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Abstract

This paper analyzes the stability of international environmental agreements in a dynamic
game when the generation of both renewables and fossil fuel based energy requires spe-
cialized capital stocks or technologies, respectively. Two contract types are considered. At
an incomplete (a complete) contract, the coalition coordinates only (both) CO, emissions
(and renewable energy investments) of its members. In contrast to the results of Battag-
lini and Harstad (J Polit Econ 124:160-204, 2016) who endorse incomplete contracts to
increase the coalition size, only small coalitions are stable regardless of whether the con-
tract is complete or incomplete. This result also holds if black technology is temporary not
completely used or transfers are considered.

Keywords International environmental agreements - Black capacity - Complete contract -
Incomplete contract

JEL Classification H87 - Q54 - Q55

1 Introduction

Global warming, which is mainly driven by CO, emissions, belongs to the most serious
problems of our time.! The public good property of the atmosphere implies that coun-
tries burn too much fossil fuels and, therefore, emit too much CO, than socially optimal
by non-cooperative behavior. International environmental agreements (IEA), such as the
Kyoto-Protocol or the Paris Agreement, are a widely discussed option to coordinate the
countries’ climate policies and, therefore, reduce carbon emissions. However, there is no

' Cf. IPCC (2014).
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supranational authority that can force sovereign countries to join an IEA, so that [EAs must
be self-enforcing. Another important aspect of fossil fuel use is its high capital intensity.>
The extraction and utilization of fossil fuels requires a specialized capital stock, such as
mines, oil platforms, or fossil fuel fired power plants, which constitutes a limited capacity
to use fossil fuels. Limited extraction capacities are discussed, among others, by Campbell
(1980), Cairns and Lasserre (1991), Holland (2003), and Kollenbach (2017).

This paper aims at analyzing the role of a limited fossil fuel utilization (black) capacity
for the formation of IEAs. Both climate change and the accumulation of a black capacity
are dynamic problems. Therefore, this paper rests on the seminal work of Battaglini and
Harstad (2016), who consider a dynamic game where countries choose whether to join
a climate coalition, the contract length of the IEA, emissions, and investments in green
technologies, such as solar panels, wind turbines, hydroelectric facilities or nuclear power
plants.3 Thus, Battaglini and Harstad (2016) consider a green capacity necessary to pro-
duce renewable energy, but they neglect a black capacity by assuming that a practically
unlimited amount of fossil fuels can be used. By introducing a black capacity, fossil fuel
use becomes limited.

If the black capacity is completely used, that is if the black capacity constraint binds,
every country uses less fossil fuel and more renewables than with a non-binding constraint.
However, the promising result of Battaglini and Harstad (2016), that large climate coali-
tion can be stable if countries only negotiate on emissions but determine green technology
investments non-cooperatively (incomplete contract), disappears. Without a black capac-
ity, every signatory realizes that its green technology investments will not affect the emis-
sions of the other countries in the next period, but only weaken its bargaining position in
the negotiations of a new climate agreement. Due to this hold-up problem, the signatories
reduce their investments, which increases their emissions and, therefore, the climate dam-
age of the following period. Thus, the signatories can credibly threaten every deflecting
country to sign a short term contract and, therefore, antedating the higher climate damages.
With a black capacity, this credible threat no longer exists. Because the black capacity
determines emissions, the signatories know that their green capacity investments of the last
contract period will payoff. Consequently, they do not reduce their investments eliminating
the hold-up problem, so that only small climate coalitions are stable.

This result also holds if the black capacity constraint does not bind initially but will bind
in the future. In this case, the hold-up problem appears but it is only possible to postpone
it as long as the capacity constraint is non-binding. Consequently, only a small climate
coalition is stable in the period directly before the constraint becomes binding. Because
the countries anticipate that a large coalition is not stable in this period, the hold-problem
cannot be postponed beyond it. Therefore, also only a small coalition is stable in the prior

2 Cf. Cairns (1998, p. 234). According to the projections of Birol et al. (2019, p. 266), the capacity of gas
power stations will increase from less than 1000GW in 2000 to more than 2000GW in 2040. With respect
to coal, the capacity may stay constant at around 2000GW. In this case, 690GW capacity will be added
mainly in developing economies, while 600GW will be retired. For renewables the numbers are as follows:
photovoltaic increases from approx. S00GW in 2019 to more than 3000GW, wind increases from approx.
500GW to almost 2000GW or more, hydro increases from approx. 1250GW to approx. 2000GW. Thus,
while Birol et al. (2019) predict that renewables make up the majority of capacity additions, there are still
considerably investments into black technologies.

3 Whether nuclear power is a renewable energy source is internationally disputed. On the one hand, nuclear
power is carbon free. On the other hand, it produces atomic waste and requires uranium, which has a static
range of 120 years. Cf. Toth (2014).
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period, and so forth. In other words, the standard backward induction argument implies
that a large coalition is never stable.

IEAs are studied in economic literature since the early 1990s. Pioneering works are Hoel
(1992), Carraro and Siniscalco (1993) and Barrett (1994). Using the stability concept of
d’Aspremont et al. (1983), this literature analyses the stable size of an environmental agree-
ment or climate coalition, respectively. That is, it is analyzed at which size no country has an
incentive to join or to leave the coalition. The core result is that stable IEAs are either small
and deep or large and shallow.* There are several reasons that can explain the disparity to the
key result of the literature. Using a static model, Breton and Sbragia (2019) show that larger
coalitions can be stable if signatories not only coordinate their carbon emission abatement but
also their adaption measures. The stabilizing effect of research investments is discussed by
Barrett (2006), Hoel and de Zeeuw (2010), Rubio (2017) and Masoudi and Zaccour (2018).
Another channel that can stabilize an [EA is foresightedness. According to Diamantoudi and
Sartzetakis (2018), a large coalition can be stable if potential deviants take the policy changes
of the remaining signatories into account. Carbon border adjustments may also stabilize an
IEA by reducing free-riding incentives as shown by Al Khourdajie and Finus (2020). Due to
the countries’ asymmetry, the cooperation benefits vary among countries. Therefore, transfer
mechanisms, which reallocate the benefits either among signatories, or between fringe coun-
tries and signatories may stabilize large coalitions.’ Carraro et al. (2006) discuss both options
and also differentiate between several transfer schemes. Kornek and Edenhofer (2020) con-
sider international transfer funds and analyze which fund design performs best with respect
to a reduction of free-riding. The role of the countries’ asymmetry is highlighted by Fuentes-
Albero and Rubio (2010). Although I consider asymmetric countries, I show that transfers
among signatories are not able to stabilize large coalitions.

Because climate change is a dynamic problem, a growing number of studies make use
of multi-period models.® The dismal key result that IEAs are either small or ineffective is
confirmed by Barrett (1999). In contrast, Asheim et al. (2006) and Asheim and Holtsmark
(2009) show that larger coalitions can be stable if the signatories have the option to pun-
ish deviators. A common feature of these studies is that they focus on a repeated game
but assume carbon emissions to be a flow pollutant. A carbon emission stock is consid-
ered by Breton et al. (2010), Mason et al. (2017), Rubio and Casino (2005), and Rubio
and Ulph (2007). While the results of the latter two are in line with Barrett (1999), Bre-
ton et al. (2010) and Mason et al. (2017) show that a punishment option stabilizes larger
IEAs. Kovac and Schmidt (2021) show that large coalitions are stable if countries have
the opportunity do delay negotiations. Closest to my study is the dynamic game consid-
ered by Battaglini and Harstad (2016). They differentiate between a complete contract and
an incomplete contract. In the former case, countries coordinate both emissions and green
capacity investments, and the stable climate coalition is small. In contrast, a large climate
coalition can be stable if the signatories only coordinate emissions but leave the decision
with respect to green investments to the national authorities. In this case, a hold-up prob-
lem emerges that stabilizes coalitions.

The remainder of the paper is organized as follows: The model and preliminary results
are presented in Sect. 2. Sect. 3 analyzes the stability of climate coalition under both a
complete and an incomplete contract given that the black capacity constraint binds. The

4 See also Dixit and Olson (2000), Finus (2003), and Barrett (2005).
3 Finus (2003) gives an overview of the related literature.
© A review of this literature is given by Calvo et al. (2012).
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case of an initially non-binding capacity constraint is discussed in Sect. 4. Section 5 ana-
lyzes whether transfers can stabilize large coalitions. 6 concludes.

2 The Model

I consider an economy in discrete time that relies on building blocks of the model of Batt-
aglini and Harstad (2016). That is, I follow their assumptions if not stated otherwise. The
n € N countries of the model are divided into the groups M and F. The first group repre-
sents the members {1, ...,m} € M of an international environmental agreement. This envi-
ronmental coalition coordinates (parts of) its policy to limit climate change. The remaining
countries {m + 1,...,n} € F are non-signatories, also referred to as fringe. In every period
7 these fringe countries set their policy non-cooperatively.

2.1 Utility, Pollution, Capacity, and Technology

The benefit of country i in period 7 € {1, ..., o0} is given by

UiRi. +Bi) = =5 (5= Rie = B.)” M

Thus, the benefit depends on energy consumption, which is generated by means of renew-
able sources R, and fossil fuel B; ;. The exogenously given satiation point of energy con-
sumption is denoted by y; and @ > 0 measures the disutility of deviating from the satiation
point.” Note that the benefit function concavely increases in both R; ; and B, .. For simplic-
ity, the two energy types are perfect substitutes.

The generation of renewables requires specialized capital goods. Examples for this
green capacity or green technology, respectively, are wind turbines, solar panels and
hydropower stations. By appropriate unit choice, I assume that one capacity unit generates
one energy unit, so that R; . denotes both the green capacity necessary to generate renew-
able energy and the amount of renewable energy. To build up green capacity, the countries
invest in the respective capital goods. Green capacity of country i at time 7 + 1is given by

Ri,‘r+l = qRRi,r + ri,‘r’ (2)

where r; . denotes the capacity investments and (1 — gg) € [0, 1] is the depreciation rate of
green capacity. Following Battaglini and Harstad (2016), I assume a quadratic relationship
between investments costs k(-) and the new technology level R; ., which yields

= — = kR, ,,,, where k is a positive parameter. By requiring that investment costs are nil
i,t+1

without investments, I get®

" To ensure the comparability with the model of Battaglini and Harstad (2016), T adopt their functional
forms. In particular, I use linear-quadratic functions throughout the model. The, benefit function (1) can be
written as U;(R; , + B; ;) = -2y ay;(R;, +B; ) — g(R,-’, + B,-yr)z. Because — & is exogenous, the term can
be omitted, which gives a standard linear-quadratic function. By using (1), the parameter y; can be inter-
preted as a satiation point.

8 Solving M‘)K =kR; 4 gives k() = gRi,TH + Q, with Q as the constant of integration. Because of

k(-) = 0 for r;:]: Oand (2),IgetQ = _gqfeRir'
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K(Rz T+1> Rl 1) = <R121+1 q[2?R12‘r> (3)

While Battaglini and Harstad (2016) consider a limited green capacity, they assume that
fossil fuel extraction is costless and that the fuels are directly usable. However, extract-
ing and using fossil fuels require specialized capital goods, such as mines, pump stations
and fossil fuel fired power plants. Therefore, I introduce a corresponding black capacity.
Again, appropriate unit choice allows that B;  represents both the black capacity necessary
to extract and burn fossil fuels and the amount of fossil fuel based (black) energy.” With
respect to capacity investments and corresponding costs, I adopt the modeling of the green
capacity. That is, black capacity of country i at time = + 1 reads

B i1 =4qpBi + b, 4)

where b; , denotes the capacity investments and (1 — g) € [0, 1] is the depreciation rate of
black capacny The investments costs are given by

’1(31 T+1’B1‘L') <B,2-[+1 qBBZ >’ (5)

with [ as a positive investment cost parameter.'” While renewable energy is produced by
making use of a freely available flow of resources such as solar radiation, fossil fuels need
to be extracted. To take account of this fact, I consider extraction costs. For country i, these
are given by AB; , with positive marginal costs /.

These assumptions imply that both capacities are binding for all points of time, i.e. that
the capacities are completely used. With respect to black capacity, I relax this assumption
for early periods in sect. 4, where I assume that the black capacity B, ; is not completely
used initially. In case of the green capacity, I follow Battaglini and Harstad (2016) and
assume that the capacity is always completely used. Because green energy is clean and not
associated with further utilization costs, a country has no incentives to leave some green
capacity unused as long as the capacity does not exceed the satiation point y;. By assuming
R;| +B;; <y;foralli €N, this case is ruled out, because no country will invest into an
excess capacity. In particular, R; | + B;; < J; ensures that energy generation never exceeds
the satiation point.

In contrasts to green energy, fossil fuel extraction is costly and burning fossil fuels con-
tributes to global warming. The latter is caused by the accumulation of CO, in the atmos-
phere. The corresponding stock is denoted by G, and evolves in time according to

G, =qsG,_, + Z B; ., (6)

JjEN

where (1 — g;) € [0, 1] is the natural regeneration rate of the atmosphere. Using appro-
priate units, I assume that every black energy unit causes one carbon emission unit, so
that B; , denotes also the carbon emission of country i € N at time 7. The climate dam-
ages caused by the accumulated CO, stock are given by D(G,). Golosov et al. (2014, p.65,

® Following Battaglini and Harstad (2016), I consider a practically infinite fossil fuel stock. According to
Andruleit et al. (2012), the static range of coal reserves and resources exceeds 5000 years.

10 (5) can be derived in a similar way as (3) by using the assumptions of a quadratic relationship between
the new capacity level B; ., and the investments costs A(-), and of nil investments costs in the absence of
investments.
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78) argue that the CO, concentration to global temperature relation is concave, while the
global temperature to damage relation is convex. Therefore, they consider a linear damage
function a reasonable approximation. Following their argument and Battaglini and Harstad
(2016), I assume

D(G,) = cG,, 7

with ¢ > 0 as marginal climate damage.
Note that countries are asymmetric with respect to the satiation point y; and the capacity
endowments R; | and B, ;. In all other respects, they are identical.

2.2 Value Function

This paper uses discrete time, with each period 7 lasting Z moments. At the beginning of
each period, the countries simultaneously decide about their capacity investments. Subse-
quently, energy is produced and carbon emitted. Similar to Battaglini and Harstad (2016),
I consider an investment time-lag. One period is needed to realize capacity investments.
Therefore, energy generation and corresponding carbon emissions of period 7 are deter-
mined by the decisions of period = — 1.'" The utility of country i in period = reads
A R [T
®)
Following Battaglini and Harstad (2016), I solve the model for Markov-perfect-equilibria
(MPE) in pure strategies, so that the current state of the economy determines the strategy
of all countries.'? In other words, the history that led to the state is irrelevant. Let p > 0
denote the time preference rate and define § := ™% as discount factor. Then, the value
function of country i can be written as v;, = ¥;, — ¢, with!?

2B, -G, - X[R2

ar_
U = _E[yi_Ri,r_B 2 i,t+1 R it

o - K L,
i = 25 ’[ 5 ,,H 5CZ iy — /r+l) O($; = diryy — Ripyr) — ERi”' - 5(}’, =R _d,,m)z +¢.

(€))
d;, :=Y; — R, — B, denotes the difference between the satiation point y; and energy gen-
eration at period 7z given by R; + B;,. The effective costs of green and black capacity
investments are measured by K := k(l —g%6) and L :=1(1 — ¢36), respectively. Finally,
the social costs of carbon of one CO, unit emitted at period fread ¢ := —<— = ¢ 3% (5g5)""-
The parameter ¢ := —gdit ~Cq6Gr_y = C Xjey B, — hB;, + kqiRlzt 2ch2 is exoge-
nously given at period #, so that it can be omitted.

! Battaglini and Harstad (2016) assume that the pollution decision precedes the investment decision. I
abstain from two decision points to simplify notation. As long as an investment time-lag exists and invest-
ments are realized at the time of the next pollution decision, the results are not affected by a second deci-
sion point.

12 See Maskin and Tirole (2001), Harstad (2012), Battaglini and Harstad (2016) for more detailed discus-
sions of MPE.

13 See Online-Appendix A.1.
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2.3 Business as Usual and First-Best

At first, I characterize the non-cooperative MPE also denoted as business as usual (BAU)
and the first-best allocation. Both cases will serve as benchmarks. In case of BAU, the gov-
ernments of all countries i € N maximize their value function v;, with respect to d;, and

R;., 7 € {t+1, ..., 0}. Solving the first-order conditions yields
B =W, —AC+h) & b, =¥, -~ AC+h)—qBi,_ (10)
RBAU O, +AC+h) & ri, =®;+AC+h) —qgR,,_|, (11)
d?Y =T, +TI(C + h), (12)

. _ adK - _ _ 6(K+ad) _ asL - _ 5%a
with \IfLI - KL+a5(L+K)y i = KL+as(L+K)’ i KL+a5(L+K)y i A= KL+a5(L+K)’
IN'=———¥;, and [I= ——— Note ¥,®,I;,,A,A,II >0, which implies
KL+as(L+K) KL+as(K+L)

d?2Y > 0. Thus, the gap between the satiation point j; and energy generation R, + B; , is
positive for all countries ruling out all investment paths (7;»b; ;) which lead to an excess
energy consumption characterized by R; . + B, > y,.'* According to (12), the energy gap
d; . is small [large] for countries with a low [high] satiation point. (10) and (1 1) show that a

higher satiation point increases black energy consumption by the factor m € (0, 1),
. . .. as.
while green energy consumption is increased by the factor a0 € (0,1). Thus, a

higher satiation point boosts energy consumption but the increase is not sufficient to close
: 15
the energy gap. Rather, the gap increases by the factor m € (0,1).

The first-best allocation is determined by the maximization of ZjeN v;, with respect to

di;andR; , 7 € {t+1,...,c0} and reads
=¥, -AnC+h) & b, =¥, —AnC+h)—qgB;,_;, (13)
—(I) +AmC+h) < 1, =@ +Anc+h) —qgR; 4, (14)
dff =T, +TI(nC + h). (15)

According to (10-15), countries invest more in renewable energy and less into black capac-
ity, if the social costs of carbon C= - 5 are high and fossil fuel extraction costly. Because

()Kl >0,22 T 2 <o, % <0and 2 x 2 <o, lower costs of green capacity accumulation reflected
by a lower K = k(1 — quS) lead to higher green capacity investments and lower black
capacity investments. In contrast, a variation of the cost parameter of black capa01ty 1nvest-
ments L =I(1 — qBé) causes two opposing effects. On the one hand, E < 0 and —‘ >0
imply that higher black capacity costs decrease investments into black capacity but i 1ncrease

green capacity investments. On the other hand, the corresponding reductions of climate

14 This statement holds for all cases discussed in this paper.

15 Similar remarks hold for all subsequently discussed cases characterized by a binding black capacity con-
straint. If the constraint does not bind, the energy gap and green energy consumption are independent from
the satiation point implying that fossil fuel consumption increases with the satiation point.
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oA
i< 0 and

damages and extraction costs imply a counter effect, which is reflected by 3

M <0
oL :

Compared with the first-best solution, countries invest too much into black capacity and
too little into green capacity under the BAU regime. Carbon emissions are inefficiently
high, because they are directly determined by black capacity. This reflects the non-internal-

ized environmental damage externality.

3 IEA-Contracts

In this section, I turn to the formation of international environmental agreements or cli-
mate coalition, respectively. These agreements have to be self-enforcing, because a supra-
national authority able to enforce an agreement is missing.'® At first, I introduce the timing
of coalition formation. Subsequently, I present the stability conditions of climate coalitions
with a complete and with an incomplete contract. In the first case, the coalition members
coordinate their policies with respect to both green and black capacity investments. Note
that the latter directly determine carbon emissions. In the second case, the coalition coop-
eratively sets carbon emission but delegates the decision about green capacity investments
to the national authorities.

3.1 Timing

The timing of the model is illustrated in Fig. 1.

At first, suppose that no coalition exists at the beginning of a period. In this case, the
countries independently and simultaneously decide whether to join the coalition or not
(stage (1): coalition formation stage). Subsequently, the coalition countries negotiate the
climate contract by determining the contract duration 7 and their policy (ri’T,biqT) for all
i€M and all 7 € {1,...,T} (stage (2): negotiation stage). Finally, at the investment and
emission stage (stage (3)), the fringe countries of group F = N \ M independently and
simultaneously determine their policy (ri,r’bi,r) for the current period and all countries
invest and pollute according to their plans. The timing implies a Stackelberg game struc-
ture, where the coalition moves first in the first contract period and the fringe countries
subsequently in every period = € {1,..., T}. If a climate coalition exists at the beginning of
a period, the coalition formation stage and the negotiation stage are omitted.

3.2 Complete Contract

Consider an agreement where the m coalition members agree on r;, and b; . and, there-
fore, on R; ., and B, for all = < T and i € M. In other words, the coalition acts as a
single player who plays non-cooperatively against the fringe countries by maximizing the
aggregated value function ZJEM v;, with respect to d;, and R, ,, € {r+1,..,T+ 1}. In

contrast, the fringe countries act independently, so that their strategy is given by (10) and
(11). Thus, the strategy of the fringe depends neither on the coalition’s strategy nor on the

16 Following Hoel (1992), Carraro and Siniscalco (1993), Barrett (1994) and Battaglini and Harstad
(2016), I apply the stability concept of d’Aspremont et al. (1983).
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size of the climate coalition. The reason is that the climate damage function (7) is linear
and that there are no other externalities. Therefore, the coalition does not enjoy a first-
mover advantage although it determines its policy during the first contract period for all
7 € {1,.., T}, while fringe countries determine their strategy in every period.

Solving the first-order conditions of the coalition for B; ; and R; , yields

BY =W, —AmC+h) & b, =¥, = AmC+h)—qzB,,_;, (16)
R =@, + AmC+h) & r,,=®+AmC+h)—qgR;,_;, a7
d! =T; +TI(mC + h). (18)

If the coalition does not encompass all countries, the investments into green (black) capac-
ity are inefficiently low (high). However, the inefficiencies are smaller than in the BAU-
case, because the coalition internalizes the environmental externality within the coalition
but ignores the effect of its investment decisions on the fringe countries.

To analyze the optimal contract duration let m* denote the size of the stable coalition.
In Online-Appendix A.2, I prove Lemma 1, which determines the optimal contract length.

Lemma 1 Suppose the coalition members coordinate their black capacity investments and
their green capacity investments (complete contract). The optimal contract length is given
by

=1, ifm< m*
Ty €{1,2,..,00}, if m = m* (19)
= o0, if m > m*.

According to Lemma 1, the coalition countries sign an one-period contract if the coali-
tion size falls short of the size of the stable coalition. If the coalition is larger than the sta-
ble one, the contract is signed for an unlimited time period. In case of the stable coalition,
the members are indifferent between all possible contract lengths, because an identical con-
tract will be signed if the current contract expires.

Finally, I turn to the stability of the coalition. An IEA is self-enforcing or stable if no
fringe country has an incentive to sign the agreement (external stability) and no coalition
country has an incentive to defect (internal stability).'” Consider the stable coalition char-
acterized by (m*, T*). According to Lemma 1, the coalition countries are indifferent with
respect to the contract length. If one coalition country defects, the coalition size falls short
of m* and the remaining m* — 1 countries will sign a short-term contract of only one period.
By definition, the stable coalition is established subsequently. This implies that the defect-
ing country will enjoy its free-riding benefits for only one period. Formally, the defection
does not pay-off, if the internal stability condition

Ve, T*) > 1, (m* = 1) + 8 (m*, T*) (20)

17 Cf. d’Aspremont et al. (1983).
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Fig.1 Timing >
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holds for the signatories i € M.'8 If a fringe country joins the stable coalition (m*, T*),
the coalition size exceeds m*. In this case, Lemma 1 implies that the coalition countries
will sign a contract for all eternity. Thus, the acceding country will be part of the coalition
for all time. The accession of the fringe country does not payoff if the external stability
condition

Vi(m*, T*) 2 v¢(m* + 1, ) @1)

is satisfied for all fringe countries i € F. In Online-Appendix A.3, I prove

Proposition 1 Suppose contracts are complete and the black capacity limits fossil fuel use
for all points of time. The stable coalition consists of maximal three countries.

Proposition 1 reproduces the result of Battaglini and Harstad (2016). The free-riding
incentives with complete contracts are large, so that only a small coalition of m* =3 is
stable. Battaglini and Harstad (2016) suggest incomplete contracts, where coalition coun-
tries only agree on emission but not on green capacity investments, to increase the size
of the stable coalition. They find that in the last period of the contract a hold-up problem
emerges, which reduces green capacity investments of signatories. By extending the con-
tract length, these low capacity investments can be postponed to future periods. In case that
one signatory defects, the remaining countries can credibly threat to sign a short-term con-
tract, which antedates the underinvestment into green capacity. It is this credible threat that
stabilizes coalitions with more than three members. Whether the mechanism also works in
the presence of a black capacity is investigated in the following section.

3.3 Incomplete Contracts

In case of an incomplete contract, the signatories only coordinate their emission policies
but leave the decision with respect to green capacity investments to the national authorities.
Because emissions are determined by black capacity, the coordination of emissions implies
the cooperative determination of black capacity investments.

18 1 mark the coalition members with the superscript ¢ and fringe countries with f.
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I adopt the timing of Battaglini and Harstad (2016), which is similar to the complete
contract case. Thus, after the coalition formation stage, the coalition chooses its black
capacity investments for all i € M and all 7 € {¢,..,T} at the negotiation stage. At the
investment and emission stage, all countries simultaneously and non-cooperatively deter-
mine their national policies and the strategies are realized. In case of the fringe, the strat-
egy consists of both green and black capacity investments. In contrast, coalition countries
only decide on their green capacity investments independently.'

Because the signatories determine their green capacity investments in every period, the
timing implies a Stackelberg game structure with the coalition as the leader and the signa-
tories as the follower. A similar structure exists with respect to the coalition and the fringe.
However, the optimization problem of the fringe countries is neither affected by the degree
of cooperation inside the coalition nor by the coalition size. Therefore, their policies are
given by (10) and (11) implying that the coalition does not enjoy a first-mover advantage
with respect to the fringe’s strategy.”’ As shown subsequently, this is not true with respect
to the national policies of the signatories.

To solve the optimization problem of the coalition and its members, I rewrite the value
function of a coalition member i as

T

o asd _ 2 K L R
v (m,T) = 25 ! [ - 7()’; —Ri;y1 = Bi) — 5CZB_/,1+1 —6hB; ) — SR} i1 532”1 +8" v (22)

ir
=1 jeN 2

The coalition determines its strategy in the first contract period for all = € {1, ..., T}, while
the signatories’ national strategies are determined in every period. In other words, the coa-
lition moves first and the problem is solved by backward induction. Differentiating (22)
with respectto R, ., 7 € {2,...,T + 1}, yields the signatories’ reaction function

it

_aé
T K+ ab

[¥; — Bi.]- (23)

Thus, the coalition anticipates that it can increase the green capacity investments of the sig-
natories by reducing its black capacity investments.”! In particular, (23) is valid for period
T + 1, because the investment decision determining R; 7, is made in 7. Therefore, the coa-
lition influences emissions in the period following the expiration of the contract. Substitut-
ing (23) into (22) and maximizing ZJEM v; with respect to B; ., 7 € {2,...,T + 1} yields

it

B, =Y, — A(mC + h). (24)

The black capacity and, therefore, the emissions chosen by the coalition are identical to the
case of a complete contract. Substituting (24) into (23) gives
R, = ®; + A(mC + h), (25)

so that the green capacity investments chosen by the signatories are identical to the green
capacity investments of the coalition under a complete contract. Thus, the coalition is able

19 If a coalition already exists at the beginning of a period, the first two stages are omitted.

20 As discussed in sect. 3.2, the coalition has no first-mover advantage with respect to the fringe’s strategy
because of the linearity of the damage function (7).

21 Formally, the reaction function exists, because signatory i’s objective function (22) is quadratic in B y1-
In contrast, the fringe’s objective function (9) is linear in both B; ., and R; .., i € M, so that the coalition
cannot influence the fringe’s strategy.
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to implement the same policy as in case a complete contract. Because this policy represents
the welfare maximizing strategy for the coalition given its size m, the coalition enjoys a
first-mover advantage.?? In Online-Appendix A.4, I prove

Proposition 2 Suppose the coalition only coordinates the emission policy (incomplete con-
tracts) and the black capacity limits fossil fuel use for all points of time.

(i) The optimal contract length is given by

=1, ifm < m*
T € {1,2,...,0}, if m = m* (26)
= 00, 1fm>m*

(i) The stable coalition consists of maximal three countries.

Proposition 2 is identical with the complete contract result of sect. 3.2. This contrasts
with the findings of Battaglini and Harstad (2016), who advocate incomplete contracts to
increase the size of the stable coalition. The disparity is driven by the implicit assump-
tion of an unlimited black capacity made by Battaglini and Harstad (2016), which causes a
hold-up problem. With an unlimited black capacity, the coalition cannot control the carbon
emissions of its members in period T + 1. Consequently, the countries realize that their
green capacity investments in the last contract period will only allow them to easily reduce
their emissions in the next period but will not affect the emissions of other countries. In
other words, high green capacity investments will weaken the position of coalition mem-
bers in the negotiation of a new climate contract. To avoid this weak position, the countries
reduce their green capacity investments to the BAU-level. Because low investments imply
more fossil fuel use and, therefore, higher climate damages, all countries are interested in
postponing the hold-up problem. This stabilizes larger coalitions, because coalition coun-
tries can credibly threat to sign a short-term agreement if one country defects.

Consider now the case of a limited black capacity, such that fuel use at period 7 + 1is
determined in the previous period 7 by the black capacity investments. Recall that the coa-
lition has a first-mover advantage, which it uses to influence the green capacity investments
of its members such that these equal the value of the complete contract case. In particu-
lar, this influence is present at the last period of the contract 7, so that the green capacity
investments of this period are not reduced to the BAU-level. Consequently, the hold-up
problem and its stabilizing effect on larger coalitions is eliminated.

4 Initially Non-binding Capacity Constraint
In the previous section, I implicitly assumed that the installed black capacity constrains

fossil fuel use. In other words, I assumed a binding capacity constraint for all periods. This
assumption is relaxed in this section in the sense that the capacity constraint is non-binding

22 Under a complete contract, the coalition maximizes the aggregated welfare of the signatories with
respect to both green and black capacity.
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initially.”® Thus, I assume that X;1 < B; 1, with x; . denoting fossil fuel use of country i in
period z. By using Online-Appendix A.1, the value function of country i can be written as
vip =¥ — ¢ with

R O . } K L
V=46 + Z 5! [— gdzr -C Z (y]' - d/r) - h()’j -d;,)+sC Z Rjp1 +6hR; 1) — 2 R,2r+1 23,2,+1
=1

jeN jeN
27)
where
d =1 Vi~ R =X, ifx; . <B;,
e )_;i - Ri,‘r - Bi,‘r’ ifxi,r = Bi,‘r
and {, 1= —CqsG, + IZQR? . 2q232 +hR;; + C ¥;cy R;; is a constant. Differentiating
with respect to B; y1elds
ov;, 0
<0, (28)
aBt 7+1

if the capacity constraint does not bind in 7 + 1. Thus, country i should reduce its black
capacity as fast as possible. If arbitrary large disinvestments are possible, the capac-
ity is immediately reduced to the value of a binding capacity constraint. In other words,
the constraint binds in period 2. However, I assume that capacity can be only reduced by
(1 — gp)B; ; + a per period, with & > 0. Consequently, several periods are needed until the
capacity constraint becomes binding in period 7; > 2. For simplicity, [ assume 7, = T; = T;
for alli # j € N. This assumption is relaxed in Sect. 4.4.

4.1 Business as Usual and First-Best

Before I turn to the stability of the IEA, I characterize the business as usual and the first-
best solutions, which serve as benchmark cases. For this purpose, I rewrite the value func-
tion as

N el an 5 < K, L
Yo = Z b [_ Edi'T -¢ Z (yj - djT) - h(yi - di'r) +aC ZRNH + 5hRi'f+l 2 R! 7+1 ZBI T+1
=1 JEN JEN
+ 5r,\—1—z[ d}, V= CY (5 =dir ) = h(5 —dig ) +6C Y Ry +6hR; 1
JEN JEN
K » L, 2
- ERi,T‘ ) (y,- —Rir - di,T‘) ]
oo
+6h Y o [‘ S, = C Y (5= dy) = h(5 = di) +6C YRy oy +6hR;
=T, JEN JEN
K » L, 2
- ERi.r-H - 5()’1’ =iy _Ri.r+]) ]

29)

23 If the constraint is non-binding for all periods, the model is identical with the one of Battaglini and
Harstad (2016). Therefore, this case is not discussed in the following.
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The business as usual solution is given by the maximization of (29) with respect to d; , and
R, .., which yields**

dffuz%c) xff”=}7,-—czh_Ri,w refl,..,T, -1}, (30)
R =5 e o sCE R gk s (LT -2L G
RO =@+ AC+I) & Y =@+ AN(C+h) - quS% (32)
Bf;‘,f] =¥ —A(C+h) & bf?f’_l =¥, - AC+h) —qpB;7 ;. (33)

For r > T, + 1 the first-order conditions replicate (10) and (11).
Maximizing ZjeN v; with respect to d; . and R, ., determines the first-best allocation,
which reads

d® = ”Ca”’ o Aoy MR g oreq,..T - 1), (34)
FB _ nC+h FB _ I’lC+h
R =5 = < 7 =6 = —dxRi  TE {1,..,T, -2}, (35)
R? =@, + AnC+h) & rif_, =(I>i+A(nC+h)—qR5%, (36)
Bf’i =¥, -AmC+h) & bfg_l =¥, — A(nC +h) — qgB; 1 _;., (37)

and (13) and (14) for = > T, + 1. Comparing (10) and (30) as well as (13) and (34) reveals
that more fossil fuel is used without a binding capacity constraint under both regimes.
Analogously, (11), (14), (31), and (35) show that green energy investments are lower in
case of a non-binding black capacity constraint. In the last period of the non-binding black
capacity constraint, the investments for green and black capacity are chosen such that the
economy is adapted to the binding constraint in the next period.

4.2 Complete Contract

Consider an agreement that coordinates the green capacity investments and the carbon
emissions of the signatories. Note that the latter implies a coordination of black capacity
investments in period T, — 1. According to proposition 1, the stable coalition has maxi-
mal three members for 7 > T,. Subsequently, I analyze whether larger coalitions are pos-
sible for 7 < T,. For that purpose, differentiate Zie v V; With respect to d; . and R which
yields

iLt+1>

24 Recall that the black capacity investments are minimal until # = T, — 1 for both cases business as usual
and first-best.

@ Springer



International Environmental Agreements and Black Technology 615

mC+h¢> M5 mC+h

4 = _
a

7

-R

e TE(L.LT, -1}, (38)

C+h C+h
R, =6 K+ s =" K+ — iR,  TE(L,.T.=2),  (39)

Rl =@+ AmC+h) & 1} | =0 +AmC+h)— qRS%, (40)

—‘I’ AmC+h) & sz =¥ = AmC+h) - qzB;r . 41)

and (16) and (17) for ¢ > T, + 1. Similar to the case of a binding black capacity constraint,
coalition countries use more fossil fuel than socially optimal but less than fringe countries,
while their green capacity investments are inefficiently low but higher than in the fringe.

To analyze the size of the stable coalition, I make use of backward induction. Suppose
the coalition has more than three members in the last period with a non-binding constraint
(T, — 1). Then, the contract has to end in this period, because a binding constraint implies a
coalition of maximal three countries. The coalition is stable in T, — 1 if the internal stabil-
ity condition

us(m*, T — 1)+ 6v;p >

s 42
W(m* = 1,T, = 1)+ 6v, 7. *2)
holds for all i € M and the external stability condition
W(m* T = 1)+ 6v,p >
’ (43)

WS(m* + 1,7, — 1)+ 6,7,

holds for all i € F, where v; ;. denotes the value of country i for z > 7. In Online-Appen-
dix A.5, I prove that the coalition at time T, — 1 has maximally three members. Thus, I can
check the stability for period 7, — 2 and, subsequently, for all periods ¢ < T, — 2. The cor-
responding internal and external stability conditions read

u;(m*, Ty — 1)+ 6vp _yy 2

44
W(m* = 1T, = 7) +8v7 1. @

W(m* T = 0) + V7 _pyy > 45)
u;(m* + 1, T, — 1) + 0V 1 _ 4y

Online-Appendix A.5 together with proposition 1 prove proposition 3.

Proposition 3 Suppose contracts are complete and that the black capacity constraint does
not bind initially but becomes binding in all countries at period T,. For all periods, the sta-
ble coalition has maximally three members.

Without a black capacity constraint, Battaglini and Harstad (2016) show that the cli-
mate coalition has not more than three members under a complete contract. According to
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proposition 1, this result holds in case of a binding capacity constraint. Therefore, it is not
surprising that in a combination of both settings the stable coalition size is not larger.

4.3 Incomplete Contract

In case of an incomplete contract, Battaglini and Harstad (2016) find that coalitions with
more than three members can be stable, while proposition 2 shows that this result does not
hold if the black capacity constraint binds. In the following, I am going to analyze whether
there can be large coalitions before the capacity constraint binds under an incomplete
contract. As in sect. 3.3, I adopt the timing of Battaglini and Harstad (2016), so that the
coalition determines its emission policy on the second stage. Subsequently, the coalition
members and the fringe countries choose their national policies in every period. Again,
the timing implies a Stackelberg-structure between the coalition and the signatories and
between the coalition and the fringe. However, the linearity of the damage function implies
that the fringe’s strategy is not affected by the coalition and, therefore, given by (30-33) for
7 < T, — 1. Following the established procedure, I use backward induction to determine the
strategies of the coalition and its members.

By taking note of that v, =9, — ¢, with 9, given by (9) evaluated at T,, is inde-
pendent from the decisions made before T,, the value function of country i can be rewritten
as

T,-1

_ - a.
v =6""v + )6 1[—E(yi— . — —CZ X +R) —h(, +R,)+6C Y R, . +5hR, .,
=1 JjeN JjEN
K L, T a
2R,r+1 2311+l] +ohT _§<V — N, _CZ R .+ Bjg h(Ri.1;+Bi,T\) .
JEN
(46)

Suppose that a climate contract exists at period 7 = {1, ..., T, — 1}.>> Maximizing (46) with

respectto R, ., 7 € {2,...,T,}, yield526
aé .
= —x ), e{2,..,T.—1},
i = Ty i) Te (2T -1 (47)
aé ,_
Rir = m()’i - Bi,Tx)' (48)

The green capacity investments of the coalition members are the higher the stricter the
coordinated emission policy, which is anticipated by the coalition. Substituting (47) and
(48) into (46) and differentiating ZjeM v; with respect to x; . with 7 € {1,...,7, — 1} and
B;; yields

_ h
xM=y,.—Rl.,T—mCT+, ref{l,..T,—1}, (49)

i,7

% For 7z > T, the coalition has maximal three members.
2% For 7 < T, the differentiation of (46) with respect to B, . implies the fastest possible reduction of black
capacity.
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Bl{gx =¥ — A(mC + h). (50)

Finally, substituting into (47) and (48) gives

h
Rg=5mCK+ , re (2., T, ~ 1), (51)
R, = ®;+ A(nC +h) (52)
and, therefore,
dﬁ‘ﬁ:%"'h, ce(lT,~1). (53)

Due to its first mover advantage, the coalition can induce its members to choose their green
investments level such that they equal the coordinated policy of the complete contract. In
particular, this is true for the first period with a binding capacity constraint (7,), because of
the coalition’s black capacity investment strategy of period 7, — 1. Therefore, the hold-up
problem identified by Battaglini and Harstad (2016) does not occur. To analyze the stabil-
ity of the coalition, I use backward induction. In Online-Appendix A.6, I prove lemma 2.

Lemma 2 Suppose the climate coalition only coordinates the emission policy (incomplete
contract) and the black capacity constraint does not bind initially but becomes binding
in all countries in period T,. In period T, — 1, the stable coalition has maximally three
members.

According to Battaglini and Harstad (2016), a hold-up problems reduces the green
capacity investments in the last period of the contract below the coalition level. In case
of an unlimited black capacity, this allows the coalition countries to credibly threaten
any deviating country to sign a short-term agreement. The corresponding antedating
of the reduced green capacity investments stabilizes the coalition. In other words, the
countries are willing to form coalitions with more than three members to postpone the
hold-up problem. However, if black capacity is limited and becomes binding in the next
period, the hold-up problem cannot be postponed to future periods. Rather, the problem
is eliminated, because the decisions of period 7, — 1 determine the use of both renewa-
bles and fossil fuels in period T,. Consequently, there is no stabilizing effect and the
stable climate coalition has maximally three members.

An analogous argument can be repeated for all periods 7 < T, — 2. That is, in period
T, — 2 the hold-up problem cannot be postponed by forming a large coalition, because
any coalition with more than three members has to expire in period 7, — 2 to comply with
lemma 2. At period T = T, — 2, the coalition members choose?’

v C+h
Ry =90 K 54

2T If the contract ends at period 7, -2, the coalition countries maximize s oy ,20_4[ < 5r-n .
Vi =6 v+ BT = S (5 - Ry e

. 5 N X
=C Zjen (5 + Rig) =l +Ri) +6C Doy Ripr + 5hR, 1 = SR = 587
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At the last period of the agreement (7) the coalition members anticipate that high green
capacity investments only reduce their emissions in the next period but do not affect the
emissions of other countries. In other words, high green capacity investments weaken
country i’s bargaining power in the negotiation of a new climate contract creating the hold-
up problem. Therefore, the coalition countries underinvest in 7. For ¢ < T, (47) holds such
that the coalition’s emission policy is not affected by the hold-up problem and (49) holds
for all periods of the contract. The stability of the climate coalition is analyzed in Online-
Appendix A.7, where I prove proposition 4.

Proposition 4 Suppose the climate coalition only coordinates the emission policy (incom-
plete contract) and the black capacity constraint does not bind initially but becomes bind-
ing in all countries in period T,. In all periods © < T, — 1, the stable coalition has maxi-
mally three members.

Although the hold-up problem appears, it cannot stabilize larger coalitions as in Batt-
aglini and Harstad (2016). The reason is that the hold-up problem cannot be postponed
beyond period 7, — 1 eliminating the credible threat to sign a short-term agreement. There-
fore, the coalition size at this period cannot exceed three. This, in turn, implies that the
hold-up problem cannot be postponed beyond period 7, — 2 giving a maximal coalition
size of three. Repeating the argument for all periods v < T, — 2 yields proposition 4. In
other words, a black capacity constraint which becomes binding in the future renders the
threat of the coalition countries to end the coalition if one country diverges incredible.

4.4 AsymmetryinT,

In this section, I relax the assumption that the black capacity constraint of all countries
will become binding at the same point in time by differentiating between the group
N, C N and N;; = N\ N,, where n; denotes the size of group N,, i =1,1I. The subset
M; C N; denotes the signatories from group N;, i = I,1I with size m;, so that the num-
ber of fringe countries is given by Zi:l,ll(ni —my;). The black capacity constraint is non-
binding for both groups initially but becomes binding for group N, at time 7; and for
group Ny, at time T);, with T; < T;. Thus, I can distinguish between three time phases.
In Phase 1, which lasts from the first period until 7, — 1, the capacity constraint is
non-binding in all countries. During Phase 2, the capacity constraints binds in group
N,;, while the countries of group N, still face a non-binding constraint. This Phase
begins with period 7, and ends at T;, — 1. Finally, the capacity constraint is binding
in all countries in Phase 3, i.e. for all 7 > 7},. Because Phase 3 is identical with the
setting discussed in Sect. 3, propositions 1 and 2 hold, so that the stable coalition has
maximally three members for all = > T}, irrespective whether the climate contract is
complete or incomplete.

In Online-Appendix A.8 the problem is solved for the complete contract case by
using backward induction and by following McGinty (2007). Proposition 5 summa-
rizes the results.

Proposition 5 Consider the case of a complete climate contract. During both Phase 1 and
Phase 2 the stable climate coalition has maximally three members. Tab. 1 and 2 state the
possible stable coalitions, which depend on the size of baA.
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Because Phase 1 equals the setting of Sect. 4.2, the size of the stable coalition equals
three. This is also true for Phase 2, although some countries face a binding capac-
ity constraint, while some face a non-binding constraint. If 6aA is small, only coun-
tries with a binding capacity constraint are members of the climate coalition at period
te{T,—1,...,T; — 1}. If 6aA is sufficiently large, which is the case if both green capacity
investments and black capacity investments are cheap (low L and low K), energy consump-
tion is important (high a) and the discount factor 6 is high, also a coalition of three coun-
tries without a binding capacity constraint can be stable. However, in contrast to Phase 1
and Phase 3, a mixed coalition is not stable at period v € {T, — 1,...,T;; — 1}.

Finally, consider the case of an incomplete contract, which is discussed in detail in
Online-Appendix A.9.

Proposition 6 Consider the case of an incomplete climate contract. During both Phase 1
and Phase 2 the stable climate coalition has maximally three members. Tab. 3 and 4 state
the possible stable coalitions, which depend on the size of saA.

Similar to the complete contract case, the coalition in Phase 1 has maximally three
members. At period period 7 € {T; — 1,...,T;; — 2}, a coalition of countries which face
a binding capacity constraint is only possible if 6aA is low, while a large value of daA
implies that the coalition is formed by countries without a binding capacity constraint.

To understand the role of 6aA during Phase 2, compare the reduction of fossil fuel
use of a country without a binding black capacity constraint with the reduction of a
country facing a binding constraint when joining a climate coalition. The difference
can be written as dx; , —dB; , = C(m — 1)(5 + % - A) > 0. Differentiating with respect
to L, a, 6 and K shows that the difference is the larger the larger L and the smaller a.
While the difference increases in K, a small K ensures that the difference is the larger
the smaller 6. Thus, if 6aA is small, a country belonging to group N;; abates considera-
bly more CO, emissions than a country of group N; when joining a climate coalition.
However, this large abatement implies strong free-riding incentives for other group N,
countries, so that the coalition m’;, = 3 is not stable. Because the free-riding incentives
are weaker the larger 6aA, a coalition of countries of group N, is stable if 6aA is suffi-
ciently large.

5 Transfers

Transfers are well-established in the literature as a means to enhance the stable coalition
size.?® Because I consider asymmetric countries, I analyze in this sect. whether transfers
within the coalition can increase the size of the stable coalition. For this purpose, I follow
Caparrés and Péreau (2017), Caparrés and Finus (2020) and Fuentes-Albero and Rubio
(2010) and check whether the cooperation surplus

28 See Finus (2003) for an overview of related literature.
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Table 1 Stable coalitions in
Phase 1 under a complete
contract

Table 2 Stable coalitions in
Phase 2 under a complete
contract

Table 3 Stable coalitions in
Phase 1 under an incomplete
contract

Table 4 Stable coalitions in
Phase 2 under an incomplete
contract

SaA € re{t,.T, -2} r=T,—1
3a8 | 1 * =3 =
(3% +3:) " "
a® 3a8 | 1 =3 *=3and m* =3
(3% +l " = Jandmy
ﬁ m*=3 m* =3
K
248 1 a8 =3 *=3and m* =3
[5117_5’(1?) m m, and my,

2 as® 1 * =73 e
0.5% ~3) " "
SaA € re (T, ..T; -2} r=T,-1
[ max{2,24}, o) mf =3andm}, =3 m! =3andm}, =3
[2, 2[;) my =3 my =3andmj =3
[28.2) m; =3and m}, =3 mi =
(0,min{2,28}) my =3 m; =3
dal € te{t,..,T; -2} t=T1,-1
(%,oo) m* =3 my =3
(0’%] m* =3 m; =3andm;, =3
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(2.2) my, =3 m; =3
(1,21 m; =3and my, =3 m; =3
1 m* =3 m; =3
[2,1) my =3andmj, =3 my =3
(0,§) my =3 my =3

jeM

jeM

S(m) = Y v (m) = 3V (m=1)

(35)

is positive. The idea is that country i will only participate in a coalition if it receives at least
the payoff vf (m —1) it would get as a fringe country. Obviously, a coalition is only stable
if its aggregated welfare Z/EM v/ (m) is sufficiently large to grant each member its fringe
payoff. In Online-Appendix A.10, I prove

Proposition 7 If the capacity constraint is binding initially, transfers within the coalition
are not able to stabilize a coalition with more than three members.
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The main asymmetry in my model are the different satiation points y;. While this asym-
metry affects the countries’ strategies (cf. (10-15) and (16-18)), it enters a signatory’s
value function only via a country specific constant (cf. e.g. (9)). Due to the assumed func-
tional forms, all terms which interrelate the asymmetry with the coalition size cancel out.”’
Therefore, no coalition country is willing to pay a transfer to other countries to enlarge the
coalition.*

In case of an initially non-binding black capacity constraint, an additional asymmetry
arises due to different switching points 7;. However, Online-Appendix A.11 proves

Proposition 8 If the black capacity constraint is non-binding initially, transfers within the
coalition are not able to stabilize a coalition with more than three members.

Similar to the case with an initially binding capacity constraint, transfers are not able to
stabilize larger coalitions with an initially non-binding black capacity constraint. To further
understand Proposition 8, consider 7, < T};, a complete contract, period 7, — 1 and sup-
pose that every signatory i € M, pays a transfer u to every signatory i € M, to enlarge the
coalition. The internal stability conditions of country i € M;, M, read

2my ( C? .
(m—3)(m - 1)_667_A 7—/4 <0, forieM,, (56)
2m, C? .
(m-=3)(m—-1)+ m 7 —u) <0, fori e M,. (57)

Without transfers, no country i € N;; will participate izn a coalition with more than three
members. If the country receives a transfer of y > %,2its internal stability condition is
relaxed, so that it may join. However, a transfer of y > % implies that the internal stability
condition for signatories i € M, is violated for all m > 3. In other words, the transfer neces-
sary to prompt a country of group N, to join a coalition with more than three members will
induce the signatories of group N, to leave the coalition.

6 Conclusion

This paper analyzes the stability of international environmental agreements (IEA) or cli-
mate coalitions, respectively, in a dynamic game where the production of both renewables
and fossil fuel based energy requires the accumulation of energy generation capacities. The
results show that only small climate coalitions are stable, no matter whether the contract
coordinates both CO, emissions and renewable energy investments (complete contract) or
only CO, emissions (incomplete contract). This contrasts with the findings of Battaglini
and Harstad (2016), who endorse incomplete contracts to increase the size of stable climate
coalitions.

29 A similar remark holds with respect to fringe countries.

30 Clearly, other functional forms, such as asymmetric cost functions, may render transfers beneficial with
respect to the coalition size. However, these considerations go beyond the scope of this paper and are, there-
fore, left for further research.
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To understand the disparity, note that Battaglini and Harstad (2016) implicitly assume
an unlimited black capacity. In the last period of an incomplete climate contract, the coali-
tion members realize that high green capacity investments will only weaken their position
in the negotiations of a new climate contract and will leave their investments at low levels.
Because all countries want to postpone this underinvestment, the hold-up problem stabi-
lizes larger climate coalition. The deviation of countries is prevented by the credible threat
of the remaining signatories to sign a short-term agreement.

In case of a limited black capacity, fossil fuel use in one period is determined by the
black capacity investments made in the previous period. Because the coalition sets its pol-
icy directly after the climate contract was signed, it uses its first-mover advantage such that
the signatories set higher green capacity investments. In particular, this is true for the last
period of the climate contract. Therefore, the signatories’ green capacity investments are
not reduced in the last contract period, so that the hold-up problem does not exist. Conse-
quently, there is also no credible threat which could stabilize a large coalition.

Interestingly, this result also holds if the black capacity is limited but temporarily not
completely used. In this case, the hold-up problem emerges if the climate contract expires
at a period with a non-binding black capacity constraint. While the hold-up problem could
be postponed for some time, the countries anticipate that this is only possible as long as
the capacity constraint is non-binding. Consequently, there is no credible threat to sign a
short term agreement in the last period with a non-binding constraint, so that only a small
climate coalition is stable. By using the standard backward-induction argument, there can-
not be a large stable coalition in the prior period or in any other previous period. Neither
the introduction of asymmetry with respect to the point in time the countries face a bind-
ing black capacity constraint nor of transfers within the coalition leads to more optimistic
results.

To ensure the analytical tractability of the model, I adopted the linear-quadratic frame-
work with Markovian equilibria of Battaglini and Harstad (2016). Different solution con-
cepts and functional forms my affect the results. In particular, this seems to be true for
transfers. If countries differ with respect to climate damages or investments costs, trans-
fers may very well stabilize larger coalitions.’! However, these cases are left for further
research, as are other ignored factors, such as renegotiation and trade.
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