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Final Report 2001
Executive Summary

1. Objectives and research strategy

Conceived of in the early months of 1996 and created at the end of that year, the
network has been devoted to the interdisciplinary study of decision making in matters
relating to climate change.

The overall overall objective was to integrate what can be obtained from economic
theory (CORE), climate sciences (ASTR), econometric simulation (CES),
administrative and diplomatic experience (FPB) in the area, using simulation models
as main research tool and common language.

The strategy was to structure the work into four parts, corresponding to four
implemented projects:

Project CLIMNEG 1 : On the basis of existing economic-climatic models, the first
purpose was to develop their economic components by searching for a
characterization of the policies (scenarios) of greenhouse gases abatement in a multi-
region world model, in terms of three alternative criteria (optimality, equity,
strategic stability), by analyzing the ways to share the burden of those policies, and
by examining the possibility of activities to be implemented jointly by different
groups of countries.

Project CLIMNEG Il had as purpose to look for enrichments of the climatic
components of the basic models by integrating transfer functions that reflect the most
recent state of the art, and thereby evaluating the effects on the global climate of the
different scenarios studied in the economic component.

Project CLIMNEG 11l had as purpose to include, in an econometric component
added to the basic models, the effects of these policies on economic equilibria at the
world, European and Belgian levels.
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Project CLIMNEG IV was to confront research activities with practice, by studying
two fundamental aspects of the institutional implementation of policies, namely the
international implementation of the instruments, and the coordination mechanisms
between the decisions made by the concerned countries.

Using the methods of each of these disciplines involved in the network (physics,
economics, econometrics), the purpose was to define, characterise and calculate
policies of greenhouse gases abatement at the world, European and Belgian levels.
The role of the simulation results was to serve as a reference for those who are in
charge of participating, for our country, to the international negotiations.

2. Results

Although the results are presented below under four headings that approximately
correspond to the four projects outlined above, it must be stressed that the
interactions between the researchers has been so strong that all results must be
considered common to the entire research group. A companion research project
called CLIMBEL, started in 1998, on which it is reported separately, produced
further joint results. Those of both CLIMNEG and CLIMBEL are collected together in
the series CLIMNEG-CLIMBEL Working Papers whose titles are listed at the end of
this report. It is referred to them by the acronym CWP followed by the number in the
series.

Space constraints for this executive summary compels one to make a selection
among the contributions made, a selection guided more by the necessity of
homogeneity than by the intrinsic importance of some of the papers. The summary is
therefore quite incomplete. A fuller appreciation of the contributions can be
obtained by reading the final report or, better, the papers themselves.

I. At the economic theoretical level, the project has yielded the main following
insights:

= Extending to stock externalities — an extension required by the nature of the
climatic change problem — results that were available in the literature on the
strategic stability of cooperative agreements in transfrontier (flow) pollution problems.
The essence of the result obtained here (CWP n° 1, 2, 6) consists of an explicit

formula to compute international resource transfers that induce the strategic
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stability property. The fact that this extension was successful opened the way to
the numerical simulations reported on under Il and 111 below.

Combining equity considerations with efficiency and strategic acceptability
conditions in the design of abatement scenarios. The tool is again the one of
international resource transfers, inspired by those reported on above, but
corrected for equity purposes, and derived from alternative initial allocations of
tradable emission permits. (CWP n° 39)

An economic and game theoretic interpretation of the Kyoto Protocol (CWP n° 12).
Based upon explicit modeling derived from the economic theory of competitive
markets as well as from the theory of cooperative games the three following
conclusions are established:

(i) the quotas adopted in the Kyoto protocol are a step in the right direction, as
far as overall international economic and environmental optimality is
concerned;

(i) trading mechanisms for emission permits allow for an efficient and
strategically stable allocation across countries of the overall abatement effort
just mentioned;

(iii) as far as future commitment periods are concerned, the "Kyoto scheme" of
guotas — properly assigned — together with tradable permits constitutes an
appropriate instrument for eventually reaching an international optimum,
characterised by strategic stability.

I1. At the climate modeling level, the project's main results are as follows:

An improved climate module has been developed, from a starting model by
Kverndokk, and validated on the basis of other two-dimensional models (CWP
n°21).

Extension of this improved model, whereby emission trajectories are translated
into regional temperature changes, aimed at being fed back into the economic
model through climate change damage functions.

Introduction of sulphate aerosols: sulphate aerosols represent one of the main
reasons for which regionalisation of impacts is important in economic studies. A
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simplified way to represent the regional effect of aerosols was needed, however.
A first attempt was made using results from the ASTR-UCL two-dimensional
model, which includes the effect of aerosols (CWP n°7). Additional geographical
information came from existing three-dimensional simulations made with
coupled atmosphere-ocean general circulation models forced with both
greenhouse gases and aerosols.

These improvements to the climate module (regionalisation and treatment of
sulphate aerosols) allow the coupled climate-economy models mentioned in | above
and 111 below to be one step ahead of the models existing in the literature. The first
simulations using this improved climate module are described in CWP n°32 and in
CWP n°44.

I1l. As far as economic modeling and econometric simulations are concerned, the
project's main results are the following:

= at the world level:

- A six regions integrated assessment model called "Climneg World Simulation™ (CWS)
has been constructed, derived from the Nordhaus and Yang model published in
1996. For this CWS model, the stability inducing transfers identified in | above
have been computed and efficient stable cooperative emission trajectories
determined. These appear to be quite more demanding than Nash equilibrium
ones, although the economic gain they induce is only moderate. This sheds some
light on the issue of the relative importance of national vs. global policies.
Another remarkable finding from these simulations is that while world
consumption is steadily increasing in the long run under the efficient (and stable)
emissions scenarios, world consumption is not sustainable under Nash as well as
business as usual scenarios in the sense that it is bound to decrease from the
middle of the next century on (CWP n° 18 and 19).

- An extension of the CWS model has been subsequently formulated (CWP n° 32)
to account for sulphate aerosols, which dampen the effects of CO2 concentrations on
temperature. While this appears to be indeed the case in the early periods, later
periods (beyond 2100) exhibit an overwhelming domination of the CO2 effects,
rendering irrational sulphur emissions reduction.
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- Finally, the stability of alternative forms of international cooperation has been tested
using the CWS model in CWP n° 40, based on the theory of endogenous
formation of coalitions. The analysis concludes with a strong stability of the
"Kyoto coalition”, in spite of credible possible deviations on the part of the
countries that formerly belonged to the Soviet Union

e at the European level:

- the EU "bubble" Burden sharing agreement on the distribution of the Kyoto
emission reduction target over the EU member states was investigated using an
"inverse opptimum" approach and marginal abatement cost curves. The
simulations reveal that the EU bubble improves in terms of cost efficiency upon a
uniform reduction assignment, but that substantial differences in marginal costs
persist. (CWP n°33).

- using the (pre-existing) GEM-E3 medium term general equilibrium model,
marginal abatement cost functions have been estimated for the European
countries as well as for 6 to 8 other regions of the world. This was done in order
to compare the global costs of emissions reduction under alternative settings, an
efficient one and a uniform one across countries. For the EU countries, the
difference shows as follows: for a same tax of $100/ton of CO2, efficient
allocation of the effort reaches 31% whereas uniformity of effort (that is, if no
account is taken of cost differences between countries) allows only for 17%.

= at the Belgian level

- using the (pre-existing) MARKAL partial equilibrium model of the energy
system in Belgium, marginal abatement costs of greenhouse gases emissions
abatement in 2010 for the country have been estimated. A figure of about BEF
2000/ton is obtained for reductions corresponding to Belgium's commitment
under the Kyoto Protocol (CWP n° 41).

- Macroeconomic impacts for Belgium of alternative domestic policies to meet the
Kyoto targets are also reported on in CWP n° 41.
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IV. At the interface between research and policy design, an essential part of the

CLIMNEG project (one fourth of the resources were devoted to it) was the inclusion
in the researchers' team of members of the federal administration of the Belgian
government, who are involved in the preparation, the attendance and the follow up
of the international climate negotiations.

The specific tasks assigned to these persons and their activities in the network
resulted in four categories of contributions:

The preparation of pedagogical documents destined to political decision makers
and high administration officials not directly involved as well as to the public at
large, on various aspects of climate change issues, namely: the history and
evaluation of international collaboration on climate change over the last ten years
(CWP n°28); the theory and evaluation of tradable emission permits (CWP n°29);
the fiscal instruments of climate policies (CWP n°30); the regulatory instruments
of climate policies (CWP n°31); the communication instruments in national and
international climate policies (CWP n°38); the voluntary agreements on emission
abatement (types, characteristics, implementation, examples) (CWP n°37). All six
documents have been re-issued in French as CWP n°47.

Through the CLIMNEG coordination meetings, continuous exchanges of
information and ideas between academics and practitioners, which led the former
to be regularly briefed by the latter on the most recent developments (.g. after
the Kyoto, Berlin, Buenos Ayres, The Hague Conferences of the Parties and other
meetings in Bonn). Reciprocally, practitioners have been offered ample exposure
to conceptual and methodological results as they were developing, both in
climate science and in economics (e.g. on alternative climatic models, on tradable
permits, on cooperation issues, on simulation techniques, etc.)

Increased motivation for academic members of the network to take part, when
invited to, in several of the key events that occurred over the years in climatic
change affairs, both internationally and in Belgian circles.

Finally, diffusion of knowledge for the public at large, through public seminars,
lectures, publishing of vulgarisation articles, and interviews given to the printed
and audio-visual press.
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3. Assessment

With the financial means set at the disposal of the research team, not only pre-
existing research on climate affairs was allowed to be pursued in Belgium, but new
research has been developed.

Interdisciplinarity is probably the most prominent characteristic of this new stage; it
may also be considered as the most important as it was non existant beforehand.
Obvious results of that are the greater attention attached by scientists in Belgium to
the socio-economic implications of climate change policies, as well as the greater
concern by Belgian social and economic scientists for the climate change problem.

A further result, specific to the CLIMNEG project, is that a team of increasingly
competent persons has been formed, many of which are outside of CLIMNEG today
but exert usefully their competence in a variety of institutions. Building this kind of
capacity is probably a major and long lasting benefit of the project, for the
community at large.

Last but not least, the scientific contributions themselves should have lasting effects.
Those, to be judged by the publication record, cannot be seriously ascertained at this
stage, given the long delays prevailing.
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