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Abstract

Environmental problems, like climate change, typically require coor-

dinated collective action to escape the tragedy of the commons. These

problems, however, often involve inter-temporal trade-o!s, and there are

multiple reasons to expect heterogeneity in time preferences within the

collective, leading di!erent members of the group to favor di!erent col-

lective policies. For example, di!erent countries may have both di!erent

pure rates of discounting as well as di!erent growth rates, leading them

to have di!erent social discount rates and favor di!erent greenhouse gas

emission reduction targets.

In this paper, I analyze the negotiations between the group members

as a bargaining problem, and show that more ’impatient’ members will

have a stronger influence on policy choice. The ides follows from combin-

ing two basic insights from bargaining theory and the theory of commons

dynamic games. The first is that having less to lose from disagreement

leads to stronger bargaining power. The second is that non-cooperative

outcomes are often characterized by highly impatient behavior (tragedy

of the commons), which is therefore more undesirable to the patient mem-

bers. If disagreement resulted not in unregulated emissions, but instead

in a ban on all emissions, the result would be reversed.

!Columbia University. email: rf2241@columbia.edu
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1 Introduction

Discount rates play a central role in the theory of inter-temporal decisions as

they allow economic agents to compare present and future changes to welfare.

This paper is concerned with the collective inter-temporal decisions of groups

that are composed of agents with heterogenous discount rates. The group is

trying to choose the level of investment in a public good, the returns of which

will manifest in the future. Even though all agents can potentially benefit from

collective behavior (uncoordinated investment levels are likely to be ine!ciently

low), they will probably di"er regarding the precise collective policy to be fol-

lowed, each agent advocating the use of a ’collective’ discount rate close to her

own. In other words, there will be disagreement on which of the Pareto e!cient

policies to follow.

There is a broad range of situations that can be described in this way. On the

global scale, the most pertinent example is provided by climate change. The

debate around climate change policy has brought out the variety of opinions

about the correct value of the social discount rate to be used, because the

long time scales involved mean that the outcome of cost-benefit analysis is very

sensitive to the rate chosen. For example, the drastic di"erence between the

policy recommendations of Stern [11] and Nordhaus [12] is at least in part due to

their choices of discount rates (see the discussion by Dasgupta [13]). Weitzman

[9], who surveyed 2160 economists in 48 countries found a wide spread in the

choice of discount rates (the mean was 3.96 percent a year, with a standard

deviation of 2.94 percent). Such di"erences can be attributed to either opinions

about the ’right’ discount rates, subjective personal time preferences, or to

uncertainty on the return rate on capital. Regardless, it is unlikely that similar

di"erences will be absent form the international negotiation table on climate

change treaties. Across countries, levels of income and growth rates might
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generate the most di"erence in the discount rate of choice. It is mostly expected

that developing countries would prefer higher discount rates.

There seems to be ample empirical evidences of heterogenous discount rates,

on scales ranging from the international to the intra-houshold. For example,

Hepburn [1] reviews the environmental discounting guidelines in the OECD

countries and finds large variation across countries. Even when it comes to pure

time preferences, a very large degree of heterogeneity in pure time preferences is

empirically found across individuals (see [2] for a review). Di"erential access to

credit markets can also drive such heterogeneity. For example, when open access

resources are harvested by firms of di"erent sizes, this is likely to play a part.

Examples, however, need not be confined to environmental issues. In Intra-

household decisions, it is sometimes thought that women have lower discount

rates than men. And more abstractly, some theories of individual inter-temporal

choice model it as a conflict between two selves, one of which is impatient, or

myopic and the other patient, or far-sighted (see [2], pp 375 for a review).

The focus of this paper is on the outcome of the negotiations between the

members of such heterogenous groups. I consider an inter-temporal collective

action decision facing a group of firms. The firms are free to engage in activities

that carry present benefits to the emitter, but future damages to everyone.

Damages are assumed to be identical. Inspired by the climate change example,

will refer to these activities as emissions, but they can as appropriately describe

extraction of an open access resource, or the negatives of investments in a public

good.

For simplicity, I assume there are two firms. Let Wi, i = 1, 2 be the

present discounted utility of the firms as a result of some emission choices. It is

well known that firms can all benefit (increase their present discounted utility)

by coordinating a Paretto e!cient (PE) policy rather than following the non-
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cooperative equilibria, or MPEs. The set of Paretto e!cient outcomes, however,

is large. PE outcomes can be characterized as maximizing convex combinations

of agents lifetime utilities, and can thus be labeled by a continuos parameter

0 ! ! ! 1. The PE emissions that correspond to each value of ! maximize

W! = !W1 + (1" !)W2 (1)

The choice of which of these PE policies to implement can be thought of as

a bargaining problem, as formulated by Nash. The object of bargaining is the

value of !, with ! = 1 being the ideal choice of firm 1 and ! = 0 being the ideal

choice of firm 2. I assume that monetary transfers can not be incorporated into

the bargaining. Otherwise, the bargaining should lead to a choice of ! = 1/2. I

will return to this assumption later.

A host of bargaining theories exist to model the negotiation process and

predict the outcome of this process. The result depends on the model or theory

used, the benefit and damage functions of the firms etc... This paper focuses

on heterogeneity in time preferences, and argues for a general tendency for the

outcome to be biased towards the more impatient firm. The ides follows from

combining two basic insights from bargaining theory and the theory of commons

dynamic games. The first is that having less to lose from disagreement leads

to stronger bargaining power. The second is that non-cooperative outcomes are

often characterized by highly impatient behavior (tragedy of the commons), in

the sense that aggregate emissions are ine!ciently excessive. In many environ-

mental problems, in particular, failure to agree on collective policies results in

unregulated actions, which can be modeled by an MPE.

The basic argument here is that this fact inherently biases the bargaining

process in favor of the more impatient firm (the one having a higher discount

rate), by giving them stronger bargaining power. Intuitively, if non-cooperative
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outcomes (MPEs) tend to be more impatient, the benefits of cooperation, while

positive in the net, will tend to be accrued in the future. Since more patient

agents value the future more, they may tend to value cooperation more, and

thus have weaker bargaining power. If this is true, it will be manifested in group

decisions that will out ’excessive’ weight on the interests of the more impatient

agent.

But ’excessive’ compared to which benchmark? the most symmetric bench-

mark is the utilitarian outcome. I thus examine the following:

Conjecture 1 If emissions are unregulated when no agreement is reached, the

firms will agree to pursue a policy that puts more weight on the impatient firm’s

utility than the utilitarian policy, i.e. a value ! > 1/2.

To highlight the role of the disagreement point, I contrast the result to the

opposite case, in which there is a complete ban on emissions in the absence of

agreement. The same logic would suggest that in this case

Conjecture 2 If emissions are banned when no agreement is reached, the firms

will agree to pursue a policy that puts more weight on the patient firm’s utility

than the utilitarian policy, i.e. a value ! < 1/2.

I also ask how does shifting weight in favor of the more impatient agent

influence collective policy? it would seem natural that collective policy would

tend to become more impatient, in the sense that aggregate emissions might

rise with !, i.e. that "e
"! > 0. However, it turns out that this is not necessarily

the case.

To formulate and test these ideas, I construct a simple two period model

in which emissions take place in period 1 (the present) and damages occur in

period 2 (the future). The model, and the needed elements from bargaining

theory, are described in section 2.
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The logic guiding conjectures 1,2 is most transparent for inter-temporal deci-

sions that a"ect all agents identically. In the language of this model, this means

emissions are constrained to be equal for both agents. This constrained model,

which may not be unreasonable in certain realistic applications, is examined in

section 3. It has the advantage of simplifying the analysis considerably, and

both conjectures are easily seen to hold in it 1. Moreover, aggregate emissions

rise with !, as expected.

In section 4 I remove the constraint and allow for heterogeneous benefits.

The real Pareto frontier is then realizable. In this model, the logic of conjecture 1

runs into some di!culties because the fact that both utilitarian and equilibrium

have heterogeneous emissions means that the di"erences in present discounted

benefit between the two agents is not determined only by their discounting.

However, I show that as long as benefits from emissions have decreasing abso-

lute risk aversion (DARA), the e"ect of discounting dominates and conjecture

1 holds. Conjecture 2 is also seen to hold without additional assumptions. In-

terestingly, however, aggregate emissions do not necessarily increase with !.

Perhaps counter-intuitively, aggregate emissions do not always rise with !. Ba-

sically, what happens is that there is distributive e"ect of emissions which is also

present for homogenous discount rates, and which can tilt aggregate emissions

each way as ! increases, depending on the properties of the benefit function

u(e). This e"ect can overcome the discounting e"ect in some cases. I show that

when u(e) has a constant elasticity of marginal utility " (CRRA), conjecture 3

does hold as long as " < 1. I also show that collective impatience does increase

with ! if it defined more cautiously.

In general, the comparison between the two disagreement scenarios, i.e. a

ban vs. anarchy, is Coasian in spirit. An e!cient outcome is reached Irrespec-

1if the equilibrium outcome also has equal emissions no further assumptions are necessary,
but if it has heterogeneous emission levels, the conjectures still hold provided the tragedy of
the commons also holds - this is not guaranteed in this model
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tive of the ’pollution rights’ when no collective action can be agreed on, but this

outcome gives the di"erent parties di"erent payo"s in the two cases. If the insti-

tution is designed by some social entity that prefers the utilitarian outcome, or is

averse to high social discount rates (subject to the caveats on conjecture 3), this

paper points out the important role of the disagreement point in this context,

as a possible policy tool. Another obvious implication from this perspective is

that enabling side transfers can avert the predictions of this paper.

It is worth mentioning that Gollier and Zeckhouser [8] also consider groups

with heterogenous discount rates, and analyze the properties of the representa-

tive agent’s discount rate. In e"ect, the analysis in Weitzman [9],citeweitzmann2

on uncertain discount rates can also be interpreted in a similar way 2. In both

cases, the authors analyze all the possible representative agents, and each of

these agents corresponds to one of the e!cient policies the group can pursue

3. In contrast to these papers, my goal here is to understand which of these is

more likely to be chosen through the negotiation process. The inter-temporal

structure of my model is therefore much simpler.

It is also important to note that the ideas discussed here may seem to be

at odds with Rubinsteins (1982) model of non-cooperative bargaining. In that

setting, more impatient agents have weaker bargaining power because they want

to reach an agreement faster. The di"erence between these two approaches lies in

the length of the time horizon considered. I assume that the bargaining process

occurrs over limited time period which is much shorter than the time horizon

over which the results of present emission decisions manifest themselves. This

certainly seems to be true, for example, in global climate change. Under these

circumstances, the di"erences in discount rates among firms can be negligible

when applied to the negotiation process, but significant when applied to the

2when agents are all constrained to have the same benefit and costs at every period
3In Weitzman’s model, each represntative agent would correspond to a di!erent probability

distribution on the discount rate
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valuation of future impacts.

2 Model

2.1 Basic setup

The main features of an inter-temporal collective action problem with two firms

can be captured in a simple two-period model consisting of the ”present” and

the ”future”. The two firms engage in activities that have individual returns in

the present but carry public damages in the future. I will refer these activities

as ”emissions”, borrowing from the pollution example.

Let ei be present emissions of firm i and e = e1 + e2 be aggregate emissions.

Both firms have identical immediate (short term) benefits from emissions that

are described by a standard concave benefit function u(e) that satisfies the

Inada conditions. Firms also su"er from identical damages that occur in the

future (long term). Damages depend on aggregate emissions (the source of the

externality) and are described by a concave function d(e). To summarize:

u!(e) # 0, u!!(e) ! 0 (2)

d!(e) # 0, d!!(e) # 0 (3)

We define inter temporal utility of agent i as

Wi = #iu(ei)" (1" #i)d(e) (4)

where 1 > #i > 1/2 (the present is more important than the future). It is

straightforward to check that

Proposition 1 The utilities Wi(e1, e2) are concave in emissions levels.
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Note that the actual discount factors of the two firms are

Di =
1" #i

#i
(5)

I assume that #1 > #2, so 1 > D2 > D1 > 0. Firm 1 is the more impatient

firm.

We choose the forms 4 because being a weighted average of present and

future with weights summing up to unity, they provide the most symmetric and

unbiased definition of inter-temporal utility. 4

In the non-cooperative equilibrium, firms choose emissions taking into ac-

count only damages to themselves, given the other firm’s emissions. The FOC

for the equilibrium emissions, e"i , are thus:

u!(e"i ) =
1" #i

#i
d!(e") (6)

where e" = e"1 + e"2. It follows that

e"1 > e"2 (7)

With a little more structure, we can also generate another equilibrium. Sup-

pose that total emissions are bounded, e < M , and that if firms choose emissions

such that e # M , then each gets e1 = e2 = M/2. Under these assumptions the

strategies ei(ej) = M "ej form a NE with outcome emissions e""1 = e""2 = M/2.

This equilibrium will be useful in section 2 for illustrating the basic idea. It is a

formal description of the extreme ’grab all you can before the other firm takes

it’ policy, for example when ’emissions’ are really extraction of an open access

resource.
4Multiplying these expressions by some proportionality constants will of course not a!ect

the non-cooperative equilibrium emissions or the loci of e"cient emissions, but can alter the
validity of statement I, because it changes the definition of !. The main statements of the
following analysis are also valid, for example, by defining Wi = u(ei)"Did(e) with D2 > D1.
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The polar benchmark is a complete ban on emissions, i.e. eBi = 0, for which

payo"s are

WB
i = #iu(0)" (1" #i)d(0) (8)

Pareto e!cient emission levels can be characterized as maximizing convex

combinations of the two firms’ utilities

ê1(!), ê2(!) = argmax
e1,e2

W!(e1, e2) (9)

where

W! $ !W1 + (1" !)W2 (10)

and 0 ! ! ! 1.

In particular, the utilitarian emission levels êi $ êi(1/2) are those that

maximize the utilitarian objective, W1 +W2. They equate marginal benefits to

aggregate marginal damages.

2.2 The Bergaining Problem

As ! varies from zero to one, it maps the Pareto frontier. The firms negotiate

the choice of !. If thy agree to maximize W!, they enjoy utilities

Wi(!) $ Wi(ê1(!), ê2(!)) (11)

By definition, the maximum of W1 is at ! = 1 and the maximum of W2 is

at ! = 0.

If the set of feasible outcomes is convex (through randomization if needed),

the frontier can be described by a concave function (figure 1): W !!
2 (W1) ! 0
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along the frontier. By the envelope theorem, again along the frontier

dW2

dW1
= "1" !

!
(12)

By concavity, there are no other local extrema along the frontier except the

global maxima, so we can deduce that

W !
1(!) # 0 (13)

W !
2(!) ! 0 (14)

i.e. firm 1 prefers high value of !, ideally ! = 1, and firm 2 prefers low

values, ideally ! = 0.

Let W "
i be firm i’s utility in the non-cooperative equilibrium. Each firm’s

gain from cooperating is

#i(!) = Wi(!)"W "
i (15)

Bargaining theories predict the value of ! that will be the outcome of the

bargaining process, call it !̃. Of the many cooperative bargaining theories

(see Thomson for a review), I use here two of the most prominent ones: the

Egalitarian theory and the Nash theory.

The Egalitarian bargaining theory predicts the outcome will equate the two

firms’ gains from cooperation:

Definition 1 The Egalitarian outcome !̃E is defined by: #1(!̃) = #2(!̃).

The Nash bargaining theory predicts the outcome will maximize the product

of both firms’ gains:

Definition 2 The Nash outcome is !̃N = argmax! #1(!)#2(!).
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The next proposition shows that the validity of conjectures 1 and 2 are

independent of which of these two bargaining theories are used.

Proposition 2 For any disagreement payo!s W "
i (not necessarily the equilib-

rium payo!s), !̃N > 1/2 if and only if !̃E > 1/2

Proof. I will show that the two statements

#1(1/2) > #2(1/2) (16)

$

$!
#1(!)#2(!)|!=1/2 > 0 (17)

Are equivalent. This will prove the proposition, since 16 says that the egalitarian

bargaining outcome is biased towards firm 1 (recall 14), and 17 says the Nash

value function increases at ! = 1/2 and therefore that the maximand !̃N > 1/2

5

To show this equivalence, expand 17 and see that it is equivalent to:

#!
1(!)|!=1/2

#1(!)
> "

#!
2(!)|!=1/2

#2(!)
(18)

Notice that since the disagreement outcome utility is independent of !,

$#i

$!
=

$Wi

$!
(19)

Also, the change in ! only a"ects Wi through a change in the optimal con-

sumption variables, but those are chosen to maximize !W1 +(1"!)W2, so any

first order changes in Wi from a change in consumption satisfy:

!%W1 + (1" !)%W2 = 0 (20)

5Recall that the Pareto frontier is concave, i.e. W ""
2 (W1) # 0 and therefore that so is the

value function N(W1) = #1#2: N ""(W1) = W ""
2 (W1)#1 + 2W "

2(W1) # 0.
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In particular, as a result of a small change in ! near ! = 1/2,

%#1 = %W1 = "%W2 = "%#2 (21)

From which it follows that 19 is equivalent to #1 > #2, the egalitarian form.

Relying on this proposition, I will now confine the discussion to the egali-

tarian theory, and discuss the validity of the conjectures 1,2, reformulated as:

Conjecture 1 When disagreement payo!s are defined by the non-cooperative

equilibrium, #1(1/2) < #2(1/2).

and

Conjecture 2 When disagreement payo!s are defined by a ban on emissions

W "
i = WB

i (8) then then #1(1/2) > #2(1/2).

I will start in section 3 with the case in which environmental decisions involve

benefits and damages that are identical to all firms, i.e. emission levels are

constrained to be equal, and remove this constraint in section 4. Notice that

the above analysis remains valid if there is an implicit constraint that emissions

are constrained to be equal

3 Equal Emissions levels

In this section I assume that all coordinated policies must have equal emissions:

ê1(!) = ê2(!) $ ê(!)/2 (22)

One can think of a number of reasons why such constraints might apply

in reality. It may be dictated by considerations of fairness, measured through
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emissions rather than welfare, as is often voiced, for example, in climate change

negotiations (reference). There could be technical obstacles or high transaction

costs to allow di"erentiated access to a resource, for example, in the case of the

release of water from a reservoir with a rigid canal structure.

The ideas of section 1 remain intact under this constraint. Utilitarian emis-

sions satisfy the FOC:

u!(ê/2) = 2d!(ê)
1" #1 + 1" #2

#1 + #2
(23)

The intuitive case for 1, as made in the introduction, was that while net gains

from cooperation are positive, they are composed of short term losses and long

term gains. The simplest case is the one in which the disagreement outcome is

the ’grab all you can’ equilibrium, e""1 = e""2 $ e""/2 (or any other equilibrium

with equal emission levels).

Decompose net gains as follows:

#i(1/2) = #i#
P + (1" #i)#

F (24)

#P = u(ê/2)" u(e""/2) (25)

#F = d(e"")" d(ê) (26)

Since ê < e"", it is clear that and #P < 0 and #F > 0 and therefore that

conjecture 1 is true.

Similarly, if disagreement outcomes are defined by a ban on emissions, the

gains are

#i(1/2) = #i(u(ê/2)" u(0)) + (1" #i)(d(0)" d(ê)) (27)

This time, the first term is positive (present benefits) and the second term
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is negative (future damages) which establishes 2.

When the disagreement outcome is not the symmetric equilibrium, but the

equilibrium 6, the verification of 1 is slightly more complicated since present

benefits are not equal for the two firms.

Once again, decompose net gains to

#i(1/2) = #i#
P
i + (1" #i)#

F (28)

#P
i = u(êi)" u(e"i ) (29)

#F = d(e")" d(ê) (30)

Can we argue,as before, that 38 is higher for player 2? In this model, it may

be necessary to assume that the tragedy of the commons holds, i.e. that 6

e" > ê (31)

This assumption implies that the future gain is positive:

#F > 0 (32)

As before, this positive gain is more highly valued by firm 2. So the second

term in 38 is indeed positive and higher for firm 2.

what about the first term? Since e"1 > e"2 and e" > ê, it follows that

e"1 > ê/2, i.e. that at least firm 1 emits more in the equilibrium, and thus

that #P
1 < 0 and the first term is negative for firm 1. If firm 2 emits less in

the equilibrium, than #P
2 > 0 and the first term is positive for firm 2, so the

argument is complete. If it also emits more in the equilibrium, i.e. #P
2 < 0, than

6we will see later that when emissions levels are not constrained to be equal, this is always
the case. In the case of equal emissions, however, it is not generally true, and needs to be
assumed.
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since e"1 > e"2, it follows that present losses are greater for firm 1, #P
1 < #P

2 < 0,

and since these are also more highly valued by firm 1 (#1 > #2) the argument

is complete again. We have proved that

Proposition 3 When emissions are equal and e" > ê, conjecture 1 is true.

We have already proved that

Proposition 4 When emissions are equal, conjecture 2 is true.

Another nice feature of the equal emissions model is that as ! increases, so

do aggregate emissions.

Proposition 5 When emissions are equal, "ê(!)
"! > 0.

Proof.

The FOC that determines ê(!) is:

u!(ê(!)/2) = 2d!(ê)
!(1" #1) + (1" !)(1" #2)

!#1 + (1" !)#2
(33)

Note that

!(1" #1) + (1" !)(1" #2)

!#1 + (1" !)#2
=

!#1
(1##1)

#1
+ (1" !)#2

(1###2)
#2

!#1 + (1" !)#2
(34)

is a weighted average of (1" #1)/#1 < (1" #2)/#2, and the weight given to

lower of these rises with !. Hence the entire LHS rises with !, and from the

FOC it follows that the solution decreases with it (u!(e)/d!(e) is a decreasing

function from our basic assumptions).
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4 Heterogeneous Emissions

4.1 Checking the conjectures

The basic flow of the argument in this case is similar to the equal emissions

case, but the inequality of the utilitarian emission levels will turn out to require

some conditions to be imposed on the benefit function in order for the same

result to hold.

In this unconstrained case, the utilitarian emission levels are again chosen

by taking into account marginal damages to both firms. The FOCs are:

u!(êi) =
1" #1 + 1" #2

#i
d!(ê) (35)

where ê = ê1 + ê2.

We see that in the utilitarian case too, firm 1’s emissions are higher:

ê1 > ê2 (36)

In the unconstrained case, it is not necessary to assume the tragedy of the

commons:

Proposition 6 Equilibrium aggregate emissions are higher than the utilitarian

level e" > ê. Also, firm 1’s equilibrium emissions are higher than the utilitarian

level: e"1 > ê1.

Proof. Suppose by contradiction that e" # ê, so that d(e") # d(ê). It would

follow from 6 and 35 that for both i=1,2 e"i > êi, a contradiction. Therefore, it

must be the case that e" > ê.

Now, by dividing 6 and 35, we see that
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u!(e"1)/u
!(ê1)

u!(e"2)/u
!(ê2)

=
1" #1

1" #2
< 1 (37)

Thus, had it been the case that e"1 # ê1, it would follow that also e"2 # ê2

and thus that e" ! ê, which we have proved is impossible.

Let us now compare the net benefits from cooperation, again separating

them into short term losses and long term gains:

#i(1/2) = #i#
P
i + (1" #i)#

F (38)

#P
i = u(êi)" u(e"i ) (39)

#F = d(e")" d(ê) (40)

Can we argue that 38 is higher for player 2?

The tragedy of the commons (6) implies that the future gain is positive:

#F > 0 (41)

This positive gain is more highly valued by firm 2. So the second term in 38

is indeed positive and higher for firm 2.

what about the first term? the tragedy of the commons (6) also tells us that

firm 1 incurs present losses from cooperation:

#P
1 < 0 (42)

If firm 2’s present net gains were positive, #P
2 > 0, this would complete the

argument. If firm 2 also loses in the present, however, the di"erence between êi

complicates matter. If it were true that its losses are lower than firm 1’s, i.e.
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0 > #P
2 > #P

1 (43)

this would also establish the argument, because firm 2’s lower present losses

are also less important to it (i.e. #2 < #1), so the whole first term would again

be lower for firm 1.

However, it is not clear that this should be the case, since êi < e"i for both

i = 1, 2. The following proposition establishes a su!cient condition for this,

and thus for the validity of 1.

Proposition 7 If the benefit function u(e) is DARA (decreasing absolute risk

aversion) then #P
2 > #P

1 (and thus conjecture 1 holds).

Proof. The assumption of DARA means that (u! denotes the derivative of u!(e)

throughout)

| du
du! | =

u!(e)

|u!!(e)| = " u!(e)

u!!(e)
(44)

is increasing in e, and thus decreasing in u!.

Now,

"#P
i = u(e"i )" u(êi) =

! e!i

êi

du =

! u"(êi)

u"(e!i )
| du
du! |du

! (45)

by a change of integration variable. I will argue that both the lower limit of

integration is lower, and the length of the integration interval is higher for i = 1

over i = 2. Because the integrand is positive and decreasing in the integration

variable u!, this will establish that "#P
1 > "#P

2 .

The lower limits of integration are simply u!(e"1) < u!(e"2) by 7.

The length of the integration intervals are, by 6 and 35
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u!(êi)" u!(e"i ) =
1" #1 + 1" #2

#i
d!(ê)" 1" #i

#i
d!(e") (46)

=
1" #i

#i
(d!(ê)" d!(e")) +

1" #j

#i
d!(ê) (47)

where j indicates the other firm, i.e. j %= i.

Now, d!(ê)" d!(e") < 0 so

1" #1

#1
(d!(ê)" d!(e")) >

1" #2

#2
(d!(ê)" d!(e")) (48)

Also, because d!(ê) # 0, #1 > #2 # 1/2 and the function y(x) = x(1" x) is

decreasing for x > 1/2, it follows that

1" #2

#1
d!(ê) >

1" #1

#2
d!(ê) (49)

which shows that the integration interval is longer for i = 1 and completes

the proof.

The proof of conjecture 2 is again simpler. Comparing the net payo"s in

this case, we find, as before:

#i(1/2) = #i(u(êi)" u(0)) + (1" #i)(d(0)" d(ê)) (50)

The first term is positive (present benefits) for both firms, but since ê1 > ê2,

it is higher for firm 1. The second term is negative (future damages). The

distribution of weights shows immediately that #1(1/2) > #2(1/2), so

Proposition 8 When emissions are unconstrained, conjecture 2 is true.
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4.2 The e!ect on collective impatience

How are aggregate emissions a"ected by the shift in !? In the equal emission

model, we saw that aggregate emissions increase. This is intuitive: as ! increase,

the collective becomes more ’like’ the impatient firm, and values the future less,

so it would tend to increase emissions. It turns out, however, that the picture

is more complicated when emissions are heterogenous, because the latter e"ect

may compete with a distributional e"ect that exists even when discount factors

are equal.

When discount rates are equal, #1 = #2 = #, the problem of maximizing

W (!) can be re-written in terms of aggregate emissions as:

max
e

v(!, e)"Dd(e) (51)

where D = (1" #)/(#), and the ’aggregate’ benefit function is defined as

v(!, e) $ max
e1,e2,e1+e2=e

!u(e1) + (1" !)u(e2) (52)

! will have an e"ect on aggregate emissions because the marginal aggregate

benefit from emissions ve(!, e) depends on !. If the marginal return increases

with ! when ! # 1/2, then so will aggregate emissions.

The question bears parallels to portfolio problems from the theory of risk:

given a certain amount of wealth e, one has to optimally divide it into two

parts, e1 and e2, given that e1 will be realized with probability ! and e2 with

probability 1 " !. Given optimal allocation (in terms of expected utility), the

question is how ’risk’, i.e. !, a"ects the marginal returns to wealth e, or how ve

depends on !, when ! # 1/2. I will not attempt here a complete characterization

of this problem, but will restrict myself to CRRA benefit functions. Even within

this class of functions, we will see that marginal returns to e can either increase
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or decrease with !.

A suggestive indication of whether ve! # can be obtained by comparing ve

at ! = 1 and ! = 1/2 7. When ! = 1 all emissions go to the first agent,

so v(e) = u(e), and when ! = 1/2 emissions are always equally divided, so

v(e) = u(!/2). For CRRA functions u!(e) = e#$, one can readily check that

$u(e)

$e
# $u(e/2)

$e
&' " ! 1 (53)

a direct calculation of v(!, e) for CRRA functions indeed confirms that (see

below)

$2v(e,!)

$!$e
# 0 &' " ! 1 (54)

so the behavior of e with respect to ! is qualitatively as depicted in figure

1.

When discount rates are heterogenous, we can rewrite the maximization

problem as

max
e

v(!, e)"Dd(e) (55)

but this time

v(!, e) $ max
e1,e2,e1+e2=e

!#1u(e1) + (1" !)#2u(e2)

!#1 + (1" !)#2
(56)

and

D =
!(1" #1) + (1" !)(1" #2)

!#1 + (1" !)#2
(57)

It is easy to see that
dD

d!
< 0 (58)

i.e. the aggregate valuation of the future will diminish as ! increases, and

7I thank Nicolas Treich for pointing this out
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this would tend to increase e with !. However, this e"ect might either reinforce

or compete with the distributional e"ect. If the distributional e"ect increases

aggregate emissions as ! increases, as is the case for CRRA functions with

" ! 1, we would certainly expect that e increases with ! for ! > 1/2. Indeed,

for CRRA functions, one can explicitly calculate that

Claim 9 if u(e) is CRRA with coe"cient ", then

$e

$!
# 0 &'

"
1" #2

1" #1

#"
#1

#2

# 1
!

#
"
1" !

!

# 1
!#1

(59)

When discount rates are equal, the LHS=1, so the inequality is true or false,

for ! # 1/2, depending on whether " > 1, as claimed above. When discount

rates are heterogenous, and " < 1, the inequality will also hold everywhere. To

see this, notice that when " < 1, the RHS is smaller than 1, rewrite the LHS as

$e

$!
# 0 &'

"
1" #2

1" #1

#1

#2

#"
#1

#2

# 1
!#1

(60)

and recall that #1 # #2 and also that

1" #2

1" #1

#1

#2
# 1 (61)

so that the LHS is bigger than 1.

If " > 1, however, it need not be the case that e increases with !, so the

e"ect of 1 is ambiguous.

There is another way to think of collective impatience. Perhaps a more

careful approach is to define:

Definition 3 Let e(!,#1,#2) be aggregate emissions that optimize collective
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welfare W!. The e!ective discount rate is the rate #(!,#1,#2) for which

e(!,#1,#2) = e(!,#,#) (62)

i.e. if both firms had the same ’e"ective’ discount rate, the result would

be indistinguishable in terms of aggregate emissions. This definition ’neutral-

izes’ the distributive e"ect, and it is better behaved intuitively as a measure of

aggregate impatience:

Proposition 10 For all CRRA benefit functions, the e!ective discount rate

increases with ! for ! > 1/2.

Proof. From the FOC conditions

u!(e1) =
!(1" #1) + (1" !)(1" #2)

!#1
d!(e) (63)

u!(e2) =
!(1" #1) + (1" !)(1" #2)

(1" !)#2
d!(e) (64)

it follows that

(d!(e))
1
! e =

"
!#1

!(1" #1) + (1" !)(1" #2)

# 1
!

+

"
(1" !)#2

!(1" #1) + (1" !)(1" #2)

# 1
!

(65)

It follows that the e"ective discount rate # satisfies

"
#

1" #

# 1
!

=

$
!

1
! #

1
!
1 + (1" !)

1
! #

1
!
2

!
1
! + (1" !)

1
!

%"
1

alpha(1" #1) + (1" !)(1" #2)

# 1
!

(66)

the proposition follows by noting that both factors of the RHS increase in !

(the left factor being a weighted average), and the LHS increases in #.
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Thus defined, collective impatience is increased, in comparison to the utili-

tarian outcome, as a result of 1.
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1 Introduction

The cost benefit analysis of investments that reap future rewards depends cru-

cially on the rate of time discounting. This note is concerned with collective

investments that provide a common (non-rival) future good to a group of agents

whose time discount rates are heterogenous. To avoid the inefficient outcome

(the tragedy of the commons), the group needs to reach agreement on the sharing

of the short-term costs of the investments, and this agreement can be thought

of as the result of a bargaining process. Here, I discuss the question of how

discount rates affect the bargaining power of the different agents involved.

Non-cooperative models of bargaining (Rubinstein 82) predict that patience

leads to stronger bargaining power. In such alternating offers models, impatient

agents are more averse to delays in reaching agreement over the sharing of the

‘pie’ and are thus more willing to accept offers that give them a smaller share.
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On the one hand, lack of agreement would lead to lack of investment (tragedy

of the commons), which patient agents would be more averse to. Put differently,

all else being equal, patient agents would value the net returns from the collective

investment to a greater degree. This should reduce their bargaining power and

increase their share in the costs. Most cooperative bargaining theories (most

notably, the Nash theory) would make this prediction, because they share the

‘disagreement monotonicity property’, which basically says that more painful

disagreement outcomes reduce bargaining power.

I investigate the interplay of the two opposing effects in a simple alternating

offers model close to Rubinstein’s. The results show that bargaining power shifts

from the patient to the impatient agent as the time needed for the investment

to bear fruit increases. When this ‘waiting time’ is small, the patient agent

bears a smaller share of the costs, but as the waiting time increases, this share

increases and eventually approaches 100 percent.

One class of problems to which this discussion can be relevant are intra-

household decisions, for example on investments in children’s human capital.

The evidence suggests that such investments are more attractive to women than

they are to men, which can be interpreted in terms of their discount rates.

Another set of examples is provided by environmental issues, with climate

change being the most notable one. A large part of the debate on the proper

response to climate change revolves around the (social) discount rate used in

the analysis (Stern, Nordhaus, Dasgupta). Weitzmann, who surveyed a large

group of economists about the proper discount rate to be chosen, found a large

degree of variance. Also, among the main emitters of greenhouse gases, the

large differences in growth rates can translate to large differences the discount

rates on consumption to be used in the cost benefit analysis.
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2 Model

2.1 Basic setup

Two agents who are trying to coordinate a joint investment. The investments

will bear (non-excludable, and thus non-tradable) returns Ri but the costs (nor-

mazlied to 1) of the investments have to be shared. It is assumed that the

investment is made as soon as the agreement is reached. The sharing of the

costs is negotiated through a bargaining process of alternating offers, following

Rubinstein ’82 [2]. If the agents have discount factors δi, the payoffs of reaching

an agreement at time t are:

πi = (Ri − (1− ci))δti (1)

where ci is defined to be the share of the cost borne by the other agent (in

order to make them increasing), so that c1 + c2 = 1. I Assume that Ri > 1,

so the investment is attractive to both agents even if they have to pay the full

cost.

The above payoff functions satisfy the conditions laid out in Rubinstein and

Osbourne [] that guarantee the existence of a unique SPE. The SPE can easily

be found applying the recursive argument in Shaked []. Let Mi be the SPE

partition of the costs, and suppose agent 1 is the one to make the first offer (in

the first round). Since agent 1 can secure a payoff R1 −M2 (recall that M2 is

the cost for agent 1) in the third round, she will accept, in the second round,

any partition ui that agent 1 offers for which R1 − u2 = (R1 −M2)δ1. This

means that agent 2 can secure the payoffs R2 − u1 in the second round. In the

first round, she will therefore reject any offer vi for which R2−v1 ≤ (R2−u1)δ2.

Agent 1 will therefore have to offer the partition for which this equality holds,

and this must be the SPE partition. In other words, we must have
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R2 − (M1) = (R2 − (1−R1 + (R1 −M2)δ1))δ2 (2)

so that the SPE payoffs are

M1 =
R2(1− δ2)− (R1 − 1)(1− δ1)δ2

1− δ1δ2
(3)

M2 =
R1(1− δ1)δ2 − (R2 − 1)(1− δ2)

1− δ1δ2
(4)

It is customary to take the limit of small time steps in order to remove the

advantage that results from making the first offer. In this approximation, taking

to first order

δi = 1− ρi (5)

and keeping Ri fixed,

we get

M1 =
R2ρ2 − (R1 − 1)ρ1

ρ1 + ρ2
(6)

M2 =
R1ρ1 − (R2 − 1)ρ2

ρ1 + ρ2
(7)

or

M1 =
ρ1 +R2ρ2 −R1ρ1

ρ1 + ρ2
(8)

M2 =
ρ2 +R1ρ1 −R2ρ2

ρ1 + ρ2
(9)
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When the payoffs are identical, R1 = R2, the patient agent does better. If

agent 1 is more impatient, so that ρ1 > ρ2, then since R > 1 (the investment is

profitable), we find

M2 > ρ1 > ρ2 > M1 (10)

This just reflects the usual intuition that the impatient agents is more eager

to reach an agreement fast, so she has weaker bargaining power.

2.2 Fixed time delay

Suppose now that the agents are bargaining on how to share the costs of an

investment that provides identical, but delayed returns. i.e. that returns from

the investment are identical, but occur a time T after the investment is made:

Ri = RδTi (11)

Impatience now can work in two ways. On the one hand, impatience weak-

ens bargaining power because the impatient agents is more eager to reach the

agreement, but on the other hand, the patient agent now values the investment

more, because of its inter-temporal nature, which strengthens the bargaining

power of the impatient.

Plugging the above payoffs into the expressions above, and taking the small

time step limit, let the length of the time step be ∆, so that, to first order,

δi = 1− ρi∆ (12)

Ri = R(1− ρi∆)T/∆ ≈ Re−ρiT (13)
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and

M1 =
ρ1 +R(ρ2e

−ρ2T − ρ1e
−ρ1T )

ρ1 + ρ2
(14)

M2 =
ρ2 +R(ρ1e

−ρ1T − ρ2e
−ρ2T )

ρ1 + ρ2
(15)

recall that M1 is the cost to agent 2.

When T=0, we retrieve the previous result, which gives higher bargaining

power to the impatient agent. As T grows, however, the bargaining power shifts.

Taking the limit of T →∞ while keeping the present discounted value of agent

1 fixed Re−ρ1T = c > 1, we find

M1 =
ρ1(1− c) + ρ2ce

(ρ1−ρ2)T

ρ1 + ρ2
→ 1 (16)

so that impatience eventually gets a stronger bargaining hand.

2.3 Climate Change Models

2.3.1 Fixed time delay with long lasting Returns

In several important examples, the returns of the investments may persist over a

time scale that is larger than the time scale over which the investment is carried

out. For example, in climate change, damages may be averted that would have

remained for hundreds of years. Parents who invest in their children’s schooling

for even a few years might reap the rewards for most of their life time. In this

subsection, I will use the language of climate change.

Suppose that in the absence of any emission abatement, business as usual

emissions would lead to a temperature increase which would incur damages

DBAU (t). Suppose also that a decision to abate at time t leads to complete
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cessation of all emissions forever. This is a crude way of modeling a complete

transition to carbon free sources of energy. Suppose also that there is a fixed time

delay T between cessation of emissions until the temperature stabilizes. This

time delay captures the asdjustment period of the Earth system to a change in

radiative forcing, and can be on the order of 50 years or more.

For simplicity, I will assume that business as usual emissions are constant,

add up linearly in the atmosphere, and that damages are linear in the stock,

i.e. DBAU (t) = Dt. With these assumptions business as usual utility and the

utility resulting from reaching complete abatement at time t and taking a share

ci of the cost, can be written as

UBAUi = −
∫ ∞

0

e−ρitDBAU (t)dt (17)

Ui(t)− UBAUi = −e−ρitci +

∫ ∞
t+T

e−−ρiτ (DBAU (τ)−DBAU (t+ T ))dt(18)

= −e−ρitci + e−ρi(T+t)

∫ ∞
0

e−−ρiτDτdt (19)

= e−ρit(−ci +
e−ρiT

ρi
D) (20)

Plugging these expressions into the previous results for the equilibrium shar-

ing of costs we find

M1 =
ρ1 +D(e−ρ2T − e−ρ1T )

ρ1 + ρ2
(21)

M2 =
ρ2 +D(e−ρ1T − e−ρ2T )

ρ1 + ρ2
(22)

In this model, the share of the cost borne by the impatient agent is higher

for all T. Even when T = 0, c2 > ρ1
ρ1+ρ2

. This is a result of the enhanced

dependence of the payoffs to investment on the discount rate that is due to the
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lasting effects on temperatures.
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