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Abstract
The formation and allocation of an emission quota are analyzed in a common 
agency framework with two stages. First, the principals lobby for the size of the 
aggregate quota. Second, the principals lobby for the individual slices of the quota. 
It is shown that the slices are allocated such that the marginal profits of the princi-
pals are equalized and that the size of the aggregate quota is either set at the efficient 
level characterized by the Samuelson’s rule for public goods or distorted from that 
level. When the quota is distorted from the efficient level it is set such that the aggre-
gate marginal profit is less than the marginal damage, resulting in an overallocation 
of individual and aggregate quotas. However, efficient level of the quota is obtained 
in a reasonable special case in which countries take the role of the principals. The 
results are extended to cover tradable emission permits.

Keywords  Environmental policy · Emissions trading · Common agency · Political 
economy · Quotas

JEL Classification  D72 · H40 · Q50

1  Introduction

Political process determines the structure of environmental policy. This paper 
analyses the determination of the size of aggregate emission quota and its divi-
sion between the polluters in a common agency framework. A set of principals can 
individually lobby a common agent to influence the aggregate size of the quota and 
subsequently for an increase in the slice of the quota each principal receives. The 
principals can be countries or firms, and the agent can be a regulator whose task it 
is to choose the policy structure. As a concrete example, this set-up can be used to 
describe lobbying related to effort sharing in the European Union’s climate policy. 
The member states act as the principals who influence the European Commission 
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who decides the emission reduction target at the EU level and the sharing of indi-
vidual emission reduction efforts.

The interaction between the agent and the principals is modeled with a two-stage 
game, where each stage consists of a menu auction game. In the first stage, every 
principal offers the agent a contribution schedule that is contingent on the size of the 
aggregate quota decided by the agent. Following this, the agent, who cares about the 
contribution and the social welfare the quota induces, chooses the aggregate quota. 
In the second stage of the game, given the chosen aggregate quota, every principal 
offers an additional contribution schedule to the agent, which is now contingent on 
the individual quota the principal receives. The agent then decides the division of 
the quota given that it cares about the profit/benefit of each principal and about the 
received contributions.

This paper finds that the political process distorts the size of the aggregate emis-
sion quota from the value satisfying the Samuelson’s rule for the provision of pub-
lic goods. Without lobbying, the aggregate quota, which is a public good for the 
principals, is set such that the aggregate marginal willingness to pay for the quota 
matches the marginal damage from it. Every principal uses its political influence 
to increase the size of the aggregate quota to be divided, and, after the quota has 
been set, to compete against the other principals in the division of the quota. Despite 
the apparent incentive to free-ride on the other principals’ contributions for larger 
aggregate quota, every principal finds it in its interest to contribute. This is because 
the individual quota to be allocated in the second stage, and hence, the payoff is 
increasing in the aggregate quota. The end result is that both the aggregate quota 
and the individual allocations are excessive compared to the social optimum. These 
results are extended to the case where the quotas are tradable by adding a third stage 
to the above game, where the principals can trade the quotas given for free in stage 
two. An important exception to the overallocation result occurs in the case where 
the principals’ aggregate emission damage equals the agent’s damage. In this case, 
the aggregate and individual quotas match the social optimum. The reason for this is 
that each principal offers a marginal contribution to the agent that equals the differ-
ence between its marginal profit and marginal damage, which incentivizes the agent 
to choose the aggregate quota that maximizes social welfare.

This study contributes to the literature on the choice of environmental policy 
in a political process described by a common agency.1 This literature has covered 
international environmental agreements (Habla and Winkler 2013; Marchiori et al. 
2017), international trade (Aidt 1998; Fredriksson 1997; Damania et al. 2003), over-
lapping geneneration models with an environmental tax (Karp and Rezai 2014), 
investment for clean technology (Grey 2018), corruption and environmental pol-
icy (Fredriksson and Svensson 2003) and the choice of emission tax and emission 
quota (Finkelshtain and Kislev 1997). The current paper focuses on endogenizing 
the choice of the aggregate quota and its division between lobbyists in the political 

1  Hence the political influence is direct in the form of political contributions as opposed to more indi-
rect ways of influence like persuasion and communication as in Yu (2005) and in Bramoullé and Orset 
(2018).
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process with multiple principals or lobbyists. This is in contrast with Finkelshtain 
and Kislev (1997), whose model contains only one lobby group consisting of mul-
tiple polluters. This group lobbies for an emission vector that contains the quotas of 
the polluters. In their model, the lobbyist does not directly influence the aggregate 
quota. Here, there are multiple lobbyists who lobby both for the aggregate quota and 
its division. This results in a formula for the aggregate quota (the above-mentioned 
modification of the Samuelson’s rule) and, as there are multiple lobbyists, in a com-
petition for the individual quotas using the political influence. Relatedly, Lai (2007, 
2008) also applies the common agency model, and focuses only on lobbying over 
the aggregate amount of (tradable) quotas and the decision to allocate the aggregate 
quota either by auctioning or grandfathering.2

The second stage of the model, the quota-division stage, has similarities with 
a model in Grossman and Helpman (2001), on pages 233-235, where the agent 
decides the division of a budget between two identical principals of which only one 
is organized as a lobby group. In that model, the organized principal obtains a larger 
quota compared to the equal division which is the outcome without lobbying. In the 
current model, there are multiple non-identical principals. In addition, the principals 
can use their political influence before the division stage when the agent sets the 
aggregate quota to be shared. Persson and Tabellini (1994) analyse the supply of 
local public goods that are financed at the federal level, and find that the supply of 
local public goods is larger under lobbying than under the decentralized solution. 
Here, the public good is global for the principals, and the principals can use their 
influence to change the supply decision of the aggregate quota and the allocation of 
the quota.

The study is organized as follows. Section  2 presents the model and the main 
results with a quota. This section also develops a special case with two principals. 
Section 3 extends the results to tradable quotas. Section 4 concludes.

2 � Quotas

The menu auction framework of Bernheim and Whinston (1986) is used to model 
the common agency in both stages of the game. In both stages, the principals first 
make contributions to the agent that are contingent on the agent’s choice (either 
the aggregate quota or its division) after which the agent maximizes its payoff. The 
agent chooses, at the first stage of the game, an aggregate quota E and, at the second 
stage, distributes a quota share ei for every principal i ∈ {1,… ,N} under the influ-
ence of the principals. The set of principals consists either of countries or firms, but 
the model and the results will be presented under the interpretation that the princi-
pals are countries. The necessary modifications to the model when principals are 
firms will be discussed when needed.

2  Interestingly, however, Lai’s lobbying model also includes an environmental group that can influence 
the choice over the aggregate quotas.
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Therefore, let the principals be countries. Each principal values its quota share 
according to the profit function �i that satisfies properties 𝜋�

i
(ei) > 0 and 𝜋��

i
(ei) < 0 , 

and pays the contributions it offers to the agent. In addition, each principal has pref-
erences over the aggregate quota E ∶=

∑N

i=1
ei , and these preferences are captured 

by the damage functions Di , i = 1,… ,N , with D�
i
(E) > 0 and D��

i
(E) ≥ 0 . The agent 

cares about the principals’ profit and about the damages borne by them in its juris-
diction. In addition, the agent cares about the damages outside its jurisdiction cap-
tured by damage function D0 , with D�

0
(E) > 0 and D��

0
(E) ≥ 0 . The agent’s damage 

function takes then the following form:

and satisfies D�(E) > 0 and D��(E) ≥ 0 . In addition to damages, the payoff to the 
agent consists of the principals’ profits and contributions.3

However, when the principals are interpreted as firms, it is assumed that they suf-
fer no damages from emissions. Therefore, the damage functions Di , i = 1,… ,N , 
are set in this case equal to zero. The damage function D0 describes the damages 
suffered, for example, by the consumers in the agent’s or regulator’s jurisdiction.

The model is analyzed starting from the second stage. The aggregate quota E is 
taken as given by the principals and the agent. The agent must decide an allocation 
or division of this quota between the principals. Every principal i can influence this 
division by giving contributions to the agent that are contingent on the amount of 
quota the agent allocates to principal i. Thus, every principal acts individually in 
its lobbying efforts. The agent cares about the contributions the principals give and 
about the aggregate profit the principals obtain from the emission allocation.4 The 
objective of the agent is

where � ≥ 0 is a preference parameter, and function Ci is the contribution schedule 
of principal i. At this stage, the aggregate quota is given, and the net profit for princi-
pal i is the difference between the profit and the contribution, that is, �i(ei) − Ci(ei) . 
The game proceeds as a menu auction game. First, the principals (lobby groups) 
offer contribution schedules to the agent. Second, given these schedules, the agent 
decides the division of the aggregate quota. The quota given for principal i is 
assumed to belong to [0, ēi] , where ēi is the baseline emissions for principal i. The 
equilibrium values are denoted with 0-superscripts.

(1)D(E) =

N∑
i=1

Di(E) + D0(E),

(2)
N∑
i=1

Ci(ei) + �

N∑
i=1

�i(ei),

3  The inclusion of D
0
 only into the agent’s damage function implies that the agent is altruistic in that 

it cares about damages occurring outside its jurisdiction, while the countries care only about their own 
damages.
4  Note that the damages have no role in the allocation of the quota between the lobbyists because the 
pollution is uniform.
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Bernheim and Whinston (1986) show that an equilibrium exists, and they char-
acterize all the equilibria of the type of menu auction used in either of the stages. In 
addition, they argue that there typically exists multiple equilibria. Their characteri-
zation result is taken as a definition here, and it is as follows:5

Definition 1  An allocation ((e0
i
,C0

i
)N
i=1

) , is a Nash equilibrium in the individual 
quota allocation-game if and only if 

1.	 C0
i
≥ 0 for all i = 1,… ,N,

2.	 (e0
i
)N
i=1

 maximizes 

 subject to E =
∑N

i=1
ei,

3.	 (e0
i
)N
i=1

 maximizes 

 subject to E =
∑N

i=1
ei , for all j = 1,… ,N,

4.	 there exists a (e−j
i
)N
i=1

 that maximizes 
∑N

i=1
C0
i
(ei) + �

∑N

i=1
�i(ei) subject to 

E =
∑N

i=1
ei , such that C0

j
(e

−j

j
) = 0 for every j = 1,… ,N.

The first condition means that the contributions are feasible. The second says that 
the equilibrium allocation of quotas maximizes agent’s payoff subject to the condi-
tion that total allocation equals the aggregate quota decided in the previous stage of 
the game. Third, it also maximizes the joint payoff of any principal and the agent 
under the same constraint. The final condition says that there exists, for each prin-
cipal j, a quota allocation vector that gives the agent equal payoff as the equilibrium 
payoff but with principal j contributing nothing.

Bernheim and Whinston (1986) also argue that there exists a subset of the equi-
libria called truthful equilibria, and it is these equilibria on which the applied litera-
ture has focused. The definition of a truthful contribution given by Bernheim and 
Whinston (1986), applied to the current context, says that a contribution schedule Ci 
is truthful relative to agent’s choice êi if and only if for all ei either (i)

or (ii)

(3)
N∑
i=1

C0
i
(ei) + �

N∑
i=1

�i(ei),

(4)�j(ej) − C0
j
(ej) +

N∑
i=1

C0
i
(ei) + �

N∑
i=1

�i(ei),

(5)𝜋i(ei) − Ci(ei) = 𝜋i(êi) − Ci(êi),

(6)𝜋i(ei) − Ci(ei) < 𝜋i(êi) − Ci(êi) and Ci(ei) = 0.

5  In the definition, e0
i
 ’s are numbers, and C0

i
 ’s are functions.
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In addition, a collection of quotas and contributions ((e0
i
,C0

i
)N
i=1

) is called a truthful 
Nash equilibrium if and only if it is a Nash equilibrium, and C0

i
 is truthful relative to 

e0
i
 for each principal i.
Equation (5) implies that C�

i
(ei) = �

�
i
(ei) for all ei for which Ci(ei) > 0 . There-

fore, the contribution of principal i in a truthful Nash equilibrium is differentiable 
everywhere except at a point for which Ci = 0 , and every neighbourhood of the 
point contains other points with Ci > 0 . In addition, the graph of Ci has the same 
shape as the graph of �i whenever contribution is strictly positive.

Proposition 1  Suppose that the agent divides an aggregate quota E betweenN prin-
cipals who all act as lobby groups. Then, in a truthful Nash equilibrium with inte-
rior quotas for each group and strictly positive contributions, the groups’ quotas 
and contributions satisfy the following conditions:

(i)	� (e0
i
)N
i=1

 satisfies equations ��
k
(ek) = �

�
j
(ej) for all k and j, and 

∑N

i=1
ei = E,

(ii)	� the contribution schedule of principal i is

for all i = 1,… ,N.

Proof  See Appendix A.1. 	�  ◻

Part (i) shows that the allocation of individual emission quotas between the 
principals is the same as when the principals do not participate in the lobbying 
activity, that is, the emission allocation under lobbying solves the problem 
max(ei)Ni

{
∑N

i=1
�i(ei)} subject to the constraint E =

∑N

i=1
ei . Thus, the marginal 

profits are equalized across principals. This is expected as the agent weights the 
contributions and the emission profits of different principals in the same way 
using parameter � . If, somehow, the principals were able to coordinate their 
actions, and agree that none of them contributes anything, they would achieve the 
same emission quota allocation as above. However, as this is not feasible, every 
principal reasons that it is in the best interest of the principal to contribute since 
others contribute. The equilibrium individual quota for principal i depends on E 
and solves ��

N
(E −

∑N−1

i=1
ei) − �

�
i
(ei) = 0 . Denote it with ei(E) . It can be shown 

that dei∕dE > 0 (see Appendix A.2). Hence, as intuition suggests, from the profit 
perspective the principals would like the aggregate quota to be as large as possi-
ble because their profits increase in the aggregate quota.

C0
i
(ei) = −�

e0
i

ei

�
�
i
(�) d� +

N∑
j = 1

j ≠ i

(
C0
j
(e−i

j
) − C0

j
(e0

j
)
)

+ �

(
N∑
j=1

�j(e
−i
j
) −

N∑
j=1

�j(e
0
j
)

)
,
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If there is only one principal, then that principal does not need to lobby at all at 
this stage, since it receives the whole cake anyway. But, as there are multiple lobby-
ists, the purpose of giving contributions to the agent is to guarantee that the agent 
has no incentives to deviate from the allocation that maximizes the aggregate profits 
of the lobbyists. In equilibrium, the contribution of principal i is

In order to rewrite the equilibrium contribution of principal i, take principal j in Part 
(ii) of Proposition 1 and plug ej = e−i

j
 into its equilibrium contribution function. 

Subtracting the equilibrium value of the contribution from it gives

Therefore the equilibrium contribution for principal i can be rewritten as

The contribution of principal i equals the difference between the joint profit of the 
other lobby groups and the agent when principal i does not contribute and when it 
contributes. This conclusion is similar with the two lobby case in (Grossman and 
Helpman (1994), Example 2).6

The analysis now proceeds to Stage 1, where the principals first give contribu-
tions to the agent that are contingent on the size of the aggregate quota. The agent 
then chooses the quota in order to maximize its payoff. Let principal i’s profit, as a 
function of the aggregate quota, be Πi(E) ∶= �i(ei(E)) and assume that Π��

i
< 0.7 The 

payoff for principal i is

where Ki is the contribution schedule. Define the social welfare obtained from the 
quota with

(7)
C0
i
(e0

i
) =

N∑
j = 1

j ≠ i

(
C0
j
(e−i

j
) − C0

j
(e0

j
)
)
+ �

(
N∑
j=1

�j(e
−i
j
) −

N∑
j=1

�j(e
0
j
)

)
.

(8)C0
j
(e−i

j
) − C0

j
(e0

j
) = �j(e

−i
j
) − �j(e

0
j
) for any j ≠ i.

(9)C0
i
(e0

i
) =

N�
j = 1

j ≠ i

�j(e
−i
j
) + �

N�
j=1

�j(e
−i
j
) −

⎛
⎜⎜⎜⎜⎜⎝

N�
j = 1

j ≠ i

�j(e
0
j
) + �

N�
j=1

�j(e
0
j
)

⎞
⎟⎟⎟⎟⎟⎠

.

(10)Πi(E) − Di(E) − Ki(E),

6  In general, a menu auction model could have multiple truthful equilibria. Uniqueness is shown in 
Appendix A.3 in a special case with two principals using the results from Laussel and Le Breton (2001) 
and Bergemann and Välimäki (2003). This special case is further investigated after studying Stage 1.
7  A sufficient condition for this is that �i is a quadratic function (as then dei∕dE is a constant).
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and the agent’s payoff with

Like in the previous stage, a result from Bernheim and Whinston (1986) is applied 
as a definition in order to characterize the equilibrium:

Definition 2  An allocation (E0, (K0
i
)N
i=1

) , is a Nash equilibrium in the aggregate 
quota-game if and only if 

1.	 K0
i
≥ 0 for all i = 1,… ,N,

2.	 E0 maximizes 

3.	 E0 maximizes 

 for all j = 1,… ,N,
4.	 there exists a E−j that maximizes 

∑N

i=1
K0
i
(E) + �

�∑N

i=1
Πi(E) − D(E)

�
 , such that 

K0
j
(E−j) = 0 for every j = 1,… ,N.

The interpretation of these conditions is similar to the previous definition and 
is omitted. Truthful Nash equilibrium is defined in a similar way as in Stage 2.

Proposition 2  Suppose that the agent sets the aggregate quota for the principals 
who all act as lobby groups. Then, in a truthful Nash equilibrium with an interior 
aggregate quota and strictly positive contributions, the aggregate quota and the 
contributions satisfy the following conditions:

(i)	� E0 satisfies equation

(ii)	� the contribution schedule of principal i is

(11)W(E) ∶=

N∑
i=1

Πi(E) − D(E),

(12)
N∑
i=1

Ki(E) + �W(E).

(13)
N∑
i=1

K0
i
(E) + �

(
N∑
i=1

Πi(E) − D(E)

)
,

(14)Πj(E) − Dj(E) − K0
j
(E) +

N∑
i=1

K0
i
(E) + �

(
N∑
i=1

Πi(E) − D(E)

)
,

(15)
N∑
i=1

Π�
i
(E) − D�(E) = −

1

�

N∑
i=1

(
Π�

i
(E) − D�

i
(E)

)
.
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for all i = 1,… ,N.

Proof  See Appendix A.4. 	�  ◻

The aggregate quota is essentially a public good for the principals (countries). 
Equation (15) governs its allocation when every principal on the demand side, 
enjoying the good, acts as a lobby group with an interest to influence the provision. 
Without lobbying one obtains the Samuelson’s rule stating that the aggregate mar-
ginal profit from the quota, or the marginal willingness to pay, equals the marginal 
damages from it. Note that the terms 

∑N

i=1
Π�

i
(E) − D�(E) and 

∑N

i=1

�
Π�

i
(E) − D�

i
(E)

�
 

have opposite signs, and that inequality D�(E) >
∑N

i=1
D�

i
(E) implies then that ine-

quality 
∑N

i=1
Π�

i
(E) − D�(E) < 0 holds. Equation (15) shows therefore that when the 

principals engage in lobbying the difference between the aggregate marginal profit 
and marginal damage is strictly negative. Hence, the equilibrium quota is excessive 
compared to the social optimum obtained from the Samuelson’s rule.

However, an important corollary of this result is obtained in the special case 
where the agent’s damage function D equals the sum of the principals’ damage 
functions:

Corollary 1  When the principals are countries and the agent’s damage function 
equals the aggregate damage of the principals (i.e., D0(E) = 0 ), the aggregate quota 
is set at the efficient level.

This case is a reasonable description, and it implies that both the aggregate and 
the individual quotas are at their socially optimal levels. The reason for this is that 
the equilibrium marginal contribution of principal i equals the difference between 
i’s marginal profit and marginal damage. This implies that the aggregate marginal 
contribution equals the sum of the difference between marginal profits and marginal 
damages. Because the agent cares about the aggregate contribution and the social 
welfare, and because these are at the margin the same in equilibrium, the agent 
chooses the aggregate quota as if to maximize the social welfare. Hence, the effi-
ciency result is obtained.

The overallocation result of Proposition 2 holds in particular when the principals 
are firms. In this case, the equilibrium aggregate quota satisfies equation

K0
i
(E) = −�

E0

E

(
Πi� (�) − Di� (�)

)
d� +

N∑
j = 1

j ≠ i

(
K0
j
(E−i) − K0

j
(E0)

)

+ �
(
W(E−i) −W(E0)

)
,

(16)
N∑
i=1

Π�
i
(E) − D�(E) = −

1

�

N∑
i=1

Π�
i
(E).
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because the marginal damages D′
i
 are dropped from the above result. Using equation 

�
�
k
(ek(E))) = �

�
j
(ej(E)) for every k and j (from Proposition 1), Equation (15) can be 

rewritten as

which is the same condition as the one in the result on the allocation of individual 
quotas presented in Finkelshtain and Kislev (1997).8 In their model, the lobby group 
consists of multiple polluters, and this group exerts lobbying effort to influence the 
agent’s choice over the individual quotas given to the polluters. Here the polluters 
act individually in their lobbying efforts and the individual quotas depend on the 
aggregate size of the quota, which is also under political pressure. Equation (17) 
says that the aggregate quota is set such that the difference between the marginal 
profit from individual quota and the marginal damage is strictly negative for any of 
the principals. Hence, there is an overallocation of individual quotas compared to 
the social optimum where marginal profit equals marginal damages. Interestingly, 
because (17) matches the condition in Finkelshtain and Kislev (1997), the size of the 
aggregate quota and its allocation between the firms is the same in the models.

Applying the implicit function theorem to Equation (15) gives

which means that the less the agent cares about social welfare, the larger will be the 
quota, and the greater will be the difference between the equilibrium quota and the 
social optimum. In addition, as the individual quotas are ei(E) , the above implies 
that

As with the aggregate quota, the individual quotas are larger if the agent cares less 
about the social welfare (or the benefits to the principals).

This section is concluded with a special case of two principals using a linear-
quadratic specification often applied in the international environmental agree-
ments literature including for example Barrett (1994) and Marchiori et al. (2017).9 
This special case illustrates how asymmetry between the principals affects the 
equilibrium quotas. Let there be two principals (countries) with payoff functions 
𝜋i(ei) = 𝜋̄i − (ci∕2)(ēi − ei)

2 where 𝜋̄i > 0 , ci > 0 and ēi > 0 . Let the principals’ 
damage functions be D1(E) = d1E and D2(E) = d2E , and let the damages outside 

(17)�
�
i
(ei(E)) − D�(E) = −

1

�
�
�
i
(ei(E)),

(18)
dE

d𝛼
= −

∑N

i=1
Π�

i
(E) − D�(E)

∑N

i=1

�
Π��

i
(E) − D��

i
(E)

�
+ 𝛼(

∑N

i=1
Π��

i
(E) − D��(E))

< 0,

(19)
dei

d𝛼
=

dei

dE

dE

d𝛼
< 0.

9  It is shown in Appendix A.5 that the stage 1 truthful equilibrium is unique.

8  A difference in the models is that in their model the aggregate contribution is multiplied by the prefer-
ence parameter �.
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the agent’s jurisdiction be D0(E) = d0E . The agent’s damage from quota is then 
D(E) = d0E + d1E + d2E . The equilibrium quotas given to the principals are

and the equilibrium aggregate quota is

Details on the calculations are presented in Appendix A.6. The interesting param-
eters are the marginal damage parameters, di , i = 0, 1, 2 , and the slope parameters, c1 
and c2 , of the marginal profit functions (or the marginal abatement costs). Notice that 
the individual quotas and the aggregate quota are lower for higher marginal damage 
parameters. Also, the quotas depend on the sum of principals’ damage parameters d1 
and d2 , but the effect of an increase in one of these parameters is asymmetrical: an 
increase in principal i’s damage parameter di has a larger effect on the quota of the 
principal that has a lower slope parameter. In other words, greater emission induced 
harm implies that the quota decreases more for the principal to whom it is less costly 
to decrease emissions.

3 � Tradable quotas

Similar overallocation of individual and aggregate quotas occurs also when the dis-
tributed quotas are tradable among the principals. The principals lobby in the first 
stage of the game over the total amount of emission permits (i.e., aggregate quota). 
In the second stage, the principals lobby over the initial allocations of permits given 
for free to each principal (i.e., individual quotas). The difference in the game struc-
ture compared to the non-tradable quotas is the market for permits in which the prin-
cipals can trade their permits after the second stage of the game. Hence, the third 
stage is described by a competitive equilibrium in the permit market.

Let E be the aggregate quota and ei be the share of it given for free to principal i. 
The principal values it according to the payoff function �i , which is the value func-
tion of principal’s third stage problem.10 Clearly, the reasoning used in Proposition 1 
can be applied also for tradable quotas, and hence ��

k
(ek) = �

�
j
(ej) for all principals k 

and j. As the marginal valuation is given by equation ��
i
(ei) = p , where p is the per-

mit price, the equilibrium permit price is characterized by the following result:

Proposition 3  Suppose that the agent sets an aggregate quota and distributes it for 
free to the principals who all act as lobby groups and who are allowed to trade their 
emission quotas. Then, in a truthful Nash equilibrium with an interior aggregate 

(20)(e0
1
, e0

2
) =

(
ē1 −

𝛼

1 + 𝛼

d0

c1
−

d1 + d2

c1
, ē2 −

𝛼

1 + 𝛼

d0

c2
−

d1 + d2

c2

)
,

(21)E0 = Ē − d0
𝛼

1 + 𝛼

c1 + c2

c1c2
− (d1 + d2)

c1 + c2

c1c2
.

10  That is, �i(ei) ∶= max{zi}
{bi(zi) − p(zi − ei)} , where zi are principal’s emissions, bi is the profit func-

tion and p is the permit price.
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quota and strictly positive contributions, the equilibrium permit price p0 satisfies 
equation

Proof  The proof is similar to the ones related to non-tradable quotas and is omitted. 	
� ◻

Lobbying over the total amount of emission permits and their free allocation 
drives a wedge between the price of permits and the marginal damages from emis-
sions, and this wedge is given by the right-side of Equation (22). Hence, the price 
is strictly lower than the marginal damages compared to the case without lobbying. 
It follows that both the total amount of emissions and the free allocation for every 
principal is larger in a lobbying equilibrium compared to social optimum. If the per-
mits are auctioned instead of given away for free, the model simplifies to one with 
lobbying over the aggregate quota followed by the auction. As long as the marginal 
payoffs �′

i
 are equalized with the price for each principal, Equation (22) continues to 

characterize the equilibrium price.

4 � Conclusion

This paper showed how the aggregate emission quota and its individual allocations 
are distorted from the social optimum in a political economy model, in which a set 
of special interest groups or principals (either firms or countries) influence a com-
mon agent. When the principals are firms who have no preferences over emission 
damages, the aggregate emission quota is excessive compared to the value given 
by the Samuelson’s rule, and the individual quotas are all larger than their socially 
optimal counterparts. This result also holds when the principals are countries, who 
suffer damages from aggregate emissions, except when the agent’s and the princi-
pals’ aggregate damages are equal. As a practical example, lobbying is a distinctive 
feature of the formation of the European Union’s climate policy. When the princi-
pals are interpreted as member states and the agent as the European Commission, 
the results show, except for the above case, that both the EU-wide target level for 
emission reduction and the distribution of the emission reduction efforts across the 
member states are excessive compared to the situation without lobbying.

Appendix

Proof of proposition 1

Part (i): Definition 1 (Part (2)) implies that (e0
i
)N
i=1

 satisfies equation

(22)p − D�(E) = −
1

�

(
p −

N∑
i=1

Di(E)

)
.
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for all i ≠ N . Part (3), which involves N different constrained maximization prob-
lems, implies that (e0

i
)N
i=1

 satisfies, for any j ≠ N , equations

and, for j = N

Solving for C0
N
�
�
E −

∑N−1

i=1
ei

�
 and C0

i
�(ei) from equations (A.2) and (A.4) gives

which both hold for any i ≠ N . Plugging these into Equation (A.1) gives equation 
−
�
�
�
i
(ei) − �

�
N
(E −

∑N−1

i=1
ei)

�
− �

�
�
�
i
(ei) − �

�
N
(E −

∑N−1

i=1
ei)

�
= 0 , from which the 

result follows (as � ≥ 0).
Part (ii): Equations (A.1) and (A.2) imply C0

i
�(ei) = �

�
i
(ei) for all i ≠ N , and equa-

tions (A.1), (A.4) and E =
∑N

i=1
ei imply C0

N
�(eN) = �

�
N
(eN) . As the contribution sched-

ules are assumed truthful, these equations hold for each quota level with strictly posi-
tive contribution and give for every i schedules of the form

for some constant ki and emission level ei+ (the largest emission level for which the 
contribution is zero). To determine ki ’s note that by Part (2) and Part (4) of Defini-
tion 1, there exists for every i a (e−i

j
)N
j=1

 such that

(A.1)C0
i
�(ei) − C0

N
�

(
E −

N−1∑
i=1

ei

)
+ �

(
�
�
i
(ei) − �

�
N

(
E −

N−1∑
i=1

ei

))
= 0,

(A.2)�
�
j
(ej) − C0

N
�

(
E −

N−1∑
i=1

ei

)
+ �

(
�
�
j
(ej) − �

�
N
(E −

N−1∑
i=1

ei)

)
= 0,

(A.3)

C0
i
�(ei) − C0

N
�

(
E −

N−1∑
i=1

ei

)
+ �

(
�
�
i
(ei) − �

�
N
(E −

N−1∑
i=1

ei)

)
= 0, for all i ≠ j,

(A.4)

−��
N
(E −

N−1∑
i=1

ei) + C0
i
�(ei) + �

(
�
�
i
(ei) − �

�
N
(E −

N−1∑
i=1

ei)

)
= 0, for all i ≠ N.

(A.5)C0
N
�

(
E −

N−1∑
i=1

ei

)
= �

�
i
(ei) + �

(
�
�
i
(ei) − �

�
N
(E −

N−1∑
i=1

ei)

)
,

(A.6)C0
i
�(ei) = �

�
N
(E −

N−1∑
i=1

ei) − �

(
�
�
i
(ei) − �

�
N
(E −

N−1∑
i=1

ei)

)
,

(A.7)C0
i
(ei) = ∫

ei

ei+

�
�
i
(�) d� + ki,
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This implies

Then

and hence

Calculation of de
i
∕dE

Equation ��
i
(ei) − �

�
N
(E −

∑N−1

i=1
ei) = 0 for i ≠ N implies that

and equations ��
i
(ei) = �

�
j
(ej) for all i and for all j that

Plugging the latter ones into the former, gives

(A.8)

N∑
j = 1

j ≠ i

C0
j
(e−i

j
) + �

N∑
j=1

�j(e
−i
j
) =

N∑
j=1

C0
j
(e0

j
) + �

N∑
j=1

�j(e
0
j
).

(A.9)
C0
i
(e0

i
) =

N∑
j = 1

j ≠ i

(
C0
j
(e−i

j
) − C0

j
(e0

j
)
)
+ �

(
N∑
j=1

�j(e
−i
j
) −

N∑
j=1

�j(e
0
j
)

)
.

(A.10)

ki = −�
e0
i

ei+

�
�
i
(�) d� +

N∑
j = 1

j ≠ i

(
C0
j
(e−i

j
) − C0

j
(e0

j
)
)
+ �

(
N∑
j=1

�j(e
−i
j
) −

N∑
j=1

�j(e
0
j
)

)
,

(A.11)

C0
i
(ei) = − �

e0
i

ei

�i� (�) d� +

N∑
j = 1

j ≠ i

(
C0
j
(e−i

j
) − C0

j
(e0

j
)
)
+ �

(
N∑
j=1

�j(e
−i
j
) −

N∑
j=1

�j(e
0
j
)

)

(A.12)

(
�
��
i
(ei) + �

��
N
(eN)

)dei
dE

+

N−1∑
j = 1

j ≠ i

�
��
N
(eN)

dej

dE
= �

��
N
(eN),

(A.13)
dej

dE
=

�
��
i
(ei)

�
��
j
(ej)

dei

dE
for all i, j.

(A.14)

dei

dE
=

𝜋
��
N
(eN)

𝜋
��
i
(ei) + 𝜋

��
N
(eN) +

∑N−1

j = 1

j ≠ i

𝜋
��
N
(eN)

𝜋
��
i
(ei)

𝜋
��
j
(ej)

> 0, for i ≠ N.
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For the principal N, Equation ��
i
(ei) = �

�
N
(eN) and (A.14) imply that

Uniqueness of the stage 2 equilibrium with N = 2

Proposition 4  Suppose that N = 2 . The truthful equilibrium of the quota division 
stage is unique.

Proof  Let Γ be the set of all principals, S ⊂ Γ and −S ∶= Γ ⧵ S . Define the maxi-
mized joint payoff of the principals in S and the agent as

Laussel and Breton (2001) and Bergemann and Välimäki (2003) show that the fol-
lowing condition is sufficient for the uniqueness of the truthful Nash equilibrium: for 
all subsets S and T of Γ with S ∩ T = �,

Note that for S = Γ and for S = � the optimal emissions in (A.16) are the same (but 
that WΓ > W� ). Denote these emissions with ei,∗ for each i. Then

To rewrite W−S , let ei,S be the optimal emissions for principals in S and ei,−S be the 
optimal emissions for principals in −S . Then

Assume first that one of the sets S or T is the empty set. Let it be S. Then 
W−(S∪T) = W−T , and therefore (A.17) becomes WΓ −W−S ≤ 0 , which is true 
because W−S = WΓ . Suppose then that S, T ≠ ∅ and S ∩ T = � (hence both sets have 
a single principal in them). In this case −(S ∪ T) = � , which implies

Let principal 1 belong to −S . Then the left-side of (A.17) can be written as

(A.15)

deN

dE
=

𝜋
��
i
(ei)

𝜋
��
i
(ei) + 𝜋

��
N
(eN) +

∑N−1

j = 1

j ≠ i

𝜋
��
N
(eN)

𝜋
��
i
(ei)

𝜋
��
j
(ej)

> 0.

(A.16)WS ∶= max
{e1,…,eN ,

∑
ei=E}

��
i∈S

�i(ei) + �

�
i∈Γ

�i(ei)

�
,

(A.17)WΓ −W−S −W−T +W−(S∪T) ≤ 0.

(A.18)WΓ = (1 + �)
∑
i∈Γ

�i(ei,∗).

(A.19)W−S = (1 + �)
∑
i∈−S

�i(ei,−S) + �

∑
i∈S

�i(ei,S).

(A.20)W−(S∪T) = �

∑
i∈Γ

�i(ei,∗).
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Definition in (A.16) implies that

and

These can be used to evaluate (A.22) upwards as

Hence the truthful equilibrium is unique. 	�  ◻

Proof of proposition 2

Part (i): Part (2) of Definition 2 implies that

and Part (3) that for all j

Together these imply that Π�
j
(E) − D�

j
(E) = K0

j
�(E) for all j. The desired equation fol-

lows from (A.27).
Part (ii): The proof is similar to the proof of the second part of Proposition 1 and 

is omitted.

Uniqueness of the stage 1 equilibrium with N = 2

Proposition 5  Suppose that N = 2 . The truthful equilibrium of the aggregate quota 
stage is unique.

(A.21)(1 + �)
∑
i∈Γ

�i(ei,∗) − (1 + �)�1(e1,−S) − ��2(e2,S)

(A.22)− (1 + �)�2(e2,−T ) − ��1(e1,T ) + �

∑
i∈Γ

�i(ei,∗).

(A.23)(1 + �)�1(e1,−S) + ��2(e2,S) ≥ (1 + �)�1(e1,∗) + ��2(e2,∗),

(A.24)(1 + �)�2(e2,−T ) + ��1(e1,T ) ≥ (1 + �)�2(e2,∗) + ��1(e1,∗).

(A.25)≤ (1 + �)
∑
i∈Γ

�i(ei,∗) − (1 + �)�1(e1,∗) − ��2(e2,∗)

(A.26)− (1 + �)�2(e2,∗) − ��1(e1,∗) + �

∑
i∈Γ

�i(ei,∗) = 0.

(A.27)
N∑
i=1

K0
i
�(E) + �

(
N∑
i=1

Π�
i
(E) − D�(E)

)
= 0,

(A.28)Π�
j
(E) − D�

j
(E) − K0

j
�(E) +

N∑
i=1

K0
i
�(E) + �

(
N∑
i=1

Π�
i
(E) − D�(E)

)
= 0.
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Proof  Define

Denote the maximizer with ES for all non-empty sets, and with E∗ for the empty set. 
It will be shown that the inequality

holds for all S, T ⊂ Γ , S ∩ T = �.
Suppose that S = � . Then M−(S∪T) = M−T and M−S = MΓ , which implies that 

(A.30) holds as an equality. Suppose then that S, T ≠ ∅ and S ∩ T = � . Define

and recall that W(E) =
∑

i∈Γ Πi(E) − D(E) . Then

where the inequality follows from the definition in (A.29) applied to −S , −T  and Γ , 
and the last equality from PΓ(EΓ) = P−S(EΓ) + P−T (EΓ) . The terms in (A.38) can be 
written as

because EΓ > E∗ . The right-side equals W(EΓ) −W(E∗) , which is strictly negative 
by (A.29). This means that the truthful equilibrium is unique. 	�  ◻

(A.29)MS ∶= max
{E}

{∑
i∈S

(
Πi(E) − Di(E)

)
+ �

(∑
i∈Γ

Πi(E) − D(E)

)}
.

(A.30)2MΓ −M−S −M−T −MΓ +M−(S∪T) ≤ 0,

(A.31)PS(E) ∶=
∑
i∈S

(
Πi(E) − Di(E)

)
,

(A.32)2MΓ −M−S −M−T −MΓ +M−(S∪T)

(A.33)= 2(PΓ(EΓ) + �W(EΓ)) − P−S(E−S) − �W(E−S)

(A.34)− P−T (E−T ) − �W(E−T ) − PΓ(EΓ) − �W(EΓ) + �W(E∗)

(A.35)≤ 2(PΓ(EΓ) + �W(EΓ)) − P−S(EΓ) − �W(EΓ)

(A.36)− P−T (EΓ) − �W(EΓ) − PΓ(E∗) − �W(E∗) + �W(E∗)

(A.37)= 2PΓ(EΓ) − P−S(EΓ) − P−T (EΓ) − PΓ(E∗)

(A.38)= PΓ(EΓ) − PΓ(E∗),

(A.39)PΓ(EΓ) − PΓ(E∗) = PΓ(EΓ) + D0(E∗) − PΓ(E∗) − D0(E∗)

(A.40)= PΓ(EΓ) + D0(E∗) −W(E∗)

(A.41)< PΓ(EΓ) + D0(EΓ) −W(E∗)
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Details of the example

Stage 2: Proposition 1 states that the given aggregate quota E is divided between 
the principals such that c1(ē1 − e1) = c2(ē2 − e2) and e1 + e2 = E . These imply that

Equation (9) implies that the contributions evaluated at these quota levels are

and

where (e−1
1
, e−1

2
) and (e−2

1
, e−2

2
) are defined by Part (4) of Definition 1 as

and

with B ∶= {(e1, e2) | e1 + e2 = E} . A solution to the problem in (A.45) with strictly 
positive emission levels solves (using C0

2
� = �

�
2
 and e1 + e2 = E)

Using ē2 = Ē − ē1 and solving this for e1 gives

(Note that as � → ∞ , e−1
1

→ e0
1
 .) This and e1 + e2 = E give

Similarly, (A.46) and e1 + e2 = E imply

The equilibrium quotas at this stage are given by (A.42), and the equilibrium contri-
butions are given by (A.43) and (A.44).

Stage 1: The equilibrium aggregate quota solves equation

(A.42)e0
1
=

c2E + c1ē1 − c2ē2

c1 + c2
, e0

2
=

c1E + c2ē2 − c1ē1

c1 + c2
.

(A.43)
C0
1
(e0

1
) = �2(e

−1
2
) + �(�1(e

−1
1
) + �2(e

−1
2
)) −

(
�2(e

0
2
) + �(�1(e

0
1
) + �2(e

0
2
))
)
,

(A.44)
C0
2
(e0

2
) = �1(e

−2
1
) + �(�1(e

−2
1
) + �2(e

−2
2
)) −

(
�1(e

0
1
) + �(�1(e

0
1
) + �2(e

0
2
))
)
,

(A.45)(e−1
1
, e−1

2
) ∶= argmax (e1,e2)∈B

{C0
2
(e2) + �(�1(e1) + �2(e2))},

(A.46)(e−2
1
, e−2

2
) ∶= argmax (e1,e2)∈B

{C0
1
(e1) + �(�1(e1) + �2(e2))},

(A.47)−c2(ē2 − (E − e1)) + 𝛼(c1(ē1 − e1) − c2(ē2 − (E − e1))) = 0.

(A.48)e−1
1

= ē1 −
(1 + 𝛼)c2

(1 + 𝛼)c2 + 𝛼c1
(Ē − E).

(A.49)e−1
2

=
(1 + 𝛼)c2Ē + c1E𝛼

(1 + 𝛼)c2 + 𝛼c1
− ē1.

(A.50)

(e−2
1
, e−2

2
) =

(
(1 + 𝛼)c1Ē + c2E𝛼

(1 + 𝛼)c1 + 𝛼c2
− ē2, ē2 −

(1 + 𝛼)c1
(1 + 𝛼)c1 + 𝛼c2

(Ē − E)

)
.
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and is given by

The equilibrium contributions are calculated in a similar way as in Stage 2.
Equation (A.42) implies that the equilibrium individual quotas are

and
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