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Abstract

This paper builds on recent developments in political bargaining the-
ory for spatial collective choice problems to examine environmental agree-
ments for unidirectional transboundary problems. We describe existence,
e¢ ciency and social optimality of agreements, which are the outcome of
a bargaining game played by political agents, called representatives. The
externality is modeled as water pollution along a river. Properties of the
agreement are determined by characteristics of the jurisdictions, as their
geographic location, as well as the heterogeneous and con�icting interests
of the citizens living in every jurisdiction. The political process linking
preferences of citizens to the preferences of their representative is speci�ed
alternatively based on: (1) the median voter´s theorem, and (2) lobbying
of organized groups. Our consideration of political preferences allows us
to compare the properties of an environmental agreement arising when
all citizens have equal weight (median voter), and when citizens have dif-
ferent weights depending on the relative power of the interests groups to
which they belong. In the �rst case, bargaining may lead to the Pareto
Optimum allocation. In the second, over and under regulation are possi-
ble, depending on the balance of power. Whether an agreement leads or
not to an e¤ective regulation depends on the discount rate.

1 Introduction

This paper builds on recent developments in political bargaining theory for
spatial collective choice problems to examine environmental agreements for uni-
directional transboundary problems. In particular, we consider a problem of
water pollution, a¤ecting several jurisdictions (countries or provinces) along a
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river. The contributions of this paper are in two intertwined dimensions. In one
dimension, the outcome of a bargaining game, played by political agents from
each of the jurisdictions involved in the externality, shapes an environmental
agreement. In the other dimension, the motivation of the political agents is
linked to heterogeneous voters. The interaction of both dimensions is then re-
�ected in the conditions for the existence, e¢ ciency and social optimality of
agreements
We study environmental agreements as a collective mechanism to deal with

an environmental externality. Agreements may be less costly than other mecha-
nisms because they are voluntary, and they can also be the only possible mech-
anism when jurisdictions involved cannot be regulated by a supra-jurisdictional
entity. At the same time, an agreement that e¤ectively reduces emissions can
be di¢ cult to reach. In this paper we consider two levels of con�icting inter-
ests in the negotiation of an agreement: among political agents, hereafter called
representatives, and among citizens inside each one of the jurisdictions.
Negotiation among representatives is a bargaining game, based on Banks

and Duggan (2000). In the game, a representative from one of the jurisdictions
involved in the environmental problem is randomly chosen to make a proposal,
comprising an allocation of emissions reductions and a monetary transfer. The
proposal is voted; if all the representatives vote a¢ rmatively, the proposal is
accepted and an agreement is signed. The political bargaining games di¤er from
the coalition games that have dominated economic research on transboundary
agreements (e.g., Mäler (1989), Chander and Tulkens(1995), and Gegenbach,
Weikard, and Ansink (2010)). In the political bargaining game, as we model
it here, players make a decision that is similar to one in the game of sharing a
pie (Rubinstein, 1982). Representatives are directly exchanging reductions in
emissions by monetary transfers.
Properties of the agreement are determined by characteristics of the jurisdic-

tions, as their geographic location, the heterogeneous and con�icting interests
of the citizens living in every jurisdiction, and the political process �aggregat-
ing�individual preferences of voters to the preference of the representative. The
political process linking preferences of citizens to the preferences of their rep-
resentative is speci�ed alternatively based on: (1) the median voter´s theorem,
and (2) lobbying of organized groups. Our consideration of political preferences
in the bargaining game allows us to compare the properties of an environmental
agreement arising when all citizens have equal weight, and when citizens have
di¤erent weights depending on the political system.
There are two strands in the previous literature about lobbying by interest

groups in jurisdictions that face a transboundary pollution problem. In one
strand, Ha¤oudhi (2007) introduces interest groups in a multiple-jurisdictions
coalition game and he �nds that with lobbying a grand coalition may implement
weaker reductions in pollution. The other strand is about two countries that
are interrelated by an environmental externality and trade (e.g. Conconi (2003),
Aidt (2005), and Fünfgelt and Schulze (2011)). The interest of the later strand is
on whether a green lobby can e¤ectively reduce aggregate pollution. The answer
depends on the size of the countries and therefore the impact their policies have

2



on international prices.
We have preliminary conclusions about the stationary equilibrium of the bar-

gaining game and the properties of an environmental agreement. Two possible
equilibria may arise, depending on the discount rate. In the �rst, representa-
tives agree on keeping the local regulation, so the agreement does not lead to a
reduction in emissions. In the second, they agree on reducing emissions, and the
size of the reduction depends on the distribution of the preferences of voters and
the power of the lobby groups. Under regulation and over regulation are pos-
sible, in both equilibria. In the second agreement, the reductions in emissions
are a¤ected by the power of lobby groups downstream.
The paper is organized in 4 sections. In section 2, we link the preferences

of the representative to voters, combining the median voter theorem and the
existence of lobby groups. In section 3, the bargaining game and the equilibrium
are described. In this draft we advance some conclusions in section 4.

2 Preferences of the Representative

Our starting point is a watershed in which voters experience a negative external-
ity. The damage depends on their location along a river, as well as the location
of polluting �rms. To �x ideas, we call the cost of pollution for voter � S�,
where � 2 N , the set of all voters. Pollution decision of the �rms disregards the
damage caused to voters, and then regulation may improve the social welfare.
To pick the social optimal regulation, a social planner will choose pollution allo-
cation that minimizes S =

PN
�=1 S

�. Under some assumptions about S, which
we will discuss later, the resulting allocation is Pareto optimum.
By dealing with transboundary pollution, we are interested in a situation

in which voters live in di¤erent jurisdictions. In absence of regulation, this
fact does not change the individual decisions, nor does it changes the Pareto
optimum. Adding boundaries a¤ects the regulation. Hereafter, we consider
3 jurisdictions in a watershed, where i = 1; 2; 3 denotes the jurisdiction. For
simplicity and clarity, we assume jurisdictions are points aligned along one river,
so that jurisdiction 1 is the �rst upstream, jurisdiction 2 is in the middle, and
jurisdiction 3 is the last downstream. As before, social optimal regulation in
the three jurisdiction is achieved by a pollution allocation that minimizes S.
However, we are interested in a situation in which every jurisdiction is regu-

lated by a regulator that has power only inside the jurisdiction. If this regulator
i does not care about the pollution downstream, she picks the local regulation
by minimizing Si =

P
�2Ni

S�, where Ni is the set of voters in jurisdiction i
The resulting allocation of emissions generally will not coincide with the Pareto
optimum allocation, however voters are better o¤ with regulation.
Furthermore, regulators are politically motivated actors elected by voters

in every jurisdiction. We denominate the regulators representatives, to make
explicit the political nature of their choices. The cost of pollution for the rep-
resentative of jurisdiction i is SRi , which may be equal to Si only in particular
cases. Later in this paper, we argue that it is in the best interest of the repre-
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sentative to regulate by minimizing SRi . The result of this regulation has local
impact, since the regulator does not have the rights to regulate other jurisdic-
tions.
Collective regulation of the watershed can be agreed on by the representa-

tives in a bargaining game, as described in the next section. Through this paper,
we compare local and collective regulation by the representative with the Pareto
optimum, to discuss social optimality. Additionally, we compare local regulation
with the special case in which the representative is not a politically motivated
actor, but a local social planner that minimizes Si.
Comparing di¤erent regulation alternatives is facilitated by the choice of a

convenient functional form for SRi , the cost of pollution for the representative i.
Aggregation of voters �cost of pollution in Si treats voters symmetrically, while
in general the aggregation of the political system varies with rules of election
and how groups of interest can in�uence the �nal result. In our approach, the
role of the political system will be described by weights in the aggregation, so
that SRi nests one speci�cation with lobby groups; one without lobby groups,
in which the median voter is the representative; and one in which SRi = Si, so
the representative is the local social planner.
The cost of pollution in jurisdiction i is formed by four elements. The �rst

element is damage of pollution, which is an increasing function D(ei + Ei),
where ei is emmisions in jurisdiction i, and Ei is upstream emmisions arriving
to jurisdiction i.1 The second element is the abatement cost, C(ei). The third
element, yi, is interjurisdictional monetay transfers, which are relevant for the
bargaining game. The fourth element is monetary income, m. When voters
have all the same weigth, the cost of pollution is:

Si(e;yi) = Di(ei + Ei) + C(ei) + yi �m:

In contrast, the cost of pollution of representantive i is:

SRi (e; yi) = �i (�iD(ei + Ei) + �iC(ei) + yi �m) ; (1)

where, the parameters and �i, �i are weights related to the political system for
the damage and abatement cost, respectively. Finally �i is the share one voter
has of the social cost, de�ned as the inverse of the population of the jurisdiction.
We devote the rest of this section to show that a pure Median voter model, as
well as a model with Lobbying are consistent with the speci�cation in (1).

2.1 Preferences of voters and social cost of pollution

In jurisdiction i, there is a continuum of voters. Voters are in all similar except
for a parameter �, � �(�; ��), in their utility function, where �� > �. The dis-
tribution of voters is described by the continuous function Fi(�), so that �i is

1 In particular we assume perfect mixing, then E1 = 0, E2 = e1, and E3 = e2 + e3.
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inverse of the mass of voters in jurisdiction i,Z ��

�

Fi(�)d� = 1=�i:

The utility function of voter � is:

Wi(q; ei + Ei; �);

where q is numeraire. The form of the utility function is similar to the one
used by Aidt (2005), Fredriksson et al. (2005) and Funfgelt and Shulze (2011),
which is

Wi(q; ei + Ei; �) = q � �G(ei + Ei); (2)

where G() is continuos, strictly increasing and concave function measuring dam-
age, with the property G(0) = 0. In sum, � indicates how much the consumer �
cares about the environment. We assume �� > � > 0, and rule out the possibility
of having some voter that do not care about the environment. Total income in
jurisdiction i is m, and every consumer has income equal to �im. Additionally,
we set the price of good q equal to one. Thus, the indirect utility function is:

~Wi(m; ei + Ei; �) = �im� �G(ei + Ei)

The utility function that we choose guarantees linearity in the welfare mea-
sure, as we show in brief. Clearly, we are considering a particular form for the
utility for which the demand for numeraire does not depend on pollution and
has income elasticity equal to one.
Reducing pollution in jurisdiction i entails an abatement cost C(ei). Every

consumer pays �i of this costs. We assume that any tax or subsidy within the
jurisdiction is collected and returned without altering the distribution of income
among voters or their preferences about emissions, or the distribution of the
abatement cost. Then any tax that is applied inside the jurisdiction is innocuous.
We introduce another tax (or subsidy), yi, that plays an important role in
the bargaining game. This tax is funded with money from other jurisdictions.
Additionally, we assume this tax is also equally distributed among all voters,
then voter � bears �iyi of the tax.
By substracting these costs from ~Wi we get a measure of total welfare2 . In

line with the previous discussion, we use the negative of that total welfare, i.e.
the cost of pollution for voter � in our analysis. Then, the cost of pollution for
voter � is:

S�i (e; yi; �) = ��im+ �G(ei + Ei) + �iC(ei) + �iyi (3)

where e = (e1; e2; e3).
Therefore, the social cost of pollution in jurisdiction i is:

2We pick the units of �G(ei + Ei) so that ~Wi is a monetary measure of welfate for voter
� that is calculated as income net of environmental damage.
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Si(e;yi) =

Z ��

�

[S�i (e; yi; �)]Fi(�)d�;

which is:

Si(e;yi) = Di(ei + Ei) + C(ei) + yi �m; (4)

whereD(ei+Ei) is social damage, de�ned byDi(ei+Ei)� G(ei+Ei)
R ��
�
�fi(�)d�.

It is easy to verify that S =
3X
i=1

Si is a measure of social cost for voters in the

three jurisdictions.
Purposely, we pick the utility function such as we get a social cost of pollu-

tion, Si, that is linear. In this way, the social cost is similar to the one in the
literature on coalition games (see for example Chander and Tulkens(1995), and
Gegenbach, Weikard, and Ansink (2010)) and we can compare the equilibrium
resulting in both games.
In the rest of this paper, we assume damage, Di(ei+Ei), and abatement cost,

Ci(ei), are convex functions. In the case of the damage function, this property
is an immediate consequence of the assumptions about G(). For the abatement
cost, as it is usual, we assume there exist a �nite pollution level �e, such that
Ci(�e) = 0. In other words, polluting �rms will choose to pollute �e in absence of
regulation. Abatement is an e¤ort to reduce emissions below that level, thus the
abatement cost Ci(ei) is a decreasing and strictly convex function in e. Under
all these assumptions, any of the minimization problems we consider in the rest
of the paper has one interior solution in the pollution dimension.

2.2 Median voter theorem and the preferences of the rep-
resentative

Now we turn to the voter�s optimization problem. Let us imagine voter �,
living in jurisdiction i, can choose pollution and taxes. She would maximize (3)
with respect to ei and yi. In the dimension of taxes, the optimum is yi = 0,
while her preferred level of pollution, e�i , exists and it is unique, because S

�
i is

strictly convex on ei:. Furthermore, e�i is a strictly decreasing function of �, the
higher is � less pollution is preferred by the voter, because she weights more the
damage. These conditions together means voter�s optimization function has the
property of being single peaked on ei, so the Median Voter�s Theorem hold and
the representative will have an optimization function identical to those of the
median voter (Black, 1948).

To �nd the cost of pollution of the median voter, we de�ne ��i be such that:Z ��i

�

Fi(�)d� =
0:5

�i
:

6



Then ��i is the median voter in jurisdiction i. Calculating (3) for �
�
i and reor-

ganizing terms, we get the median voter�s cost of pollution,

SVi (e; yi; �i) = �i (�
�
iD(ei + Ei) + C(ei) + yi �m) (5)

where ��i � ��i
�
�i
R ��
�
�Fi(�)d�

��1
. By de�nition, ��i > 0, and it can be greater

than one, because it is the ratio of the median with respect to the mean. Clearly,
the median voter �s cost of pollution is a weighted version of the social cost,
Si. The weight �i is related to the population and it weights symmetrically
all the elements in the cost function. The importance of �i will be evident
in the bargaining game, when country size plays a role. The weight for the
damage function, ��i , re�ects how preferences of voters are distributed. If the
median voter values the environment more than the mean voter, the weight will
be higher than one, so one dollar of damage will be more important for the
representative than one dollar of abatement cost or tax. We discuss more about
the role of the weights in the rest of the paper.

2.3 Lobbying and the preference of the representative

Following Conconi (2003), we model lobbying as an activity that changes the
weights the representative gives to the linear elements in the social cost. Even
though, we are not modeling the entire lobbying game, changing weights is con-
sistent with the game, if we consider the last stages in which the representative
makes her decisions, after the lobby groups o¤ered her speci�c contributions.
We consider two groups of interest: environmentalists and polluters. Envi-

ronmentalist in jurisdiction i want the representative gives to the damage an
extra weight equal to �di , while the polluter push an extra weight for the abate-
ment cost equal to �ci .

3 With lobbying, the representative adjust her cost of
pollution to be:

SRi (e;yi) = S
V
i (e; yi; �i) + �

d
i�iDi(ei + Ei) + �

c
i�iCi(ei):

which can be rewritten as:

SRi (e; yi) = �i (�iD(ei + Ei) + �iC(ei) + yi �m)

where �i � ��i + �
d
i and �i � 1 + �ci . Hereafter, we use (1) to model the

representative �s cost of pollution. This speci�cation nests several alternatives.
In the analysis in this paper, we pay attention to the following cases:
(i) Local social planner in symmetric jurisdictions. This case arise when

�i = �i = 1 and �i = �, for all i. The parameters correspond to no lobby and
median voter equal to mean voter. Representative´s cost of pollution is equal to
the social cost of pollution in the jurisdiction, SRi (e;yi) = Si(e;yi). Additionally,

3The representative makes a decision about the amount of taxes (or subsides), then interest
groups may try to in�uence also her decision about the distribution of taxes, but we are
modeling taxes as a¤ecting everyone in the same way. In essence, we are not allowing the
interest groups to a¤ect both dimension of the representative´s decision: emissions and taxes.
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all the jurisdictions have the same mass of voters, and therefore the same voters
�share, �i.
(ii) Local social planner in asymmetric jurisdictions. In this case we allow

for di¤erences in the voters �share , �i, among jurisdictions, but there is no
lobby and the mean and median voters are identical. Representative´s cost
of pollution is proportional to the social cost of pollution in the jurisdiction,
SRi (e;yi) = �iSi(e;yi).
(iii) Median voter in symmetric jurisdictions. In this case, the voters �share

is the same in all the jurisdictions, �i = �, and there is no lobby, �
d
i = �

c
i = 0,

so the representative i �s cost of pollution is:

SRi (e;yi) = � (�
�
iD(ei + Ei) + C(ei) + yi �m) :

(v) Lobby in symmetric jurisdictions, with ��i = 1. In this case, we replace
�i = � and �

�
i = 1 in (1) to get the social cost of the representative i. All the

e¤ect on regulation will be due to lobbying groups.
(vi) Lobby in asymmetric jurisdictions. This is the full speci�cation in equa-

tion (1).

2.4 Local Regulation and Pareto Optimum

In the rest of the paper, we will use particular damage and abatement cost
functions. Speci�cally, we assume: (i) C(ei) = &

2 (�e�ei)
2 , and (ii) Di(Ei+ei) =

i(ei + Ei), for &,  > 0. In particular, we consider abatement cost functions
that are identical in all the jurisdictions, strictly convex and decreasing in ei.
The damage function is convex, increasing in ei, and di¤ers in a parameter i
among jurisdictions. Incorporating the speci�c functions, representative i �s cost
of pollution is:

SRi (e;yi) = �i

n
�i
&

2
(�e� ei)2 + �ii(ei + Ei) + yi �m

o
: (6)

where &�e > �ii=�i, &�e > i, and &�e >
P
i,for all i.

In every jurisdiction, the representative can regulate local pollution. Since
voters vote only in their jurisdiction, the representative does not care about
the pollution downstream, so in regulating she solves the following optimization
problem:

min
ei;yi

�
SRi (e;y)

	
;

with optimal allocation e0 and yi = 0, that we call "status quo". The assump-
tions made about functions D and C imply:

e0i =
&�e� �ii=�i

&
; (7)

In the status quo, taxes are yi = 0. More taxes imply greater social cost,
then the representative wants to avoid interjurisdictional taxes. In the set up
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we have, taxes are not needed to implement local regulation, but they are a
fundamental part of an environmental agreement.
Now, we describe the status quo in some of the cases nested in the general

speci�cation. To determine the optimal pollution, �i is irrelevant, so we analyze
only three cases: local social planner, median voter and lobby. The ratio of �i
to �i determines how much the emissions are regulated. For the local social
planner, we know �i=�i = 1, however, this ratio may be one also if �

�
i + �

d
i =

1 + �ci , which is a particular situation, that we are not going to explore further
in this paper. If �i=�i = 1,optimal allocation e0i makes marginal abatement
cost equal to local marginal damage. In Figure 1, e01 corresponds with this
regulation.
Now, we consider the Median Voter case, in which �i=�i = �

�
i . If the median

voter cares about the environment more that the mean voter, �ii=�i > i and
local regulation will imply lower level of pollution than the one obtained by
minimizing Si:In Figure 1, regulated emissions will be at the left from e01, for
example it may be eV1 . Once we incorporate lobbying, the ratio �i=�i depends
on the distribution of voters, ��i , as well as the power of the lobby groups,
�di , and �

c
i . Given the value of �

�
i that corresponds with e

V
1 , increasing the

power of the environmental lobby, i.e. increasing �di , will move the optimal local
regulation to the left of eV1 , while increasing the power of the polluter, �

c
i ,will

move it to the right of e0V .
These alternatives should be compared with the Pareto optimum that solves:

min
e;y

(X
i

Si(e;y)

)
;

which is:

e�1 =
&�e� (1 + 2 + 3)

&
; (8)

e�2 =
&�e� (2 + 3)

&
; (9)

e�3 =
&�e� 3
&

; (10)

where all the allocations above are strictly positive, under the assumptions
made. We calculate the di¤erence between the status quo and the Pareto opti-
mum allocation, which are:

e01 � e�1 =
1

&

�
1

�
1� �1

�1

�
+ 2 + 3

�
; (11)

e02 � e�2 =
1

&

�
2

�
1� �2

�2

�
+ 3

�
; (12)

e03 � e�3 =
1

&

�
3

�
1� �3

�3

��
: (13)
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These di¤erences are positive (negative) if the jurisdiction is under regulated
(overregulated) with respect to the Pareto optimum, i.e. if e0i > e�i (e

0
i <

e�i ). In the case in which �i=�i = 1, local social planner case, jurisdictions
1 and 2 are under regulated, while jurisdiction 3, is perfectly regulated, since
the status quo regulation is equal to the Pareto optimum. In Figure 2, we
show the relation between the status quo, e01, and the PO allocation, e�1, for
jurisdiction 1, when �1=�1 = 1. Considering �1=�1 6= 1; local regulation may
be at the left or the right of e01. In sum, introducing the in�uence of voters,
either in elections or through lobby groups, may lead to under regulation or
over regulation, depending on the value of �i=�i.

Figure 1: Regulation in jurisdiction 1 in two cases: local social
planner and median voter
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Figure 2: Pareto optimum and status quo in jurisdiction 1 when
�i = �i

3 Bargaining a transboundary pollution agree-
ment

Collective regulation of the watershed is considered by the representatives in a
bargaining game. The game is an application of Banks and Duggan, in which
representatives of the three jurisdictions get together and play in successive pe-
riods until a proposal is accepted. A proposal is formed by changes in emissions
and monetary transfers. We de�ne proposal xj , of representative j, as:

xj = (e
0
1 � z1j ; e02 � z2j ; e03 � z3j ; y1j ; y2j ; y3j):

The subindexes indicate the jurisdiction that makes the proposal, j, and the
place where the proposal applies, i. In particular, zij is a reduction in emission,
if zij > 0, proposed by representative j to be implemented in jurisdiction i.
Transfer yij is proposed by representative j to be given (received) by jurisdiction
i if yij > 0 (yi < 0), with the restriction

P
i yij = 0. We can think of yij > 0

as a tax. In some contexts, monetary transfers may not be part of the usual
relations between jurisdictions. To �x ideas, we consider a situation in which all
jurisdictions are part of an organization, whose objective is to decrease pollution
in the river. Financing and spending of the organization is such that the net
contribution of jurisdiction i is yi.
To simplify notation, a proposal is restated as di¤erences with respect to the
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status quo. From hereafter, we will omit the status quo and use the following
notation for a proposal:

xj = (z1j ; z2j ; z3j ; y1j ; y2j ; y3j)

where xj 2 R6, which is the set of proposals. We also use the following notation
for a proposal: xj = (zj ;yj), where zj = (z1j ; z2j ; z3j), and yj = (y1j ; y2j ; y3j).
One important particularity of the game is that when the representative i

plays the bargaining game, her decision is about further changes in the utility of
voters. Since local regulation is already optimal, from the point of view of the
interests of the local voters, the representative will seek for an agreement that
reduces social costs of pollution, with respect to the social costs at the status
quo. The di¤erence between the cost of any proposal and the cost of the status
quo is the payo¤ for the representative in the game:

Ui(xj) = S
R
i (zj ;yj)� SRi (e0;0): (14)

It is easy to show that under the assumptions made about the cost and damage
function, the payo¤ functions can be written as:

U1(xj) = �1

�
�1&

2
z21j + y1j

�
(15)

U2(xj) = �2

�
�2&

2
z22j � �22z1j + y2j

�
(16)

U3(xj) = �3

�
�3&

2
z23j � �33(z1j + z2j) + y3j

�
: (17)

Each one of these functions is quasiconvex, and single peaked in the own level of
emissions: any change positive or negative in own emissions reduces the utility.
In jurisdiction 2 and 3, votes could be gained if the pollution of the jurisdiction
or jurisdictions upstream is reduced (z1j > 0 and z2j > 0) . In all jurisdictions,
i = 1; 2; 3, paying taxes, yij > 0, reduces the voter´s support.
The bargaining game is held as follows. At time t = 1, one representative

is randomly chosen, to make a proposal. Then, all representatives vote simul-
taneously. If all the representatives vote a¢ rmatively, the proposal is accepted
and the game ends. Otherwise, the game continues and it is repeated in the
next period. The probability for representative i of being chosen is �i,whereP

i �i = 1. When comparing di¤erent moments in time, representative i has
discount factor �i.
The voting rule is exogenous. It is easy to imagine a situation in which

representatives �rst bargain over the rules to follow to create an agreement. We
are not going to further explore this issue in this paper. The game is one with
perfect information.
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3.1 Equilibrium

In general, a representative has a strategy consisting of a proposal and a set of
proposals to be accepted, in every period. Also, the strategy of period t will
depend of the history of the game: who has proposed what and how players have
voted to every proposal in the past. In what follows we are going to consider only
stationary strategies, i.e. strategies that are the same on any period, regardless
of the history. We add the following assumptions.
Assumptions

1 The voting rule is unanimity: only an agreement all the players agree on
can be accepted.

1. All representatives have the same probability of being recognized as a pro-
ponent, �i = �.

2. Discount is �

Unanimity voting rule, implies the existence of a pure strategy stationary
equilibrium (See Theorem 2, in Banks and Duggan). We also pick this assump-
tion because an agreement that the majority accepts, but one of the representa-
tives rejects, may not be sustainable, since the jurisdiction that does not accept
the agreement have incentives to defect from it. The other two assumptions are
made to simplify calculations.

Proposition 1 Under assumption 1 to 3, there are two possible pure strategy
stationary equilibria in the game: i) If � > 0:914; zj = yj = 0 is an equilibrium
of the bargaining game ; b) otherwise, an equilibrium of the agreement game
consists of changes in emission:

~z1j =
�2�22 + �3�33

�1�1&
(18)

~z2j =
�3�33
�2�2&

(19)

~z3j = 0 (20)

for j = 1; 2; 3, and monetary transfers described in the appendix.

Proof. See Appendix.
We found two possible equilibria. The �rst is an equilibrium in which the

agreement is ine¤ective to change pollution. Essentially, the jurisdictions agree
on keeping their status quo. In this case the collective payo¤,

X
i

Ui(~xj) =

0, meaning none of the representative is better o¤ or worse o¤. The second
equilibrium is one with reductions in the emissions of jurisdictions 1 and 2,
~z1j > 0 and ~z2j > 0, while jurisdiction 3 does not change emissions. In this caseX
i

Ui(~xj) > 0, then at least one of the representatives is better o¤ with the

13



negotiation. Weather the game lead to one or other equilibrium depends on the
discount rate. Reduction in emission will be agreed only if the representatives
care enough about waiting, meaning one dollar today will be exchange for less
than 0:914 dollars in the future.

3.2 Properties of the environmental agreeement

To analyze the role of the di¤erent parameters related to preferences of vot-
ers and lobbying on the second possible equilibrium, we consider the di¤erent
possible cases, starting with the sel�sh social planner,�i = 1 and �i = 1, in
symmetric jurisdictions.

Corollary 2 (Local social planner and symmetric jurisdictions) If �i =
�, �i = 1 and �i = 1, for all i; and additionally � < 0:914, the equilibrium in
the bargaining game described by equations (18), (19) and (20) is the Pareto
optimum allocation of emission.

Proof. Replacing the values of �1; �2; �3; �2; �3; �1; and �2 in (18), (19) and
(20) we get exactly the di¤erence between e�i and e

0
i , in equations (11), (12), and

(13), where the same values of parameter are replaced, therefore e0i�e�i�~z1j = 0,
for all i.
In this special case, local regulation is such that e�i < e

0
i , for i = 1; 2, equa-

tions (11) and (12) are negative. In words, representatives in those jurisdictions
choose to under regulate the emission. The bargaining game leads to Pareto
social optimum for the three jurisdictions. The intuition behind is that all rep-
resentatives want to create the maximum savings in cost they can from changes
in emissions, so they propose the Pareto optimum allocation. The main part of
the agreement is about how are they going to share the gains. As mentioned
before, money transfer are determined for who plays �rst. In general, jurisdic-
tion 3 compensates the other two, and the net transfer for jurisdiction 2 may
be positive or negative.

Corollary 3 (Local social planner and assymetric jurisdictions) If �i =
1 and �i = 1, for all i; and additionally � < 0:914, the equilibrium in the bargain-
ing game described by equations (18), (19) and (20) may lead to under regulation
or over regulation in the following cases: (a) emissions in jurisdiction 1 will be
over regulated (under regulated) if the jurisdiction has lower (greater) voters�
share than the other two jurisdictions downstream; (b) emissions en jurisdiction
2 will be overregulated (under regulated) if the jurisdiction has lower (greater)
voters�share than jurisdiction 3; (c) for jurisdiction 1, any result may arise if
it has voters�share between the voters�share of the other two jurisdictions.

Proof. Under the stated assumptions, it is easy to show that:

e01 � e�1 � ~z1j =
�
1� �2

�1

�
2
&
+

�
1� �3

�1

�
3
&
;

and
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e02 � e�2 � ~z2j =
�
1� �3

�2

� 3
&
:

There is over regulation when any of these expressions is negative. For juris-
diction 1, that would happen if simultaneously �2 > �1 and �3 > �1. For
jurisdiction 2, �3 > �2 leads to over regulation. Obviously, any result can be
obtained in jurisdiction 1 if �1 is between the values of �2 and �3 .
This corollary shows how population size, the inverse of voters�share, is rel-

evant for the collective regulation arising in the bargaining game, even though
population is not relevant for the local regulation. The reason why more popu-
lation in one jurisdiction implies less emissions in the jurisdictions upstream is
very simple: more population means more people a¤ected by pollution.

Corollary 4 (Median voter and symmetric jurisdictions) If �i = �, �di =
0, and �ci = 0, for all i; and additionally � < 0:914, the equilibrium in the
bargaining game described by equations (18), (19) and (20) may lead to over
regulation (under regulation) if the median voter care more (less) about the en-
vironment than the mean voter, ��i > 1 (�

�
i < 1).

Proof. Under the stated assumptions, it is easy to show that:

e01 � e�1 � ~z1j =
X
i

i
&
(1� ��i ) ;

e02 � e�2 � ~z2j =
2
&
(1� ��2 ) +

3
&
(1� ��3 ) ;

and

e03 � e�3 � ~z3j =
3
&
(1� ��3 ) :

There is over regulation when any of these expressions is negative.
Analyzing the case with symmetric jurisdictions and no lobby shows the im-

portance of the distribution of voters to determine collective regulation. The
only case in which political motivated representatives will pick the Pareto opti-
mum is if the distribution is symmetric. Otherwise, over regulation will arise if
the median voter cares about the environment more than the mean voter. Also,
the distribution of voter downstream will a¤ect the regulation upstream, in the
same direction. For example, if the median voter in jurisdiction 1 cares about
the environment more than the mean voter, then the regulation in jurisdiction
1 is more likely to be overregulated.

Corollary 5 (Lobby and symmetric jurisdictions) If �i = �, and ��i =
1, for all i; and additionally � < 0:914, the equilibrium in the bargaining game
described by equations (18), (19) and (20) may lead to over regulation (under
regulation) if the environmentalist lobby has more (less) power to in�uence the
representative than the polluters lobby, �di > �

c
i (�

d
i < �

c
i ).
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Proof. Under the stated assumptions, it is easy to show that:

e01 � e�1 � ~z1j =
X
i

i
&

 
1� �

d
i

�ci

!
;

e02 � e�2 � ~z2j =
2
&

 
1� �

d
2

�c2

!
+
3
&

 
1� �

d
3

�c3

!
;

and

e03 � e�3 � ~z3j =
3
&

 
1� �

d
3

�c3

!
:

There is over regulation when any of these expressions is negative.
In this case, what is interesting is how the relative power of the groups is

the only relevant measure to determine the result of the regulation. As in the
previous case, the regulation of one jurisdiction is a¤ected by the relative power
of lobby groups downstream. Finally, is interesting to notice that asymmetry
in the distribution of voter has a similar impact than lobby groups.
Finally, we analyze the equilibrium of the full model, when � < 0:914. Calcu-

lating the partial derivatives of equations (18), (19) and (20) with respect to the
parameters, it is easy to show the following relations between the parameters
and the reduction in emissions hold.

Table 1: Relation between parameters and reduction of emmisions
~z1j ~z2j

�1 -
�2 + -
�3 + +
�1
�2 +
�3 + +
�1 -
�2 -
�3

First, there are two parameters that do not a¤ect the equilibrium: �1 and
�3. The environmentalist lobby in jurisdiction 1 cannot a¤ect the jurisdictions
downstream or the local regulation, further than the impact the group have
already in the status quo. Polluters lobby in jurisdiction 3 has direct impact in
the local regulation and the in�uence of group is not relevant in the bargaining,
especially because emissions are not further restricted under the agreement.
Except for the situation just explained in jurisdiction 1, the environmentalist

lobby increases the reduction in emissions in the jurisdictions upstream, so if
the power of the environmentalist lobby increases in jurisdiction 3, emissions

16



decreases in jurisdictions 1 and 2, under the agreement. In contrast, the polluter
lobby has impact only locally.
About the population, higher population increases the reduction of emissions

locally, and decreases the size of the reductions upstream.

4 Conclusions

The contribution of this paper is on the description of the bargaining game,
under two di¤erent models about the political process behind the payo¤ of the
representatives.
We �nd two possible equilibria may arise in the bargaining game. In one,

the representatives agree on keeping the status quo. In the second equilibrium,
changes in emissions are agreed on, which are consistent with an improvement
with respect to the Pareto optimum allocation. This second equilibrium will
arise if the discount is below a threshold that we calculate as 0.9124.
Voter´s preferences a¤ect local regulation and the result of the second possi-

ble agreement. In the case in which citizens have the same weight, the bargaining
game may result in an agreement with a reduction in emissions that is consis-
tent with the Pareto optimum equilibrium. In contrast, if the representative
cares about the median voter, and the median voter is di¤erent from the mean
voter, local and collective regulation in the agreement may over regulate or un-
der regulate the emissions. The presence of lobby groups may also lead to under
regulation or over regulation, depending on the relative power of the groups. In
the environmental agreement, environmentalist groups in�uence the regulation
in the jurisdictions upstream. Finally, the size of population in the jurisdiction
a¤ects the environmental agreement, but it does not a¤ect local regulation.
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6 Appendix

6.1 Concept of equilibrium in the bargaining game

This subsection follows closely Banks and Duggan. Formally, a pure stationary
strategy for representative j is a set (xj ; Aj). We use the notation

xj = (e1j ; e2j ; e3j ; y1j ; y2j ; y3j);

where eij and yij are the emissions and transfer, respectively, that representative
j proposes for jurisdiction i. The set of proposals that j will vote a¢ rmatively
is Aj .4

In equilibrium, representative i compares the payo¤ she gets if a proposal
is accepted in period t with the payo¤ she would get in the next period if the
proposal is rejected, which is the expected payo¤, and by stationarity is also the
continuation value, de�ned as:

Vi(x̂) =
3X
j=1

�Ui(xj);

where x̂ =(x1;x2;x3). Under the assumptions of unanimity and discounting,
Banks and Duggan prove the existence of a pure strategy stationary equilibrium
(Theorem 2, p. 80).
De�nition: A pro�le �� = (x�1; A

�
1; x

�
2; A

�
2; x

�
3; A

�
3) is a pure strategy station-

ary equilibrium if the acceptance sets and the proposals satisfy two conditions.
The �rst condition is that the acceptance sets, A�i , are such that:

Ui(x) < �iVi(x̂) (21)

implies x 2 A�i , for all i 2 N . Of course, if 21 does not hold, x =2 A�i . The
second condition is that

x�i = arg min
x2A�

[Ui(x)] ;

when inf
x2A�

(Ui(x)) < �iVi(x̂) and A� �
T
i2N

A�i :

6.2 Proof of Proposition 1

To �nd the equilibria, we solve the following maximization problems for the
representatives:

1. Minimization problem of representative 1:

min
x1
U1(x)

subject to:

4Two additional assumptions are made by Banks and Duggan. They assume proposals
satisfy sequential rationality. Also, the acceptance sets satisfy weak dominance.
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U2(x) � T21
U3(x) � T31

2. Minimization problem of representative 2:

min
x2
U1(x)

subject to:

U1(x) � T12
U3(x) � T32

3. Minimization problem of representative 3:

min
x3
U3(x)

subject to:

U1(x) � T13
U2(x) � T23

Where Tij are constants for the maximization problem, because we are assuming
in making the decision about her optimal proposal, one player takes as given
the proposal of the other players.
In the minimization problem of representative j; FOC with respect to zij ; yij

for i = 1; 2; 3, imply ~zj , de�ned by equations (18, 19, and 20), is a solution.
To solve for the transfers, we use the FOC with respect to the Lagrangean

multipliers, that are 2 equations, plus a budget restriction,
P

i yij = 0, per rep-
resentative. With the optimization problem of all the players, I have 9 equations
for 9 unknowns, that can be solve once the optimal reductions of emissions are
replaced. The system of equations to solve is:

(~u2 + y21) = T21; (22)

(~u3 + y31) = T31; (23)

y11 = �y21 � y31; (24)

(~u1 + y12) = T12; (25)

(~u3 + y32) = T32; (26)
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y22 = �y12 � y32; (27)

(~u1 + y13) = T13; (28)

(~u2 + y23) = T23; (29)

y33 = �y13 � y23; (30)

where

T21 =
�

3� � (2~u2 + y22 + y23);

T31 =
�

3� � (2~u3 + y32 + y33);

T12 =
�

3� � (2~u1 + y11 + y13);

T32 =
�

3� � (2~u3 + y31 + y33);

T13 =
�

3� � (2~u1 + y12 + y13);

T23 =
�

3� � (2~u2 + y21 + y22):

These equations solve for the following transfers:

~y11 = �
h
2�
�X

~ui

�
� 3 (~u2 + ~u3)

i
(31)

~y22 = �
h
2�
�X

~ui

�
� 3 (~u1 + ~u3)

i
(32)

~y33 = �
h
2�
�X

~ui

�
� 3 (~u1 + ~u2)

i
(33)

~y12 = ~y13 = �
h
3~u1 � �

�X
~ui

�i
(34)

~y21 = ~y23 = �
h
3~u2 � �

�X
~ui

�i
(35)

~y31 = ~y32 = �
h
3~u3 � �

�X
~ui

�i
(36)

where ~u1 � &
2 ~z
2
1 ; ~u2 � &

2 ~z
2
2 � 2~z1, ~u3 � &

2 ~z
2
3 � 3(~z1 + ~z2) .
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6.2.1 Equilibrium conditions

Finally, the following inequalities assure participation of the representatives in
an agreement:

~u1 + y11 <
�

3� � (2~u1 + y12 + y13); (37)

~u2 + y22 <
�

3� � (2~u2 + y21 + y23); (38)

~u3 + y33 <
�

3� � (2~u3 + y31 + y32): (39)

These inequalities hold if the following functions are strictly positive:

G1(�) � �
(�2�22 + �3�33)

2

2�1�1&
(6�+ 1)� 3� (�3�33)

2

2�2�2&
; (40)

G2(�) �
(�2�22 + �3�33) (2�2�22 + 3�(�2�22 � �3�33))

2�1�1&
� (�3�33)

2

2�2�2&
(6�+ 1) ;

(41)

G3(�) �
(�2�22 + �3�33)((3�+ 2)�3�33 � 3��2�22)

2�1�1&
+
(�3�33)

2

2�2�2&
(3�+ 2) ;

(42)
where � � 3��3

�2�9�+9 , which is negative for all values of �, since � 2 (0; 1), and �
is the vector of parameter. It is easy to show the three conditions are strictly
positive if � < �1=6, which implies � < 0:914.
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