concerned about the economic costs of mitigation. When the concerns
about worst-case climate and economic events are both large, policymakers will only
impose high carbon taxes unilaterally. Underpining carbon taxes are the policymak-
ers’ control for unfavorable climate and economic outcomes. As the upper-right panel
shows, higher carbon taxes allow policymakers to keep climate uncertainty in check
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Fig. 2 Equilibrium with various policy concerns. Note Region 1 quantifies the a and b values such that
collectivism is welfare-improving and leading to higher carbon taxes; Region 2 quantifies the a and b values
such that collectivism is welfare-improving but leading to lower carbon taxes; Region 3 quantifies the a and
b values such that unilateralism is welfare-improving and leading to lower carbon taxes; Region 4 quantifies
the a and b values such that unilateralism is welfare-improving but leading to higher carbon taxes

and reduce the severity of climate catastrophe under the least favorable scenario. How-
ever, as the lower-left panel shows, higher carbon taxes also expose policymakers to
larger economic uncertainty and increase the magnitude of output loss under the least
favorable scenario. In general, we don’t see from above a clear connection between
the policymaker’s negotiation position, carbon taxes, and the control for climate and
economic uncertainties. As a result, the welfare implications of collectivism are quite
mixed as the lower-right panel shows.

To further understand the making of international climate policy under uncertainties,
we have simulated equilibria of the game as defined in the last section for various a
and b values. The results are reported in Fig. 2, where we divide the quadrant of a and
b values into four regions, each supporting a type of equilibrium.

In Region 1, policymakers are more concerned about the worst-case climate out-
come. They anticipate that the consequences of climate change under the worst case
scenario is dire, and believe that the payoff of mitigation is clearly positive. Collec-
tive action allows both countries to impose higher carbon taxes and to constrain the
impacts of least-favorable climate shocks. So policymakers will consider collectivism
as a way to improve national welfare. This corresponds to the Type 1 equilibrium listed
in Table 1, and it is consistent with the finding of Barrett and Dannenberg (2012) that
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the incentive to coordinate is strong where threshold uncertainty surrounding the pay-
off of mitigation is small.

In Region 2, policymakers are more concerned about the worst-case economic
outcome. They worry that carbon taxes could damage their competitive advantage in
the global trade market and reduce their national welfare. So policymakers prefer to
impose lower carbon taxes and to stay away from any international climate agreements.
This corresponds to the Type 2 equilibrium, and it is consistent with the recent finding
of Barrett (2013) that international negotiation will fail if the probability of climate
catastrophe is underestimated by individual players.

In Region 3, policymakers are in a dilemma. To some extent they are aware of
the catastrophic consequences of climate change, but what worries them more is the
economic uncertainty surrounding the costs of carbon mitigation. They are willing to
enter into an international agreement but are just not ready to commit more mitigation
efforts than they would do unilaterally. This corresponds to the Type 3 equilibrium.
Barrett and Dannenberg (2014) have provided experimental evidence that the fear of
crossing a dangerous threshold can favor coordination in climate negotiations, but
uncertainty about the location of the threshold will push the players back to a pris-
oners’ dilemma. This region potentially explains the paradox of why countries would
agree to a collective goal, aimed at reducing the risk of catastrophe, but act as if they
were blind to this risk.

In Region 4, policymakers are most stressed. They have large concerns about the
catastrophic consequences of climate change as well as the economic costs of carbon
mitigation. They anticipate that the hardship of collective policy will undermine their
mitigation efforts, and therefore prefer to act along and impose higher carbon taxes
before an international binding agreement is reached. This corresponds to the Type
4 equilibrium, and it appears to support the view of Vasconcelos et al. (2013) that
“a polycentric approach involving multiple institutions is more effective than that
associated with a single, global one”.

4 Policy Implications

By construction, the global welfare as calculated in the first stage of the game (simply,
national welfare by two) is maximized in each of the equilibria as represented by the
four regions in Fig. 2, whether policymakers are precommited to coordinate carbon
taxes in the second stage or not. So there is actually no failure of policy negotiation in
terms of welfare. In other words, forcing governments into a binding agreement could
worsen global welfare due to the contagion of unfavorable economic shocks. In particu-
lar, when governments are situated in Region 4, collectivism could even lead to insuffi-
cient carbon reductions. Together, the results suggest the inappropriateness of measur-
ing the success of an international climate agreement by its engagement of countries.

The existence of Type 3 equilibrium (Region 3) implies that there is no corre-
lation between the policymakers’ concern about robustness and the desirability of
collectivism. To see this, suppose that governments are originally situated at point A.
The increase of concern about worst-case climate events (moving from A to A∗) breaks
down the existing policy alliance, but it results in more aggressive mitigation. Alter-
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natively, suppose that governments are originally at point B. The increas of concern
about worst-case economic events (moving from B to B∗) renders collectivism unde-
sirable until finally a Type 1 equilibrium (Region 1) is reached. Indeed, many more
results can be obtained by the same line of reasoning.

The numerical results above seem to provide a possible explanation to political
dynamics at the UNFCCC Conferences of Parties. In the 1990’s when the risk of cli-
mate change was under-estimated, the fear of economic uncertainty prevailed (origi-
nally in Region 2) and as a consequence the Kyoto Protocol was not able to engage all
major fossil-fuel-burning countries at that time and to thereby cover a sufficient pro-
portion of the global carbon emissions. Nowadays the worry of catastrophic climate
change grows. However, because little policy experimentation has been carried out
over in the last decade to test the responses of the global economy to carbon pricing
of any form, the concern about economic costs of mitigation stay unresolved (moving
into Region 3). Governments thus favor collectivism but end up with minor mitigation
efforts as they would do unilaterally.

5 Concluding Remarks

This paper argues that the theoretical framework which is based on maximizing
expected utility is problematic in the analysis of international climate policies when
the issues associated with climate change are historically unprecedented, and when
policymakers do not have a prior distribution over possible outcomes. It proposes a
theoretical model that extends the “maxmin” approach to address policymakers’ con-
cern about policy robustness in the least-favorable climate and economic scenarios
the making of international climate policies. Under the alternative assumption that
policymakers act strategically but choose the policy that incurs the highest possible
gain in the worst-case scenario, collectivism is shown to be not generally optimal.
Indeed, the paper provides numerical examples where unilateralism is superior for
both carbon mitigation and economic loss minimization. Hence, it is not appropriate
to judge the success of global climate talks by the extent of country engagement or
each country’s reduction commitments.

The model presented here not only improves our understanding of the current
deadlock in international climate change negotiations, it also allows us to highlight
ways in which the development of global carbon mitigation agendas could move
forward. One important implication of this study is that the approach of climate policy
negotiation should be both gradual and experimental with different policy interventions
to enable learning and should focus on mechanisms that reduce economic uncertainty.
One such device might be a “safety valve” that could be made available in order to
truncate the negative impact of unexpected market shocks (McKibbin and Wilcoxen
2002). Under the McKibbin–Wilcoxen blueprint, for instance,a hybrid policy that
combines a fixed number of tradable, long-term emissions permits with an elastic
supply of short-term permits would ensure that the abatement done within a given
country would be done at minimum cost. In addition, the focus of talks on climate
change should be on the resolution of uncertainties, especially those related to the
economic cost of mitigation policies. In this respect, what have been achieved in
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the recent UNFCCC Conferences of the Parties should be considered as successful.
Although still limited, the concrete actions that have been promised by the participating
countries allow experimentation and thus the generation of knowledge of the nature
of this policy problem. This should reduce uncertainty around the economic costs of
policies and facilitate more cooperative and ambitious mitigations in the future.
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