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1. Introduction

Growing awareness and increasing concern about the accumulation of greenhouse gases
(GHGs) has led to the United Nations Framework Convention on Climate Change which aims at
achieving a global accord on the mitigation of global climate change. As in the case of the
Montreal Protocol for the elimination of CFC’s, an important issue associated with such an accord
is the allocation of resources globally to achieve this mitigation in the most efficient and equitable
manner.

This paper identifies and addresses several issues related to global cooperation for reducing
greenhouse gas (GHG) emissions. This is an area of significant policy interest because of the
potential magnitude of investments associated with achieving significant reductions in GHGs and
because of the growing concern by policymakers and the public about the risks of climate change.
We address the following issues:

1: The nature of the GHG problem and the associated mitigation effort and the benefits of
global cooperation in addressing this problem.

2. The role of equity considerations in achieving global cooperation.

3 The appropriate structuring of international resource transfers to achieve GHG mitigation
in an efficient and equitable manner.

We develop an economic framework to evaluate alternative institutional mechanisms for
global GHG abatement. This framework is built around a group of countries or country groups with
heterogeneous preferences and incomes. We first investigate outcomes when countries carry on
with "business-as-usual”, (non-cooperatively) maximizing their individual welfare, allocating
resources for consumption and GHG-reducing investment accordingly. We compare this
noncooperative outcome with the outcome achieved when countries cooperate (in various ways)
in global efforts to mitigate global climate change. Our focus is on analyzing the opportunities for
efficiency gains through international resource transfers used to leverage the funding of GHG
mitigation projects, especially in developing countries where projects could not be undertaken
without such support. Unsurprisingly, these cross-border investments can be preferable to home-
country investments. In particular, the OECD countries might find it in their interest to make
significant investments in GHG abatement projects in developing countries through the Global
Environmental Facility (GEF) rather than investing primarily in such projects in their own
countries.

A key point to the analysis and institutional design presented in this paper is the
interdependency between equity and efficiency. Rather than seeing a tradeoff in institutional
design between equity and efficiency, as is sometimes argued in the economics literature, we argue
that, in the present context, these two welfare criteria are mutually reinforcing. The focus of GEF
transfers is clearly to promote efficiency through targeted project funding. But the process of
identifying, implementing and monitoring optimal project funding opportunities requires
cooperation from the signatories to the Climate Change Convention. Obtaining this cooperation,
together with a commitment to GHG mitigation targets and funding procedures, will require a sense
of perceived fairness or equity in the burdens and benefits associated with these targets and



procedures. Absent this sense of equity, only a range of noncooperative outcomes become possible
for the global coalition. To the extent that such noncooperative outcomes entail efficiency losses,
maintaining a sense of perceived equity is efficiency enhancing. We argue that both equity and
efficiency objectives can be achieved through decentralized, monitored implementation of country
targets, with fair burden sharing in achieving these targets assured through realistic transfers of
capital and technology from the developed to the developing world.

2. Modelling Equity and Efficiency

The problem of reducing GHG emissions is greatly complicated by several of its attributes:

. uncertainty in impacts

. asymmetry in the projected impacts

. unequal allocation of initial conditions in use of the global atmosphere as a commons
resource

. unequal ability to shoulder the burden of emissions reductions

. changes from the status quo (free access) are viewed as losses

While all nations have a stake in the use of the commons resource, the rights of national
sovereignty imply that no international body can exist with monitoring or enforcement powers.
Therefore participation in any agreement is voluntary and subject to renegotiation.

The problem here is to design incentives which will be effective in reaching efficient levels
of global GHG concentrations resulting from country-specific emissions and sinks. These
incentives may be expected to include both investment incentives, for GHG mitigation measures
undertaken by individual countries, as well as compensation to certain countries to promote their
cooperation in this effort. As we will show below, it is critical for efficiency that both investments
and compensation be determined cooperatively. And here is where concepts of equity may be
central, in that perceived equity has long been noted as an essential ingredient for cooperation (e.g.,
Barrett (1992, p. 50), Kleindorfer et al. (1993, chapter 7)). In the next section, we formulate this
stylized problem and characterize various solutions to it, including the cooperative first-best
solution, a noncooperative solution, and various equity-constrained second-best solutions. The
objective of this formal analysis is to capture concisely the interactions between the nature of the
global negotiation process, its expected outcomes and the incentives which countries face for
cooperating with a global initiative to reduce GHGs.

In the spirit of the economic design literature, we investigate alternative institutional
approaches to reducing GHGs as follows:



1. We first establish the benchmark scenario of business-as-usual (BAU), in which
countries non-cooperatively allocate their income to consumption and GHG-reducing investment
to maximize their individual welfare, without regard to any global consequences.

2. We next determine appropriate cooperative actions (including investments and transfer
payments) at the global level, aimed at improving the welfare of all countries through cooperation.

3. We then examine efficient institutional designs to implement these actions, subject to
constraints on information availability, individual rationality (sovereignty in this context),
transactions costs, equitable burden sharing etc. These constraints lead to the joint desiderata of
cooperative planning and decentralized implementation.

We begin by developing in this section a two-stage model of global interactions associated
with reducing GHG emissions. Each country faces a number of tradeoffs in confronting the issues
of global climate change. The essential features of the model are as follows. First, we reflect the
consequences of global GHG emissions and the uncertainty of global climate change on each
country. These effects may be quite different from one country to the next. Second, we reflect
the cost of investments in technologies or activities directed toward reducing GHG emissions by
the country. Resources used for this purpose could clearly be devoted to other productive purposes
in the country and the economic consequences of diverting their use to reducing GHG emissions
is reflected in the model as a reduction in current consumption.

The buildup of GHGs in the atmosphere is a dynamic process and should be so modelled.
We take the simplest dynamic model, a two-stage model, preceded by a pre-planning bargaining
stage. At stage 0 we assume the global community decides on the framework it will use for
coordinating its efforts to reduce GHGs. At stage 1, each country makes investments to either
reduce GHG emissions or to set up the possibility of mitigating the effects of these in stage 2.
Further investments and mitigation measures are undertaken in stage 2 after uncertainty about the
extent and consequences of GHGs on global climate change is resolved. Forward and options
contracts may be signed between various countries at stage 0 and the results of these contracts are
realized in stage 2. Thus, the model has the structure shown in Figure 1 below.

We use the following notation:

B = country index, where the set of all countries is denoted @
x(0)y = investment by country 0 to reduce GHGs at stage |

X = {x(0) | © ¢ @}, the vector of all country investments
yiB) = consumption by country 8 at stage 1

b = {v(8) | B & ©}, the vector of all country consumptions
(5D = income for country 9 in stage 1



Stage 0: International Agreement
Global Community Decides on Institutional Design and Agreements Concerning
Monitoring, Cost-Sharing, Equity and Burden-Sharing, Targets for Individual Countries, Etc.

Stage 1: Proactive Investments
Countries Undertake Investments to Reduce GHG Emissions
or to Prepare for Reducing GHG Emissions in Stage 2.
Countries May Cost-Share in Global GHG Reduction-Investments.
Countries Also Generate GHGs at Stage 1.

Stage 2: Uncertainty Resolution
The Impact of GHGs on Global Warming on the Flanet is Revealed.
The Impact of Global Warming on Individual Countries is Revealed.
Forward and Options Contracts Implied by Agreements Signed in Stages 0 and 1 are
Realized.

Figure 1: Model Structure

= uncertain state of the world, realized at stage 2, where we assume that @ & R’

Il

F(w) probability distribution on the states of the world
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5(8)

monetary transfer payment to country @ at stage |

= {s(8) | B & ©}, the vector of all ex ante transfers

Let g(x(6),y(0);8) (which may be thought of as the "GHG impact function” for country ©)
denote the total GHGs (measured in units of global climate change potential) generated by country

8 in stage 1, and let the total GHGs generated in all countries be denoted by G(X.Y) so that
GX.Y) = ) g(x(6),»(8):6). (1)

Be @

We assume throughout that, for each 8, g(x. y, 8) is increasing in consumption and decreasing in
mitigation investments, i.e., g, <0, g, > 0. We also assume that g(+,8) is jointly convex in (x, ¥),
so that investments in x have a declining marginal impact on (reducing) G and consumption has
an increasing marginal impact on G.

We assume the following aggregate welfare function, denoted U(8), for country 6:




UX.Y,0:0) = NGX,1),1(0).0:0), 8@ (2)

so that U depends on X only through aggregate GHG emissions G. We will assume that V is
decreasing in G,” increasing in y and jointly concave in G and y. Given these assumed properties
of G and V, it is straightforward to show that, for each @ and 0, V is concave in (X, Y), from
which it follows that, for each 6 € @, the expected value of V over @ is concave in (X, Y).?

We will also be interested in characterizing the Pareto-efficient outcomes to the collective

consumption-investment problem associated with the above country welfare functions U(B). The
set of Pareto (or first-best) outcomes is important both as an efficiency benchmark as well as in

understanding various "cooperative" solutions, described more fully below, to the global problem
of GHG mitigation.

For this purpose, we will define a (weighted utilitarian) global welfare function W as

*  Itis clear that certain countries could be strictly better off under some global warming (i.e.,

V could be increasing in G for some 8), but we do not treat this case for analytical simplicity
here.

3

To see that V is concave in (X, Y) for every o and 6, let (X*,Y*) and (X",Y") be arbitrary

feasible investment and consumption vectors, and for a & [0,1], let (X, Y) be the arbitrary
convex combination

X7 = aX,Y) + (1 -a)(X", F".
Since G is convex, we have
GX,Y) £ aGX",Y) + (1 -a)G(X", Y
Thus, since V is decreasing in G, we have
MG(X.1),0(0).0:0) = HaG(X",Y") + (1-a)GX", ¥),ay'(8) + (1-c)y”(6), @ 0)
so that, since V is concave in (G, y), we have finally the desired result:
NGX.1).9(0).0:0) 2 aV(GX. Y)Yy (0),0:6) + (1-a)/(GX”",Y"),y"(6),0:6)

3



WX, Y) = EW{E N0 UK, Y0 ;e}} @)
fe @

where 1(8) satisfy:
ne)z0; 3 nO) = 1. L))

de @

Since, as noted, the expected utility functions E{V(=;0)} are concave, the Pareto set of allocations
from any convex feasible set are given by the argmax W, as the weights {n(8) | 8 & @} vary over
the feasible set defined by (4).*

U may be thought of as the net economic benefits realized from the country’s activities in

stages 1 and 2. We assume that investments %(8) in GHG reduction and consumption y(8) are
related by the following budget constraint:

1) = x(0) + »(8) - s(6) ()

Thus, investments in GHG reduction will necessarily reduce consumption y(8) unless offset by
transfers s(8) > 0 to 8 from other countries.® For feasibility, we require the following restrictions
on transfers among countries:

3 5(6) = 0. ©6)

Bes @

2.1 The Benchmark Noncooperative Solution

As noted above, we develop here the benchmark (BAU) noncooperative solution based on
uncoordinated actions by individual countries. To characterize this noncooperative solution, we use
the Nash equilibrium concept for the associated game in which each country attempts to maximize
(2) subject to (5), with s(8) = 0. The problem in this case for country 8 will be:

4

Alternatively, we could follow the equivalent approach to defining the Pareto set by setting

individual country reservation expected utility levels for all but one country and maximizing
the remaining country’s expected utility over feasible allocation vectors (X, Y) and
compensation vectors S (if compensation is allowed). As these reservation utility levels are

varied, the Pareto set is generated.

5

Because income can always be productively invested in reducing GHGs, with strict

improvements in welfare resulting therefrom, it is clear that the budget constraint (5) will hold

as an equality at optimum.



Maximize E, {V(G(X,1),1(8),0 :0)} (7)
(8. ME)

subject to:

16) = x(0) + ¥(©) (8)

Substituting (8) into (7), country 8 is assumed to solve the following problem, taking other
country decisions as given:

Maximize E, { V(G(X,I-X),1(6)-x(8)).0 :8)} (9)
@ =0

Thus, the following first-order conditions characterize the Nash noncooperative equilibrium®:

0 22> = 0
DI( ] (1“}
cEV(e
o = E{l80 -8OV0 + V0] 5 0; Yoo

2.2 A First-Best Framework for Characterizing Cooperative Solutions

By a first-best solution, we mean a Pareto allocation (X, Y, S) for the above country
welfare functions and constraints, i.e. a solution which cannot be improved upon for all countries
simultaneously. From the above, the Pareto solutions (X, Y) are solutions to the following problem
for some feasible weighting vector {n(0) | 6 £ ©}:

Maximize E_ {Z NOV(GX, 1).(0), o ;'B)} (11)
b

XY

subject to (5)-(6), where E,, is the expectation at stage 1 with respect to the distribution F(@).Thg
the first-best solution is effected by putting all resources in the hands of a central planning
authority, which is assumed to solve (11) with no transactions costs.

Since (5) holds as an equality at the solution to (11), we may eliminate y(&) by substituting
(5) into (11). The resulting problem of interest is then:

Masximize E, {E NOWG(X.I-X+5),1(6) -x(8) +5(8), 0 ;a)} (12)

X5 -]

® A noncooperative equilibrium exists by the usual arguments.
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subject to (6). From the Lagrangian L for this problem we obtain the following first-order
conditions:

x(6) 2 - 0;
éx(0)
(13)
oL¢ ) ) |
~OR E, {[3;(9) g}.{E-)]E: no VG@] n{&)rfy(e}} <0: Y0e®

and

BLE _ + o )
po Em{g,(ﬂ); NQV,(© + nO)V m(a)} L-0: veeo  (19)

where 1 is the dual variable associated with (6). When x(6) > 0, (12) implies that the change in
global benefits associated with transferring a monetary unit from consumption to investment for

GHG reduction in country © must just equal the marginal cost E,{n(8)V,(8)} in lost consumption.

Assuming for the moment that x(6) > 0, we can compare (10) obtained earlier for the non-
cooperative case with (13) above. We see that (10) implies a similar benefit-cost equality to that

discussed above for (13). In the noncooperative case, however, countryvd equates the marginal loss
in consumption benefits to the benefits for itself of transferring a monetary unit in that country

from consumption to investment. By contrast, for Pareto efficiency, marginal consumption losses
are equated fo global benefits of increased investment in mitigating GHGs. Comparing the
noncooperative solution with the first-best solution, we obtain the following result on the benefits
of cooperation, which is proved in the Appendix.

Proposition 1: Let superscripts C, respectively NC, denote the solutions to the cooperative, first-
best problem (12) (subject to (6)) and the noncooperative problem (9).

i The noncooperative solution is Pareto inefficient in the sense that there are

weighting vectors {n(0) | 8 € ®} such that the corresponding cooperative solutions
(X(n), Y(n)) leave every country better off than under the noncooperative solution.

ii. The level of aggregate GHG emissions G(X,Y®) achieved under any cooperative
solution is efficient in the sense that it is the minimum aggregate emission level
achievable from total mitigation investments £ x%(8). That is, for the cooperative
solution:

g @ fed

GXE Y = Minfmum{G{X, YO |y x@®=<y x C(@)}



