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Abstract

This paper presents a theory of international agreements on climate
change in which these agreements are viewed as incomplete contracts. It
seeks to analyze the dynamic e¤ects of investment by �rms on the bar-
gaining power of states in global negotiations on emissions reductions.
The existing literature has identi�ed the presence of a hold-up problem
in international agreements. In our setting, the public good nature of
the problem and the non veri�ability of investment levels causes an over-
investment by �rms compared to the �rst best investment level under a
complete contract. Firms anticipate that their country will agree to a
Nash bargaining solution. This paper contributes to the hold up litera-
ture. Such a framework has not been used so far to analyze the dynamic
properties of investment in the context of climate change agreements.
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1 Introduction

This paper presents a theory of international agreements on climate change in

which these agreements are viewed as incomplete contracts. It seeks to analyze

the dynamic e¤ects of investment on the bargaining power of states in global

negotiations on emissions reductions.

The international negotiations on this issue within the framework of the

UNFCCC have agreed that targets of greenhouse gases abatements are to be

renegotiated. The �rst negotiation yielded the Kyoto Protocol and targets for

its signatories to be reached by 2008-2012; negotiations will soon start on the

targets to be reached for the second �commitment period�. The result of these

renegotiations is clearly uncertain.

However, when investments are made by �rms to reduce the cost of abating

emissions, they have a long term e¤ect, well beyond the �rst commitment period.

We aim in this paper to understand the e¤ect of these investments on future

negotiations, and more speci�cally on the bargaining position of countries. The

existing literature has identi�ed the presence of a hold-up problem in interna-

tional agreements. The hold-up problem has been described at length in the

literature (Williamson 1985, Grossman and Hart 1986, Hart and Moore, 1988).

McLaren (1997) analyses the context of trade policies: �rms in a country might

anticipate future negotiations in favor of free trade and invest accordingly e.g.

by making irreversible investments in the export industry. Firms in this context

act as decentralized agents and will reduce the �exibility of the country when

it later needs to negotiate. By having a modi�ed outside option, the country

is shown to be strategically disadvantaged by its �rms previous investments. A

country�s government would hence bene�t from committing never to negotiate

on free trade in order to solve the hold-up problem. A similar type of argu-

ment is derived by Wallner (2003) for EU enlargement and allows to revalue

the welfare e¤ects of EU membership. Because of the incompleteness of con-

tracts,the surplus enhancement made by a country�s �rms investments will be

shared through a transfer, reducing the bene�t to the investing country. We

di¤er however from this literature in that we analyze a public good where both

parties make an speci�c investment.

This particularity has a important e¤ect on the results and rather than iden-

tifying a hold-up problem, we show there will be overinvestment compared to the

�rst best investment level when �rms anticipate a Nash bargained agreement.

In this sense this paper contributes to the hold up literature. Such a frame-
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work has to our knowledge not been used to analyze the dynamic properties of

investment in the context of climate change agreements.

A hold-up problem was identi�ed by Gersbach and Glazer (1999) for a gov-

ernment seeking to reduce emissions within the boundaries of its country. These

authors show that marketable emission permits solve the hold-up problem and

induce �rms to invest in a Pareto e¢ cient manner. Although we replicate this

result in the present paper, the hold-up problem we seek to investigate is of a

di¤erent nature as it involves more than one country and international negoti-

ations.

In the next section, we present our two countries-two period model. We solve

by backward induction under di¤erent assumptions. We contrast the choice of

regulation versus marketable emission permits, both within countries and across

borders. This allows us to replicate the result of Gersbach and Glazer (1999)

and to therefore rule out the choice by governments of regulation. We also

compare the non cooperative and fully cooperative outcomes. This then allows

us to derive the resulting incomplete contract that will arise if investment is

assumed to be non veri�able and that a contract can not be made contingent

on it. Our main result is derived and we show that there will be overinvestment

by �rms who assume a Nash bargained outcome.

In section 3, we brie�y point out to the explanations for our result and

identify future extensions and checks to be done. Section 4 concludes.

2 The Model

2.1 Setting

The setting is that of two countries, Home and Foreign which share a public

good: greenhouse gases abatement, MW =M +M�.(M � 0;M� � 0).
Reducing GHG�s emissions, reduces climate change and increases social wel-

fare by a(M + M�) at Home and a�(M + M�) in Foreign.. Apart for their

di¤erent preferences for the public good when a 6= a�, the two countries are

symmetric. Firms in each country bear the cost of reducing emissions.

The timeline is represented in Figure (1).

There are n �rms in each country. At time 0, each �rm can choose to invest in

long term reductions of marginal cost of abatement. This investment is denoted

by ki and costs m(ki) for each �rm i. For example, they build wind power

capacity, build a cleaner energy generation plant, invest in R&D for hydrogen

cars. It is assumed that this investment is irreversible, and therefore sunk. At
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Figure 1:

time 1, each country decides on the level of emission reduction M or M� it

wants to achieve. It divides the burden among all �rms. At that point, the

country can either enter an international agreement, or act sel�shly. It may

also decide to implement an emission permits trading system within its borders,

or even internationally. Alternatively a country may simply choose to impose a

regulation or a tax.

At time 2, the �rms need to meet the regulation or �ll the emission permits

quota they were allocated. The cost of emission reductions for �rm i is a function

C(vi; ki) of vi, the reductions achieved by this �rm, and ki, the investment it

made at time 0 to reduce the cost of abatement. Payo¤s are then realized.

There is no discounting.

If investments were veri�able and contractible, there could be a complete

contract between countries specifying the optimal level of investment to be made

in each country. However, in an international context this is hard to imagine.

On top of the issue of veri�ability, there is also a question of enforcement. We

are hence in the context of an incomplete contract. Once investments have been

made and given that they are irreversible, the countries can renegotiate the

division of surplus created by choosing to cooperate over the level of abatement

by each country. Transfers can be made between countries to encourage them to
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cooperate. These transfers can be induced by the choice of international permits

quotas.. Ex ante, each �rm will choose investment to maximize its pro�t by

anticipating which scenario will occur: non cooperation, total cooperation or

Nash bargaining. The equilibrium level of abatement and of investment is then

ine¢ ciently chosen.

Social welfare at Home is denoted the following way:

W = a(M +M�)�
nX
i=1

C(vi; ki)�
nX
i=1

m(ki) (1)

In Foreign:

W � = a�(M +M�)�
nX
i=1

C(v�i ; k
�
i )�

nX
i=1

m(k�i ) (2)

We choose the following functional forms.

� C(vi; ki) =
v2i
2ki

The cost of reducing emissions is symmetric across all �rms in both countries.

It is increasing in the level of reductions and we make the hypothesis of an

increasing marginal cost of reduction (@C(vi;ki)@vi
> 0,@

2C(vi;ki)
@v2i

> 0). The cost

of reducing emissions is decreasing in the level of prior investment, but at a

decreasing rate (@C(vi;ki)@ki
< 0,@

2C(vi;ki)
@k2i

> 0).

� m(ki) = k2i

Finally, the cost of the investment is assumed to be quadratic.

We solve the model by backward induction.

2.2 At time 2

2.2.1 With no permits trading

Assume at �rst that governments do not allow for trading. Each �rm must

abate by the amount it is assigned to by regulation. In this case, the behavior

of �rms at time 2 is determined by the governments target. We assume that

as �rms are symmetric, the government will assign equal amounts to each �rm.

The cost for �rm i to meet the target will be:
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C(vi; ki) =
M2

2n2ki
(3)

The aggregate cost for each country to meet the target it has chosen will

thus be:

nX
i=1

C(vi; ki) =
M2

2n2

nX
i=1

1

ki
(4)

nX
i=1

C(v�i ; k
�
i ) =

M�2

2n2

nX
i=1

1

k�i
(5)

We will later consider the implications of this result on the choices of targets

by the government and hence on �rms�incentives to invest.

2.2.2 With permits trading within each country, but no cross coun-
try trading

We here consider the case where both countries allow for �rms to trade permits

within their boundaries. This will occur at price p. Also, quotas have been

divided equally across �rms, such that each one received a fraction n of the

total abatement target M �xed by the government in time 1.

Hence, the maximization problem for �rm i at Home is:

Maxvi�i = p[vi �
M

n
]� v2i

2ki
(6)

The �rm maximizes its pro�t which is composed of the revenue of sales of

permits minus the cost of reducing emissions, C(vi; ki). A �rm may sell at price

p any abatement it has made in excess of its quota M
n , which is [vi �

M
n ]. If it

reduces less than its quota (vi < M
n ), it will have to buy permits at price p and

this will a¤ect negatively its pro�ts.

The �rst order condition of this maximization problem is:

vi = pki (7)

The market clearing condition dictates that total emission reductions within

the country must be equal to the total amount of quotas, the target chosen by

government at time 1.

nX
i=1

vi =M (8)
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This allows us to derive the equilibrium price:

p =
MPn
i=1 ki

This implies that the total revenue for �rm i at time 2 is:

�i =
MPn
i=1 ki

�
MkiPn
i=1 ki

� M
n

�
� M2ki

2 (
Pn

i=1 ki)
2 (9)

=
M2ki

2 (
Pn

i=1 ki)
2 �

M2

n
Pn

i=1 ki

In the aggregate, the revenue of permits sales and costs of permits purchase

will cancel out, such that the total cost for all n �rms in Home to meet the

government�s target M when there are intra country permits is:

nX
i=1

C(vi; ki) =
M2

2 (
Pn

i=1 ki)
(10)

Given the symmetry of both countries, we can derive the same results for for-

eign, such that the total cost for all n �rms in Foreign to meet the government�s

target M� is:

nX
i=1

C(v�i ; k
�
i ) =

M�2

2 (
Pn

i=1 k
�
i )

(11)

These both equations will be necessary to derive the behavior of countries

at time 1 and of �rms at time 0.

2.2.3 With permits inter and intra countries

We here consider the case where countries would have agreed at time 1 to allow

for cross border permits trading.

The maximization problem for �rm i at Home is the same and leads to the

same �rst order condition as in equations 6 and 7:

vi = pki (12)

Identically in Foreign:

vi = pk
�
i (13)

where p is the international price.
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Given that �rms can now trade across borders, the market clearing condition

equates total world emission reductions and total world targets by governments

as denoted in equation 14.

nX
i=1

vi +
nX
i=1

v�i =M +M� (14)

The international price for permits will thus be:

p =
(M +M�)

(
Pn

i=1 ki +
Pn

i=1 k
�
i )

(15)

In parallel with equation 9, we derive the total revenue for �rm i at time 2

when there are both inter and intra permits trading.

�i =
(M +M�)

2
ki

2 (
Pn

i=1 ki +
Pn

i=1 k
�
i )
2 �

(M +M�)M

n (
Pn

i=1 ki +
Pn

i=1 k
�
i )

(16)

This implies that the aggregate cost for all n �rms in Home to meet the

government�s target M is:

nX
i=1

C(vi; ki) =
(M +M�)M

(
Pn

i=1 ki +
Pn

i=1 k
�
i )
� (M +M�)

2Pn
i=1 ki

2 (
Pn

i=1 ki +
Pn

i=1 k
�
i )
2 (17)

The same applies to Foreign where the aggregate cost for all n �rms in

Foreign is:

nX
i=1

C(v�i ; k
�
i ) =

(M +M�)M�

(
Pn

i=1 ki +
Pn

i=1 k
�
i )
� (M +M�)

2Pn
i=1 k

�
i

2 (
Pn

i=1 ki +
Pn

i=1 k
�
i )
2 (18)

And total cost for Foreign and Home �rms is:

nX
i=1

C(vi; ki) +
nX
i=1

C(v�i ; k
�
i ) =

(M +M�)
2

2 (
Pn

i=1 ki +
Pn

i=1 k
�
i )

(19)

This will allow us to compare the e¤ect of the decision by governments to

allow for cross border trading.
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2.3 At time 1

In this section we will compute the di¤erent possible scenarios of governmental

decision in both countries. We can assume no cooperation at all, or at the other

extreme, full cooperation. If however, a complete contract enabling full cooper-

ation to be sustained is not feasible, we assume there will be Nash bargaining.

In each of these three possibilities, we also consider the choice of implement-

ing permits trading schemes.

2.3.1 The non cooperative case

We now describe the decision of each government on M and M� . We �rst

assume that a government cannot implement a permits scheme, but may credibly

impose a regulation forcing �rms to reduce their emissions by a given amount.

With no permits trading Given equation 4, the government maximizes

social welfare. The cost of investment by �rms at time 0 is sunk and is thus not

taken into account.

MaxMa (M +M�)� M2

2n2

 
nX
i=1

1

ki

!
(20)

The resulting �rst order conditions and the choice of target when there is no

cooperation, and no permits (NCNP), will be symmetric in each country. At

Home:

MNCNP =
an2�Pn
i=1

1
ki

� (21)

and in Foreign:

MNCNP� =
a�n2�Pn
i=1

1
k�i

� (22)

With intra Home and intra Foreign permits: Now consider the case

where intra country, but not inter country permits trading is allowed. Indeed if

we assume that countries are not cooperating when �xing their target, it would

be a strong assumption to have them trading permits. At Home, the government

maximizes social welfare. Investments of time 0 are sunk and irreversible such
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that government maximizes welfare achieved from the target minus the cost of

reaching that target when it allows for intra �rm permits trading (as derived in

section 2.2.2 in equation 10):

MaxMa (M +M�)� M2

2 (
Pn

i=1 ki)
(23)

The �rst order condition thus dictates the optimal choice of target for the

non cooperative government to be:

MNCP = a
nX
i=1

ki (24)

Similarly, in Foreign, the government will choose its target as a function of

the aggregate sunk investment made by �rms at time 0.

MNCP� = a�
nX
i=1

k�i (25)

One may then derive the social welfare levels for each country implied by

a non-cooperative outcome at time 1. The cost of investment at time 0 is not

accounted for given that it is sunk.

V NCP =
a
Pn

i=1 ki
2

+ aa�

 
nX
i=1

k�i

!
(26)

V NCP� =
a�
Pn

i=1 k
�
i

2
+ aa�

 
nX
i=1

ki

!
(27)

This measure is important as it constitutes the outside option for the gov-

ernment if it implements permits.

2.3.2 Cooperative case

We now consider the case where a complete contract is implementable and

investment can be veri�ed. This means that an agreement between countries

can be made contingent on the realized investments. Thereafter, the targets M

and M� or an international permits market are assumed to be enforceable by

an international body. We consider the three cases of permits implementation.

10



With no permits We start by assuming that although countries coordinate

their choice of targets, they do not implement any permits trading system.

Firms will thus face the cost of reducing their emissions by exactly the amount

they are obliged to by regulation, as given by equation 4. The maximization

problem of governments when choosing their targets is:

MaxMFNP ;MFNP�(a+ a�)(MFNP +MFNP�)

� M
FNP 2

2n2

 
nX
i=1

1

ki

!
� M

FNP�2

2n2

 
nX
i=1

1

k�i

!
(28)

The resulting targets are:

MFNP =
(a+ a�)n2�Pn

i=1
1
ki

� (29)

MFNP� =
(a+ a�)n2�Pn

i=1
1
k�i

� (30)

However, at this point we need to clarify the no permits case. As we can see

in equations 21-22 and 29-30, both in the non cooperative and cooperative case,

targets will be a function of the aggregate investment by �rms. Hence when

�rms invest at time 0, they will anticipate that to minimize their future costs

they should invest nothing. This is the hold-up problem identi�ed by Gersbach

and Glazer (1999) in a one country setting. In that case it would be extremely

costly for the government to remain committed to its regulation. The only way

to induce �rms to invest would be to commit to a strong penalty for not meeting

the regulation. However, these authors consider that the government is unable

to commit to the stringency of the regulation. By making the same assumption,

we here replicate their result. By assuming that the government can, on the

contrary to regulation, commit to issue marketable permits they show that the

hold-up problem they have identi�ed can be solved. We will explain this below.

Note that the hold-up problem we referred to earlier is of a di¤erent nature

as it occurs through the bargaining position e¤ect of investment. Given that

Gersbach and Glazer operate in a one country set-up, they did not consider this

type of issue.

With intra country permits: If countries act as one, they choose the �rst

best targets by maximizing joint total social welfare.
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MaxMFP ;MFP�(a+ a�)(MFP +MFP�)� (MFP )2

2 (
Pn

i=1 ki)
� (MFP�)2

2 (
Pn

i=1 k�i)
(31)

The �rst order conditions con�rm that each country takes into account the

externality of its emissions reductions on the other country�s welfare. Each

target is thus a function of both preference parameters a and a� and of the ag-

gregate investment of �rms. This result is an application of the Coase theorem,

leading to an e¢ cient outcome where the sum of the marginal bene�ts from

reducing emissions in each country is equal to the marginal cost.

With the speci�ed functional forms, the �rst best with permits (FB) targets

will be:

MFP = (a+ a�)

 
nX
i=1

ki

!
(32)

MFP� = (a+ a�)

 
nX
i=1

k�i

!
(33)

The targets chosen to maximize joint social welfare are a function of respec-

tive investment levels and the preferences of each country. This is an important

feature of the complete contract case, and con�rms the importance of the invest-

ment level being veri�able by a third party. The freeriding problem is overcome

here by a contract being veri�able by a third party.

This implies welfare levels, taking the investment as sunk are the following:

V FP = a(a+ a�)
nX
i=1

k�i +

 
a2 � a�2

2

!
nX
i=1

ki (34)

V FP� = a�(a+ a�)
nX
i=1

ki +

 
a�

2 � a2
2

!
nX
i=1

k�i (35)

We complete here our discussion related to Gersbach and Glazer (1999).

We can now see that if the government can commit to issuing permits it will

induce �rms to invest. Indeed, if �rms acted cooperatively, they could collude,

invest nothing and make sure that the government issues no permits, as given

by equations 24-25 and 32-33. However, we assume that �rms do not cooperate.

If one �rm deviates and decides to invest, it will induce the government at time

1 to issue permits. If the �rm is the only one to have invested, it will sell permits

at p = a and make a pro�t. In equilibrium, all �rms will hence have an incentive

to invest as will shall see in section 2.4.
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With inter and intra country permits: We proceed to the same analysis

but now assume that countries agree to make their emission permits transferable

across borders. The total expected cost for �rms is then characterized at Home

by equation 17. The maximization of joint social welfare then takes the following

form:

MaxMFTP ;MFTP�(a+ a�)(MFTP +MFTP�)�
�
MFTP +MFTP��2

2 (
Pn

i=1 ki +
Pn

i=1 k
�
i )

(36)

The �rst order condition expressed in equation 37 does not pin down a

particular value for each target, but rather an optimal total value of targets.

This occurs because the presence of international permits implies that the �rst

best allocation of costs will occur naturally through the market and that only the

aggregate level of reductions a¤ects welfare. The total emission reductions target

needed to reach �rst best can be allocated to each country indi¤erently, given

that permits will ensure that this target is achieved at least cost by equating

marginal costs across countries. The �rst best targets with �total permits�

(FTP) are given in equation 37.

(MFTP +MFTP�) = (a+ a�)

 
nX
i=1

ki +
nX
i=1

k�i

!
(37)

We assume that the allocation of particular targets will be the result of a

bargaining process between the two governments: although the total reductions

are chosen optimally, the burden of the cost does vary with this allocation.

The solution is thus indetermined. One possible that social welfare levels are

identical to the case where permits cannot be traded across borders, as given in

equations 34 and 35:

V FTP = V FP (38)

V FTP� = V FP� (39)

We have thus shown in this section that inter country permits, when gov-

ernments have equal bargaining power, do not a¤ect social welfare as compared

to the case with �intra country�permits.
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2.3.3 The Bargaining case

We have assumed that investments are non-veri�able. If they were, an agree-

ment could be made before time 0, which would lead to the total cooperation

�rst best case. Targets would be set in advance through a complete contract

and would be made contingent on investment levels.

Given that investments are non-veri�able, countries are bound to "renegoti-

ate" or rather in this case negotiate at time 1. We assume that social welfare is

transferable such that the negotiation, based on the bargaining power of each

country, will devise a transfer that ensure participation of both countries in the

agreement. The surplus of cooperation versus non cooperation will be shared

according to a Nash bargaining process.

The transfer must be agreed upon in order to make each country at least

as well o¤ in the agreement as in its outside option where it would act non-

cooperatively and free-ride. At time 1, when the countries negotiate, they take

as given the investment levels of their �rms. The investments are assumed to

be irreversible, otherwise there would be no bene�t of negotiation.

We consider the di¤erent permit markets that might be implemented. As

stated earlier, we now rule out the possibility of simple regulation without per-

mits.

With inter country permits in non cooperation and ( inter and) intra
country permits in cooperation Given the public nature of the good, coop-

eration is Pareto superior to non cooperation. We can show this by calculating

the surplus of cooperation over non cooperation for each country.

For Home, we substract social welfare under no cooperation (as given by

equation 26) from social welfare under full cooperation with permits (inter and

intra or intra only) (equation 34) and obtain the surplus:

S = a2
nX
i=1

k�i �
a�

2

2

nX
i=1

ki (40)

Symmetrically, the surplus for Foreign:

S� = a�
2

nX
i=1

ki �
a2

2

nX
i=1

k�i (41)

These results con�rm that total surplus is always positive. Note also that

each country�s surplus is increasing in the other country�s aggregate investment

and decreasing in its own. This is due to the public good nature of the problem.
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ST =
a�

2

2

nX
i=1

ki +
a2

2

nX
i=1

k�i > 0 (42)

Assuming equal bargaining power, the Nash maximand will be maximized in

order to derive the transfer needed from Home to Foreign to ensure participation

in the agreement.

Maxt(V
FP � t� V NCP ) 12 (V FP� + t� V NCP�) 12 (43)

The �rst order condition of this maximization problem yields the equilibrium

transfer under this incomplete contract.

tTP =
3

4
a2

nX
i=1

k�i �
3

4
a�

2
nX
i=1

ki (44)

Notice that if countries had the same preferences and the same amount of

aggregate investment, the transfer would be zero.

As a result of this transfer, social welfare levels under a Nash bargaining

agreement (A) will be:

V A = V FP � t = a2 + 4aa�

4

nX
i=1

k�i +
2a2 + a�

2

4

nX
i=1

ki (45)

V A� = V FP� + t =
a�

2

+ 4aa�

4

nX
i=1

ki +

"
2a�

2

+ a2

4

#
nX
i=1

k�i (46)

Rather than assuming a pure monetary transfer between countries, one might

more plausibly consider it as a di¤erent allocation of targets �M and �M�, where

the total reduction of emissions remains �rst best and where permits are traded

across borders.

�M + �M� =MFP +MFP� = (a+ a�)

 
nX
i=1

ki +

nX
i=1

k�i

!
(47)

If the transfer was positive, it corresponds to Home having a higher allocated

target �M and Foreign a lower target �M� and Home �rms having to buy permits

from Foreign �rms. The social welfare levels must correspond to equations 45

and 46.

a( �M + �M�)�
�
�M + �M�� �M

(
Pn

i=1 ki +
Pn

i=1 k
�
i )
+

�
�M + �M��2Pn

i=1 ki

2 (
Pn

i=1 ki +
Pn

i=1 k
�
i )
2 = V

A (48)
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a�( �M + �M�)�
�
�M + �M�� �M�

(
Pn

i=1 ki +
Pn

i=1 k
�
i )
+

�
�M + �M��2Pn

i=1 k
�
i

2 (
Pn

i=1 ki +
Pn

i=1 k
�
i )
2 = V

A� (49)

This yields as a result:

�M = MFP +
t

(a+ a�)
(50)

=

"
(a+ a�)� 3a�

2

4(a+ a�)

#
nX
i=1

ki +
3a2

4(a+ a�)

nX
i=1

k�i

�M� = MFP� � t

(a+ a�)
(51)

=

�
(a+ a�)� 3a2

4(a+ a�)

� nX
i=1

k�i +
3a�

2

4(a+ a�)

nX
i=1

ki

Which con�rms that if transfers are zero, there is no di¤erence between the

�rst best with permits and the Nash bargained agreement.

Having computed these di¤erent cases, we can now brie�y make a summary

of how each case will involve a di¤erent social welfare and cost for �rms at Home

(Foreign obtains symmetric results).

No cooperation with intra permits: V NCP =
a
Pn

i=1 ki
2

+aa� (
Pn

i=1 k
�
i )

MNCP = a
Pn

i=1 ki

�NCPi =
MNCP 2

ki

2 (
Pn

i=1 ki)
2 �

MNCP 2

n
Pn

i=1 ki

=
a2ki
2

� a
2
Pn

i=1 ki
n

First best (Full cooperation) with intra and inter permits: V FP =

a(a+ a�)
Pn

i=1 k
�
i +

 
a2 � a�2

2

!Pn
i=1 ki

MFP = (a+ a�) (
Pn

i=1 ki)

�FPi =
(a+ a�)2ki

2
� (a+ a

�)2 (
Pn

i=1 ki)

n

16



Nash Bargaining Agreement with intra and inter permits: V A =

V FP � t = a2+4aa�

4

Pn
i=1 k

�
i +

2a2+a�
2

4

Pn
i=1 ki

�M =
h
(a+ a�)� 3a�

2

4(a+a�)

iPn
i=1 ki +

3a2

4(a+a�)

Pn
i=1 k

�
i

�Ai =
(a+ a�)2ki

2
� (a+ a

�)

n

nh
(a+ a�)� 3a�

2

4(a+a�)

iPn
i=1 ki +

3a2

4(a+a�)

Pn
i=1 k

�
i

o
�A�i =

(a+ a�)2k�i
2

� (a+ a
�)

n

nh
(a+ a�)� 3a�

2

4(a+a�)

iPn
i=1 k

�
i +

3a2

4(a+a�)

Pn
i=1 ki

o
We have shown that symmetric results are obtained for Foreign.

We can now go one step further and analyze the investment decisions of

�rms at time 0.

2.4 At time 0

At time 0, �rms decide on their investment. We saw above that if they anticipate

a regulation and that the government is not credible in the imposition of a

penalty in case of non respect, they will not invest. Besides, this hold-up problem

identi�ed Gersbach and Glazer has been showed to be solved by the threat of

emission permits to be issued. Such a policy instrument is assumed to be more

credible than a regulation. We therefore have assumed the presence of permits,

but now extend Gersbach and Glazer�s framework by analyzing the investment

decisions of �rms when they anticipate international agreements.

Firms may anticipate either a no cooperation or a fully cooperative outcome

if investment is veri�able and a complete contract can be made between coun-

tries. However, we have shown in the previous sections that if investment is non

veri�able, a contract cannot be made contingent on its level, and will hence be

incomplete. If �rms anticipate this, they will invest accordingly.

We now consider the di¤erent possible anticipations and their resulting in-

vestment decisions.

Non cooperation with permits: If �rm i at Home anticipates that its gov-

ernment will not cooperate with Foreign at time 1, but that it will introduce

permits within its borders, it will solve the following maximization problem.

Maxki�
NCP
i � k2i (52)

The solution to this problem yields the following investment level by �rm i

at Home and in Foreign respectively:
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kNCPi =
(n� 2)a2
4n

(53)

kNCP�i =
(n� 2)a2
4n

(54)

Cooperation with permits: Optimally, if there were a complete contract,

�rm i would maximize pro�ts by anticipating that their pro�t at time 2 will be

�FPi :

Maxki�
FP
i � k2i (55)

The �rst order conditions yield the e¢ cient levels of investment, where the

marginal cost of investment is equal to its marginal bene�t. Given the �rst

order conditions of time 1�s target choice, this marginal bene�t is the decrease

in Ci, the cost of reducing emissions, given the expectation of the target :Firms

at Home would therefore invest at time 0 an amount kFPi while those in Foreign

will invest kFP�i .

kFPi =
(n� 2)(a+ a�)2

4n
(56)

kFP�i =
(n� 2)(a+ a�)2

4n
(57)

We see here that �rms anticipate that when there is a complete contract,

there will be no free riding. Countries will choose their targets by taking into ac-

count the e¤ect of their emissions on the other country�s welfare (which explains

why both a and a� are in equation 56. They will thus choose higher targets,

which imposes a higher responsibility to �rms. This gives them an incentive to

invest more than when countries do not cooperate.

Given the symmetry of both countries and given they act jointly, they will

each invest the same amount. With veri�able investment, and therefore the

possibility of writing a complete contract, the investment levels will be Pareto

e¢ cient. The presence of a third party able to enforce the agreement allows the

optimal provision of the public good to be reached.

Nash bargaining agreement with permits: Finally, we assume that �rms

anticipate that there will be a Nash bargaining process at time 1. They antici-

pate that they will receive emission quotas of �M
n (or equivalently MFP

n and pay
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a share n of the transfer which is needed to ensure participation in the agree-

ment). This corresponds to a pro�t at time 2 of �Ai . The pro�t maximization

problem at time 0 will hence be :

Maxki�
A
i � k2i (58)

Firm i will choose an investment level of kAi (Home) or k
A�
i (Foreign)

kAi =
(n� 2)(a+ a�)2

4n
+
3a�2

8n
(59)

kA�i =
(n� 2)(a+ a�)2

4n
+
3a2

8n
(60)

Comparing all three possible anticipations, we have the following proposition.

Proposition 1 In the case of a global public good, investment by �rms that
anticipate no cooperation and freeriding by their country�s government will be

lower than investment under the �rst-best (complete contracting) case. In the

presence of an incomplete contract, investment will be highest. There is overin-

vestment.

kAPi > kFPi > kNCPi (61)

kAP�i > kFP�i > kNCP�i

In the next section we attempt to give the intuition of this result and contrast

it with the existing literature.

3 Why overinvestment?

The result in proposition 1 contradicts the previous results by McLaren (1997)

and Wallner (2003) who demonstrated a hold-up problem whereas we here show

there is overinvestment by �rms who anticipate a negotiation.

This result is due to the global public good nature of the problem. The

bene�ts from emission reductions in one country also a¤ect the welfare of the

other country. On the other hand, the countries are also linked on the costs

side by the permits: any investment by a �rm in one country a¤ects the permits

market in the future and hence the incentives to invest at time 0. As a result,
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at the point of negotiation, the �rst best welfare, and the outside option non

cooperative welfare are both a function of the investment of both countries. So

is the surplus of the agreement where ki and k�i are both in equations 40 and

41. This means that for example, home�s investment has a e¤ect on the relative

bargaining position of both countries. This is the particularity of a public good

setting.

An important mechanism behind our result, is that �rms do not anticipate

the fact that other �rms in the other country are investing. If they would

take the other country�s investment into account (or if both countries were in-

tegrated), they would invest at a �rst best level. Firms in the �rst-best limit

their investment because it would increase their target more than in the bar-

gained case, in which part of the increase is absorbed by the other country:
@ �M
@ki

< @MFB

@ki
:

Another possible mechanism is that �rms overinvest due to the e¤ect their

investment has on the targets. They anticipate they will be able to sell per-

mits to �rms who have not invested to a larger extent given that the e¤ect of

investment on the target is di¤erent under the bargained solution.

The overinvestment is caused by the contract incompleteness and is di¤erent

from a classic freerider problem. If the contract were complete, the presence of

a third party capable of enforcing the agreement solves both the overinvestment

and the freeriding. In the incomplete contract, the outcome is better than the

second best pure freeriding and non cooperative solution, however the unveri�-

ability creates the overinvestment.

4 Conclusion

This paper has developed a model where international agreements are viewed as

incomplete contracts. It seeks to understand the dynamic e¤ect of a country�s

�rms investments on the bargaining position of that country at the international

level. It hence extends the incomplete contract literature to a new area and

innovates by allowing both parties to make a relationship speci�c investment

and by considering the case of a public good. It shows that the results of hold-

up in the case of international negotiation depends on the nature of the problem

being negotiated and thus di¤ers from McLaren (1997) and Wallner (2003). The

result of Gersbach and Glazer (1999) is replicated. Finally, it di¤ers from the

public good literature by demonstrating that a strong third party is not su¢ cient

to enforce a �rst-best provision when veri�ability is an issue.
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Having introduced the setting, we develop in the �rst section the model

that allows us to contrast the complete agreement �rst-best equilibrium with

the incomplete contract solution. Overinvestment occurs because countries are

linked both on the bene�t and the cost side. Firms do not take into account

when investing that there investment will a¤ect also the other country. Also,

they do not anticipate that �rms in the other country are also investing.

When linked to the real environmental negotiations within the UNFCCC

where targets are meant to be renegotiated periodically, �rms are uncertain

about their future abatement responsibilities and do not possess the property

rights to given levels of control. If they were certain about the future Mk, thy

could act optimally and make the appropriate long term investments whose

returns are then certain. Hence by prolonging the period between two renego-

tiations, one reduces the overinvestment and would give an incentive to invest

more optimally in the long term.

Extensions to this model should be investigated. We need to understand

more profoundly the underlying mechanics that a¤ect the overinvestment results

and disentangle the e¤ect of permits versus the global publicness of the good.

Also, the model needs to be rewritten in a more general setting in order to verify

the general character of our result.
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