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.. For the past seven years, members of an IlASA project 
on the Processes of International Negotiation have 
studied a number of substantive and methodological 
dimensions of negotiations, completing many arficles and 
books on a range of negotiation-related topics. IlASA 
also served as an important node of an international 
network of negotiation researchers and practitioners. We 
are grateful to those who contributed to this important 
work. 

This year we intend to shift our emphasis from negotiation as a whole 
to issues related specifically to the implementation and effectiveness of 
intemational environmental accords. As reported in the following pages, 
more and more such accords are being signed and, presumably, implement- 
ed. We need to understand as much as we can about why such accords 
succeed or fail. 

In September an international network of scholars centered at IlASA will 
begin a new project entiited lmplamentation and Effectiveness of lnterna- 
fional Environmental Commitments. This project was selected on the basis 
of careful peer review from over a dozen excellent proposals NASA received 
in response to a call for proposals included in the December 1992 Issue of 
Options. 

Included with this issue is another call for proposals, this time regarding 
land use and global change. We look forward to the responses. 

In addition to describing the findings of a global energy study and a 
recent workshop on risk and fairness, this issue also Includes an article by 
Drs. Glaziev and Schneider on research and development in Russia. Like 
all of Russian society, Russia's 5,000 R&D inst~tutes have been deeply 
affected by fundamental reforms. The future of these organizations - or, 
more correctly, the future of the 1.6 million trained sc~entists and engineers 
who work in them - is of exceptional importance, not only for Russia, but 
for the entire world. 

The article is based on a set of studies and papers prepared for three 
workshops concerning the management of R&D during economic transition. 
These workshops are a product of an ongoing collaboration with Russian 
and Western experts designed to explore vital questions raised by the 
transition to the market. We at IlASA are proud that the participants in these 
seminars have included many of the officials in charge of these difficult 
reforms. 

'_$ 
Peter E. de Jdnosi 

Director 
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Processes of lnternational Negotiation 

WE ARE LIVING IN AN AGE OF NEGOTIATION FI THE END OF THE COLD WAR TRANSFORMED INTERNATIONAL 

relations from one of confrontation to one of potential cooperation . Issues that had remained in the wings 

have been brought to the front of the international stage Conflicts in the areas of environment, trade, 

economic assistance, technology transfer, and European restucturing have progressed to the international 

negotiation table, where, even if breakthrough solutions are not yet obvious, debate and the airing of 

national interests have brought a greater understanding of the issues and alternatives m The end of the 

Cold War has also revealed conflicts that appear to be intractable a Historically, conflicts over ethnicity 

and religion, identity, and nationalism have been the most difficult to resolve peacefully @ But even in 

these cases, international mediation has often helped to start a dialogue between warring parties a Within 

this dramatic and highly changeable climate, IIASA's Processes of lnternational Negotiation project in 

1990 began a series of initiatives to push forward the theory of negotiation and to actively support 

practitioners r Work ranged from conceptual and theoretical studies, such as experiments on the use of 

creativity techniques to break impasses in environmental disputes, to highly applied efforts, such as a 

workshop to train negotiators from Eastern and Central Europe Q Some efforts fulfilled both scholarly and 

applied objectives: a study of the UN Conference on Environment and Development was intended as both 

research on prenegotiation and practical assistance for the conference secretariat and for follow-up 

negotiations s Other projects included studies of patterns in international environmental negotiations, 

analyses of negotiations to build regimes related to sustainable development issues, and evaluations of 

analytical support systems for international negotiations if Several international study groups comprising 

practitioners and researchers were formed to examine multilateral negotiation processes, the impacts of 

cross-cultural and power asymmetry on negotiation, and problem-solving techniques to promote win-win 

solutions ir Throughout these activities, our goal has been to improve understanding of the processes by 

which mutually beneficial international agreements are reached and implemented through negotiation and, 

where we can, to help policy makers and diplomats to enhance the effectiveness of those processes le 

The following anicles are by Befiram Spector, who led the Processes of International Negotiation project during its last three years. 
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Improving Environmental C 

T he 1992 UN Conference on 
Environment and Development 

confirmed two things: first, that a 
wide range of environmental prob- 
lems is on the international agenda; 
second, that finding solutions to this 
new class of problems is not easy. 

In 1990 a group of 19 scholars 
and diplomats set out to review 
major global and regional environ- 
mental negotiations of the past two 
decades. Their goal was to draw 
lessons that would be useful in 
future negotiations. The result, 
International Environmental Negoti- 
ation (edited by Gunnar Sjostedt, 
Sage Publications, 1993), offers 
eight case studies and analyses of 
negotiations on climate change, 
ozone depletion, desertification, 
acid rain, ocean and river pollution, 
hazardous waste, and biological 
diversity. This article reviews the 
book's findings, namely, some of 
thecharacteristics typical of interna- 
tional environmental negotiations 
and lessons for future practice. 

More than most international 
negotiations, environmental talks 

exhibit asymmetry. Northern coun- 
tries usually have the resources to 
gather and analyze scientific and 
technical data, thus giving them a 
definite advantage. Asymmetry in 
information resources contributed to 
the passive participation of 
Southern countries at the Vienna 
talks on nuclear accidents. Such 
asymmetry yields dependencies for 
information that can easily foster 
suspicion, as in the negotiations on 
transboundary shipment of hazard- 
ous waste. Developing countries 
were highly dependent on industri- 
alized nations for information during 
the negotiations and were con- 
cerned that the convention would 
not go far enough. African states 
adopted a joint declaration high- 
lighting issues of critical interest 
which they feared would not be 
treated appropriately. In the end, no 
African country signed the Basel 
Convention on the spot. 

The South's limited resources 
and assets can easily lead it to 
adopt blocking strategies: some- 
times the only card held by the 

egotiations 

weak is to deprive the strong of 
what they want. At the London 
meetings on ozone depletion, for 
example, several large developing 
countries threatened to withhold 
their support for further restrictions 
on emissions if significant financial 
incentives were not forthcoming. 

How can the negative effects of 
asymmetry be minimized? Strate- 
gies that focus on the creative 
distribution of information - com- 
mon decision support systems 
might be useful - or restructuring 
possible trade-offs might facilitate 
the process. 

North-South: Demands 
and Responsibilities 

Developing countries are particular- 
ly sensitive about being forced to 
undertake environmental protection 
measures that could interfere with 
their economic growth. They main- 
tain that the industrialized countries 
have grown wealthy while polluting, 
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albeit inadvertently, the global com- 
mons with greenhouse gases and 
toxic wastes; therefore it is the 
North's responsibility to restore the 
balance of nature. 

They further argue that the 
South's priority is to reduce poverty 
and raise standards of living: if this 
means burning coal or cutting down 
tropical forests, with uncertain but 
probably adverse implications for 
the future, so be it. The only alter- 
native, they say, is for the North to 
help the South to adopt state-of- 
the-art, clean technologies. 

In the North, there is a concern 
that aid donors not commit them- 
selves to open-ended obligations 
for financial assistance or technolo- 
gy transfer. in the South, there is 
mistrust of the motivations of the 
North, a pervasive anxiety about 
being relegated indefinitely to a 
condition of underdevelopment, and 
a jealous guarding of recently ac- 
quired sovereignty over natural 
resources. Yet there is general 
agreement that the wealthier coun- 
tries must assume the lion's share 
of responsibility and that Southern 
concerns about equity are justified. 

Single issue 

Multiple issues 

Accident liability 

Pollution & security 

Consewation 

Exploit resources 

Pollution contrd 

Worker health 

Industry regulation 

0 2 4 6 8 10 I? 
Mean years to retitj treeties 

Ratiffcation of international environmental treaties. 

Issue Linkages 

Environmental issues are now firm- 
ly linked to problems of develop- 
ment, making already complex 
issues more complex. Compound- 
ing the problem are pervasive un- 
certainties in environmental science 
and the global nature of many 
problems. The design of a positive- 
sum solution has proved difficult. 

Greater complexity makes it 
likely that negotiated agreements 
will affect the interests in each 
nation of many domestic stakehold- 
ers, who in turn can delay or block 
efforts to ratify or implement the 
agreement, as indicated in the 
figure above. The linkage between 
environment and development 
demands creative approaches; 
drawing on precedent will not do. 

Creativity: Overcoming 
Stalemate 

Creative ideas that refocus or re- 
frame the problem and modify cur- 
rent objectives are needed to iden- 
tify solutions that yield positive 

sums for all sides. Referring to 
anaiogies is a common approach to 
stimulate creative thinking. In the 
preparations for talks on pollution of 
the Mediterranean Sea. the Stock- 
holm Conference secretariat found 
it useful to make anaiogies to earli- 
er expert analyses concerning the 

I health effects of atomic radiation. 
In the ozonedepletion negotia- 

tions in London the secretariat set 
up an independent legal drafting 
group to act as a nonevaluative 
brainstorming group, outside the 
formal meeting structures; again, a 
creativity technique helped push 
the talks beyond stumbling blocks 
and potential impasses. 

I Problem-Solving: Seeking 
a Successful Formula 

Attempting to solve all aspects of a 
complex problem at once can be a 
formula for delay; the perfect be- 
comes the enemy of the good. An 
important lesson from many envi- 
ronmental negotiations is that, rath- 
er than seek an ideal and compre- 
hensive treaty in one stroke, it may 
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Intergovernmental Panel on Climate 
Change, which assembled hun- 
dreds of people from within and 
outside governments for dozens of 
meetings in the two years preced- 
ing the 1991 opening of formal 
negotiations on a climate conven- 
tion. Later the panel was extended 
as an advisory body for negotiators. 

be desirable to work for a step-by- 
step consensus and incremental 
agreements that can later be 
reviewed and revised (page 8). 
Negotiations on ozone depletion 
are one example. 

A useful approach can be infor- 
ma1 fact-finding meetings prior to 
negotiations. Such meetings can 

comprise bilateral contacts among 
governments or larger workshops 
that involve not only government 
officials but also scientists, academ- 
ics, and representatives of industry 
and environmental organizations. 

One of the most highly devel- 
oped examples of a prenegotiation 
problem-solving process was the 

een accepted as an important k echanism for making decisions in 
multilateral negotiations and for 
governing international regimes. 

he alternative - formalized voting 
polarizes negotiations, causes 

arties to commit themselves to 
rm positions, and cuts off dia- 1 gue that might lead to common 

uildhg Environmental Regimes: The Case of the GEF 

arge multilateral negotiations In December, 1992, at €he first transmit accurate accounts 1 of tne 

IroU&rts to build consensus are 

are inherently complex and 
nwieldy. One valuable tool in 

naging this complexity is con- 
nsus building. 

Rule by consensus has long 

ommon, but usually ad hoc. Rath- 
than leaving this critical function 
chance, international regimes 
uld be wise, in their formative 
es, to institutionalize proced- 
that foster consensus among 

natories. This concept has been 
ognized by the administration of 
Global Environment Facility. 
The GEF, an agency jointly 

dministered by the UN Develop- 
ent and Environment programs 
nd the World Bank, was selected 
t the UN Conference on Environ- 
ent and Development (UNCED) to 
e the interim funding mechanism 

for international conventions on E 
change and biodiversity. In 

sponse to demands by develop- 
g countries, the GEF was in- 
ructed to adjust the rules by 
hich it is governed - how it 
evelops policy, how it selects pro- 

ts for funding, and how it admin- 
ters funds. 

post-UNCED meeting of fund mem- 
bers, the GEF administrator made 
proposals to reform decision- 
making. One of the stated goals 
was to avert deadlock in the Par- 
ticipants' Assembly, the GEF's 
decision-making body, by encour- 
aging consensus and avoiding 
votes. 

Below are proposals by NASA 
for consensus-building activities 
that could be carried out by the 
GEF secretariat, not as ad hoc 
activities, but as prescribed tasks. 
They are presented as examples 
of procedures that could be incor- 

positions of each party and the 
principles of fairness held by the 
various constituencies, rather than 
emphasize differences. This should 
im~rove understandina and trust. 

porated in international environ- 
mental regimes. They are dis- 
cussed more fuHy in a forthcoming 
IlASA book, Negotiating Interna- 
tional Regimes: Lessons Learned 
from UNCED (edited by B. Spector, 
G. Sjdstedt, and I.W. Zartman, 
Graham and Trotman Publishers, 
London). 

The GEF secretariat, as the 
source of background papers and 
proposals, can integrate the vari- 
ous party points of view to design 
specific proposals that account for 
different constituency positions. 
The secretariat can do this by 
polling the constituencies and 
conducting role-playing exercises. 
for example. 

The secretariat can play an im- 
portant role in early consensus 
building by actively supporting con- 
structive commun~cations among 
the parties. The goal should be to 

- 
The chairperson of the assembly 

can be empowered to form a small 
ad hoc problem-solving committee 
of three tb five members to ad- 
dress deadlocked issues, seeking 
to identify ways to overcome the 
impasse. Proposals for creative 
trade-offs or solutions would be 
reported back to the full Partici- 
pants' Assembly. 

Ad hoc problem-solving commit- 
tees can sometimes operate more 
effectively with the help of trained 
facilitators who either know the 
substance of the deadlocked issue 
or are skilled in special problem- 
solving techniques, such as cre- 
ativity methods. These facilitators 
can be s u ~ ~ l i e d  bv the GEF secre- . . 
tariat. 

The secretariat and the chair of 
the Participants' Assembly can 
encourage consensus by splitting 
contentious issues into more man- 
ageable pieces. If elements of the 
problem can be solved quickly, it 
will improve the chances of finding 
agreement on more difficult issues. 

If the differences among constitu- 
encies are extreme, active media- 
tion supported by the secretariat or 
the chair can be useful in seeking 
a convergence of interests and 
agreement. 



Conclusion 

A major goal of the study was to 
draw lessons for practitioners by 
examining past negotiations on 
environmental issues. Our results 
suggest that the following issues 
need to be addressed further by 
practitioners and researchers alike: 

Many new groups and individuals 
beyond traditional governmental 
officials are now important partici- 
pants in the negotiation process. 
Scientists. nongovernmental organi- 
zations, and regional and intergov- 
ernmental organizations are among 
the most active. Their roles and 
relationships to governmental dele- 
gations still require better definition. 

The complexity of international 
environmental negotiations is in- 
creasing. Scientists have identified 
many links between environmental 
problems that should be addressed 
simultaneously. Policy makers have 
linked environmental issues with 
other important policy concerns, 
such as development and trade. 
The implications of these linkages 
are often not well understood. 
Ways must be found to develop a 
common understanding of these 
linkages. 

Bridging the differences between 
industrialized and developing coun- 
tries will be a continuing problem, 
given their different interpretations 
of what constitutes fair and equita- 
ble solutions. 

New approaches to innovative 
problem solving need to be found 
and implemented, perhaps using 
the assistance of third parties or 
creative reasoning heuristics (see 
page 10). 

New strategies to implement ne- 
gotiated environmental agreements 
are needed to reduce national ratifi- 
cation delays and increase the 
likelihood of compliance (see next 
story). w 
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Post-Agreement Negotiations 

T he search for sustainable de- Unlike the processes of pre- 
velopment has led to sustained negotiation and negotiation, post- 

negotiation: the UN Conference on agreement negotiation has received 
Environment and Development has little attention from researchers. As 
propagated' a system of follow-up part of a pilot study of the post- 
negotiations dealing with climate agreement process, IlASA collected 
change, biodiversity, deforestation, data on 61 environmental treaties 
desertification, and other areas signed between 1972 and 1989. 
which will occupy diplomats, scien- Each treaty involved international 
tists, and nongovernmental organi- issues, offered universal member- 
zations well into the next century. ship, and was already in force. 

Environmental accords tend to Analyses reveal a systematic 
be partial and incremental. This is problem in ratifying international 
due largely to scientific unceltainty environmental treaties. Not surpris- 
concerning the problems and possi- ingly, ratification time tends to in- 
ble solutions, and the need for crease with complexity, as shown in 
continued learning about effects the figure on page six. The good 
and consequences. Partial agree- news is that, historically, ratification 
ments are also customary because periods have been getting shorter; 
of the political uncertainty in devis- but during the 1980s it still aver- 
ing fair and equitable approaches aged close to three years. 
at a global level. Of the international environ- 

Sustained negotiation or post- mental treaties analyzed, those 
agreement negotiation can be de- dealing with atmospheric degrada- 
fined as the dynamic and coopera- tion were ratified most quickly (2.5 
tive systems, procedures, and years on average) and those deal- 
structures which are instiiutional- ing with marine and riparian issues. 
ized to sustain dialogue on issues most slowly (5.2 years). 
that cannot, by their nature, be Several situational factors co- 
resolved by a single agreement. vary and appear to contribute to 

Sustained negotiations often ratification delay: strong public 
have no clear end-point. A prime concern on local environmental 
manifestation of sustained negotia- problems. low quality of life, low 
tion is the framework convention or national wealth, and low public 
protocol mechanism (examples R&D expenditures on environmen- 
include agreements covering trans- tal problems. Country size and 
boundary air pollution in Europe political system appear not to affect 
and ozone depletion globally) in the patterns. 
which a broad framework of princi- A key element is the very struc- 
ples is agreed to first, followed by ture of modern environmental treat- 
additional talks to specify details. ies: they tend to be integrated. 

Post-agreement negotiations complex packages of multiple 
present diplomats and policy mak- linked issues. While such packages 
ers with the challenge of progres- are difficult to negotiate intemation- 
sively reframing problems. adjusting ally, they are perhaps even more 
strategies and perceptions, and difficult to broker through the post- 
refining solutions. They present re- agreement ratification negotiations 
searchers with new challenges of that ensue domestically among 
analyzing systems of partial, linked local stakeholders. 
agreements and an increasingly Given the innovation introduced 
fuzzy demarcation between negoti- by UNCED-the framing and nego- 
ation and implementation. tiation of environmental issues as 
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clusters of multiple linked issue 
areas - a critical implication of our 
study is that future environmental 
negotiations may be threatened by 
ineffective and lengthy post- 
agreement negotiation processes. 
What can be done? 

Various scholars have identified 
ways of averting slowdowns in 
ratification by changing the struc- 
ture of solutions: for example, pro- 
visional treaty application, soft law 
options, and delegated law-making, 
which can bypass the ratification 
process altogether. There is anoth- 
er approach: change the process 
by which agreements are reached 
to avoid potential obstacles to post- 
agreement ratification. 

One option is to involve domes- 
ticstakeholders in negotiationsfrom 
the beginning. Major nongovern- 
mental groups representing indus- 

trial and environmental lobbies 
could be included on national dele- 
gations and share responsibility for 
the treaty. Later they could explain 
to their constituencies the rationale 
for provisions that might be hard to 
swallow. 

Dialogue within the national 
delegations would help policy mak- 
ers anticipate potential opposition 
to ratification and find ways to neu- 
tralize it, perhaps by offering small 
"carrots" to potential opponents: for 
example, a modest program of 
research on a particular problem, or 
a fund to help industries adjust to 
treaty provisions. If such programs 
are well targeted, they need not be 
expensive. Relatively small outlays 
can help defuse perceptions of 
regulatory restrictiveness. 

Another approach is to modify 
the structure of the accords them- 

selves. Clusters of simple, single- 
issue agreements may be more 
practical. Treaty provisions can be 
disentangled and formulated into 
ratifiable pieces. 

Northern countries can speed 
the process of ratification and im- 
plementation in Southern countries 
through creative use of foreign aid, 
investment, and technical coopera- 
tion. Mechanisms such as the Glob- 
al Environment Facility can bolster 
domestic resources and capacity to 
implement treaty provisions in de- 
veloping countries and economies 
in transition. 

Finally, a new learning process 
in the post-agreement negotiation 
process may be required. Interna- 
tional problems can be more ab- 
stract than local environmental 
issues and hence require redoubled 
educational efforts to generate 
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public concern. Nongovernmental 
organizations, the scientific commu- 
nity, intergovernmental organiza- 
tions, and the media can be en- 

couraged to educate the public and 
politicians about the issues, so that 
they will understand the rationale 
for linkages and trade-offs. 

A full account of these findings 
is to appear in the December 1993 
issue of the journal Global Environ- 
mental Change. W 

Simulating Envfhnmental Negotiatioris by t* a negbfiatoh 
focus off the details of the conflict, 
analogies help him or her to find 

Is it possible to engineer a nego- 
tiation to improve the chances of 
agreement? The results of two 
IlASA experiments suggest that 
certain pre-planning exercises 
could increase the likelihood of 
greater flexibillily and agreement. 

T he first experiment, designed 
by Daniel Dwckman, explored 

: how changes in a negotlating situ- 
ation might affect unilateral deci- 
sions to alter negotiating positions. 

1 The experiment was run with two 
I international samples: one consist- 
I ing of scientists, the other of diplo- 
mats from different countries. Par- 
ticipants played the role of negotia- 
tors designing an international 
body to monitor compliance with 
an ozone reduction treaty. 

Four-stage negotiating scenar- 
ios were created, each consisting 
of a particular combination of situa- 
tional variables such as the venue 
of the talks, the extent of media 
coverage, and the existence of firm 
deadlines. The combinations were 
arranged in three experimental 
conditions: one intended to pro- 
mote flexible decisions in each 
stage, another des$ned to encour- 
age inflexibility in each stage, and 
a third to produce inflexibility for 
three stages and flexibility in the 
last stage. The anticipated patterns 
of flexibility were in fact obse~ed 
in both experimental samples. 

Using a paired-comparisons 
format, participants were asked to 
judge the relative importance of 
the situational variables, within 
stages, in producing flexibility. Of 

ples, wide coverage resulted in 
inflexibility, while limited coverage 
produced flexibility. Also interesting 
were the influence of type of repre- 
sentation (primary delegate pr 
adviser), type of preparation (strat- 
egizing or studying the issues), 
and the presence of a mediator in 
the final stages of talks. 

These findings suggest ways 
in which international environmen- 
tal negotiations can be engineered 
to promote a shift from tough to 
cooperative positions. The experi- 
ment is reported in the May 1093 
Journal of Conflict ReSol~fi~n. 

n Impasse in negotiation is A often ' testament to the ab- 
sence of fresh ideas. Cceativity in 
negotiation -the search for novel 
proposals or formulas that are 
mutually acceptable, useful, and 
satisfying -can stimulate flexibility 
and transform impasses into solu- 
tions. The problem is how to in- 
duce creative thinking. 

Creatity heuristics such as 
analogical reasoning or "brain- 
storming" discourage people, at 
least temporarily, fmmdirect analy- 
sis of the problem. They encour- 
age a partial diversion of thinking- 
an effort to see the problem In 
different terms - and then a return 
to the problem. A conceptual dis- 
cussion by Bertram Spector of the 
impacts of creativity on negotiation 
appears in the May 1993 issue of 
the Dutch Negotiation Magazine. 

An experiment developed by 
Spector is intended to test the 
ability of one type of creativity heu- 

fresh options for solution. 
Subjects play scientific experts 

at a negotiating impasse, specifi- 
cally the dispute between Hungary 
and Slovakia concerning their joint 
project to construct a hydroelectric 
dam on the Danube River. Experi- 
mental subjects are trained to use 
differdnt types of analogies. Sub- 
jects in the control group were 
trained in another problem-solving 
a~oroach. studv and analvsis. I 

particular interest was the impact ristic, analogies, to help resolve an 
of rn&@ emjii&i.b$ $&$ 

. . 
~ h r e e  exphmental trklsof the 

simulation have been conducted, 
once with psychology students at 
the Sorbonne in Paris and twice 
wlh international graduate stu- 
dens at the Advanced Internation- 
al Program in Peace Studies at the 
European University in StBdt- 
schlaining, Austria, and at IIASA. 

Creativity training appeared to 
have a significant impact on efforts 
to overcome the negotiating dead- 
lock. Twice as many subjects in 
the creativity group reached agree- 
ment as in the study group. 

Creativity training produced 
many unusual analogies: subjects 
compared the Hungarian-Slovak 
dispute to a marital divorce, to a 
children's game, or to the circulato- 
ry system of the human body, 
among others. Their proposals forb 
solutions usually involved the inter- 
vention of impartial third parties to 
mediate or stvdy the problem. 

Subjects who used the creativ- 

I 

' 

ity approaches appeared to find 1 
the effort of negotiation more tax- 1 

ing, but the payoffs in terms of 
breaking stalemates appear to be 
worth the effort. A practical impli- 
cation is that mediators can be 
trained to use creativity techniques ' 
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Systems Tools 
for Negotiations Support 

w hat is most apparent to any- 
one who has participated in. 

analyzed, or sat through an intema- 
tional negotiation are the often 
lengthy, seemingly haphazard me- 
andering of the debates and the 
positioning and posturing that ap- 
pear to skirt the issues - it all ap- 
pears hopelessly unsystematic. 

While some of this conspicu- 
ously roundabout behavior may be 
driven by conscious strategies and 
tactics, it would seem reasonable to 
assume that the efficiency of nego- 
tiation - essentially a process of 
joint decision-making - could be 
enhanced by the judicious applica- 
tion of logical and quantitative 
methods from the management sci- 
ences, psychology, economics. 
statistics, and computer sciences. 
But there has been relatively little 
research on how analytical method- 
ologies can be engineered to help 
negotiators in a practical way. 

In October 1991 IlASA held a 
workshop on systems analysis 
techniques for international negotia- 
tion. The central question was: Can 
quantitative approaches typically 
used to understand and explain 
past negotiation processes be used 
as normative and prescriptive tools 
to assist in future negotiations? 

Some of the papers developed 
for the workshop were later assem- 
bled for the journal Theory and 
Decision (Vol. 34, No. 3, May 1993, 
guest edited by Bertram Spector). 
This special issue includes articles 
on methods that can help negotia- 
tors assess alternative strategies 
and estimate likely outcomes, 
namely, decision analysis, multi- 
criteria optimization, statistical anal- 
ysis, and game theory; and atiicles 
on methods that help diagnose the 
negotiation process itself, for exam- 
ple, cognitive mapping, simulation 

IIASA's MCBARG software was one of several formalized decision support tools 
reviewedat a workshop on systemsanalysis techniques forinternationalnegotiation. 

modeling, rule-based systems, and 
information management. 

Each approach in fact compris- 
es a family of methods that has 
been applied to the study of negoti- 
ation processes. Decision analysis, 
for example, includes the range of 
techniques described below. Each 
tool has a methodological founda- 
tion in decision theory but is suit- 
able for different purposes. 

Cost-Benefit Analysis models 
evaluate trade-offs in costs and 
benefits of alternative proposals. 
They can be used to assess alter- 
native negotiation formulas, each 
composed of different combinations 
of compromises and principles to 
achieve a mutually acceptable 
outcome. 

Cross-Impact Analysis is a meth- 
odology that facilitates the modeling 
of complex situations with the pur- 
pose of simulating the impact of 
particular policy decisions that may 
affect that situation. It is suitable for 
risk analysis, examining the many 
internal and external factors that 
can affect efforts to achieve a con- 
vergence of interests. 

Decision Tree Analysis creates a 
sequential network of events and 
decision points, with probabilities 
attached to each node, that can 
help in assessment of response 
behavior to earlier concessions. 

Multi-Attribute Utility Analysis 
models structure decision problems 
to rank alternative decisions; based 
on specified criteria and objectives. 
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It is an appropriate technique to 
assess trade-offs and examine the 
extent of adjustment required in 
preferences to achieve compromise 
solutions. 

Stakeholder Analysis uses infor- 
mation on the positions, interests, 
priorities, and preferences of vari- 
ous stakeholders on a particular 
issue to facilitate analysis of the 
range of differences among stake- 
holders and the potential for coali- 
tion formation. 

Researchers at IlASA applied 
multi-attribute utility analysis tech- 
niques to evaluate coalition building 
and preference adjustment in the 
UN Conference on Environment 
and Development. A full account of 
the UNCED modeling exercise will 
appear in 1993 in the journal Group 
Decision and Negotiation. 

The modeling addressed two 
negotiation issues: development of 
a funding mechanism for future 
environment- development projects 
and acceptable funding levels. Two 
months before the formal negotia- 
tion conference, a handful of pro- 
posals had been tabled on these 
two issues; these were defined as 
optlons in the model. A content 
analysis of statements on financial 
Issues presented by key national 
participants yielded a hierarchy of 
critena upon which policy decisions 
would be made affecting negotia- 
tion choices and strategies. These 

Decisions on 
Financial Issues 

criteria formed the basis of the 
model (see figure). 

The relative importance of each 
decision criterion for the three na- 
tionsfcoalitions studied - the USA, 
the European Community, and the 
Group of 77 - were coded on the 
basis of their public statements on 
a fivepoint scale. Finally, an as- 
sessment of how well each option 
satisfied each lowest-level criierion, 
based on the national statements 
and proposal descriptions, was 
quantified into scores. 

Exercise of the models re- 
vealed comparative preferences for 
each option. Sensitivity analyses 
revealed the extent of adjustment 
required of each actor to achieve a 
compromise. IlASA researchers 
briefed the UNCED secretariat on 
the model structure at a point when 
it was developing a proposed glob- 
al action plan for future environ- 
ment-development activities. 

Although the quantitative analy- 
sis was conducted after the actual 
negotiation was completed, it could 
have Served as an aid to decision- 
maklng during the course of the 
prenegotiation to identify gaps in 
preference and the extent of flexi- 
bility required to achieve compro- 
mise. In particular, the results indi- 
cated that the US position on finan- 
cial issues required the greatest 
modification to achieve a compro- 
mise; movement appeared much 
less stressful for the Group of 77. 

Such information is potentially 
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of great value to international nego- 
tiators, particularly in the early 
stages of negotiation. Ideally, a 
negotiating team would have a tool 
kit comprising the entire method- 
ological family of decision analytic 
techniques, each suitable for differ- 
ent sorts of analysis. 

The Austrian Ministry of Sci- 
ence and Research has funded 
IlASA to assess the analytical re- 
quirements of intemational negotia- 
tors and to inventory tools available 
for analytical and decision support. 

International negotiators often 
confront their counterparts only with 
their wits, instructions from their 
home government, and minimal 
background information developed 
by their staffs. They often arrive at 
complicated multilateral negotla- 
tions having performed minimal 
assessments of their own interests 
and positions, let alone those of 
other key nations and coalitions. 
Few of them understand the tools 
and techniques for effective joint 
problem-solving that have been 
developed in the management 
sciences and are already widely 
used in industry. International nego- 
tiation has not yet entered the infor- 
mation era. 

The global environmental nego- 
tiations now under way are inher- 
ently complex. Quantitive analyses 
during prenegotiation could give 
practitioners a useful overview of 
the negotiating field and to plan for 
what might lie ahead. 
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Restructuring Russia 's R&D 
Serguei Glaziev, Minister for Foreign Economic Relations of the Russian Republic 

Christoph Schneider, Economic Transition and Integration Project, IlASA 

The scientific talent inherited by Russia is an extraordinary national 
resource. As citizens of the USSR, Russian scientists and engineers built the biggest 

hydroelectric dams, the most agile fighter planes, the first space satellites. Now, as citizens of the 
Russian Federation, they could help their nation return to prosperity - if their skills are put to good use. 

In 1990, at the request of then-Soviet deputy prime minister Laverov, IlASA began a study of the 
problems of managing and reorganizing research and development during economic transition. After 
the Soviet Union was dissolved, the Russian government continued to support the project strongly. 

One result was Research and Development Management h the Transition to a Market Economy, a 
286-page IlASA collaborative paper with contributions by 22 authors, including 18 Russian scholars 

and senior government officials. Richard Levin of Yale University, USA, the co-leader of the 
IIASA project, described their contributions as the boldest and most forthright statements 

regarding reform of Russian R&D ever to appear in the West. It also includes 
considerable quantities of new and previously unpublished nonofficial data. 

This article reviews some, but by no means all, of its contents. 

I n 1989 the Soviet R&D community included almost 
1.7 million specialized scientists, engineers, and 

technicians. Only the USA, with 2.0 million, had more. 
Almost all of the scientific establishments and person- 
nel were in Russia; Kiev, Kharkov, and Riga were the 
only sizable centers beyond its borders. For practical 
purposes. Soviet science was Russian science. 

This scientific capability was a source of great 
pride built at enormous expense. From the late 1950s 
to the late 1980s, Soviet spending on R&D was con- 
sistently higher than in Western countries - as much 
as twice the OECD average. 

But contrary to official boasting, and despite rising 
budgets, science was in decline in the last decade of 
the Soviet regime. Indeed, the expressed purpose of 
perestroika was to accelerate economic growth and to 
overcome the widening technological gap between the 
Soviet and market economies. A study of the speed of 
diffusion of 23 selected technologies in the USSR 
between 1971 and 1987 indicated a drastic slowdown: 
from an average of 1.8 percent per year in 1971-75. 
to 0.8 percent in 1981-85, to 0.3 percent in 1987. The 
average technological gap in major industries 
increased from 10-15 years in the 1950s to 20-30 
years in the 1980s. 

From 1975 to 1985 the total number of scientists 
and engineers working in R&D in the USA grew 85 
percent; in the USSR by only 22 percent. The gap 

increased fastest in high technology. US R&D enjoyed 
a 470 percent increase in the number of computer 
scientists; the USSR saw a dmp in the percentage of 
computer scientists among RBD personnel. 

In 1986 one-third of all top-level scientists (PhD or 
equivalent) in the USA were under the age of 40; in 
the USSR the figure was 2 percent. In its last years 
the Soviet Academy of Sciences became a distorted 
gerontocracy. By 1986 fully hall of its members were 
more than 75 years old (in 1976 it was fewer than one 
in four); just 8 percent of members were under the 
age of 50 (compared with 24 percent in 1976). 

Soviet scientists and engineers typically worked in 
huge, inflexible organizations: the 51 11 R&D institu- 
tions existing in 1989 each had an average of 300 
scientists - some had tens of thousands of scientists. 
In the fight for resources, small was synonymous with 
weak. 

Research institutions were extensions of the Sovi- 
et bureaucracy. The system appeared to support 
many different forms of science: in fact, institutions 
with broadly similar structures reported in parallel to 
industrial ministries, the education ministry, or the 
Academy of Sciences. Each ministry or branch had its 
own R&D establishment; each branch, and indeed 
each institute, tried to be self-reliant. Excessive, 
wasteful duplication - theoretically a problem for capi- 
talists - was in fact characteristic of the Soviet system. 
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Distribution of government expenditures for research, 
1988 (%). 

OECD 
average 

USSR USA (1 987) 

Natural 16.0 29.7 

Medical 2.2 10.2 

Agricultural 2.4 3.9 

Social and 
humanitarian 4.1 6.0 6.8 

RBD institutions responded to pressure from the 
hierarchy (upstream) and were divorced from the 
users of their products (downstream). Concepts of 
organization, planning, and management were 
borrowed from material production. Technological 
progress in industry was defined as an increase in unit 
capacities of existing equipment types, often beyond 
economically (and ecologically) justifiable limits. Efforts 
to conserve resources were unrewarded. The ideologi-. 
cal obsession with quantity even entered the meeting 
room: in the late 1970s Soviet scientific conferences 
had an average of more than 118 presentations, 
compared with 42 to 48 in the USA, the UK, and West 
Germany and 57 in Japan. 

There were no incentives to share information, to 
distribute new technologies, to communicate with other 
R&D institutions: change and the free flow of inforrna- 
tion were actively discouraged. At a time when the 
central Soviet Academy of Sciences library subscribed 
to 4000 journals, Harvard University subscribed to 
106,000. Not until the late 1980s did the Academy link 
its institutes in Riga, Leningrad, and Moscow with a 
communications system called Akademset. Research 
institutes of industrial ministries, which employed 
three-fourths of all scientists, were not integrated in 
the system. 

Secrecy was pervasive. International contacts 
were strictly limited. Four years ago, an economist 
needed special permission to read Business Week. 

Movement of personnel was actively discouraged. 
Early in their careers, Soviet scientists were locked in 
to particular places and assignments. 

Aged, self-interested managers cultivated personal 
relationships with more senior bureaucrats while 
stifling innovations - for instance, breakthroughs in 
genetics in the 1950s -that could undermine their 
positions. Throughout the system, entrenched lobbies 
supported the status quo. 

Resources were allocated by the center on the 
basis of national priorities and prestige. The table 
above shows the bias of spending toward technical 

fields and away from life sciences - the sorts of skills 
needed to address problems in health, agriculture, and 
the environment. 

The quantity and quality of research equipment 
were extremely low. In 1985 there 6765 computers in 
higher education institutes serving 294,000 teachers 
and 3 million students; 70 percent of these computers 
were judged obsolete. In the R&D sector as a whole, 
there are still no more than 20 personal computers for 
every 1000 scientists. 

The great exception was the military-industrial 
complex. Three-quarters of Soviet R&D spending was 
on defence (page 15). Defence and space research 
got the best of evelything: the best equipment, the 
best locations, the best young scientists and 
engineers. The big central research institutes came 
next in priority; branches of civilian industry were left 
to fight for scraps. 

Ironically, military research was the only R&D 
sector that enjoyed real competition. Enterprises 
competed to procure orders; competition stimulated 
research and innovation. Top political figures interest- 
ed in the USSR's international prestige sporadically 
intervened to promote radical innovations. High status. 
special rewards, and access to first-rate equipment 
helped attract the best specialists and skilled workers 
to the militaryindustrial complex. Only there did they 
find an organizational commitment to modem technol- 
ogies and new ideas. 

The Recent Past 

The last few years have brought radical change to 
Russia. The R&D community, like most sectors of 
Russian society, has faced great difficulties, but 
commercialization of R&D is taking place and new 
structures are emerging. While much remains to be 
done, a start has been made. 

Restructuring of R&D began on 30 September 
1987 with the Soviet government decree On transfor- 
mation of research organizations on the basis of 
complete self-accounting and self-finance. Min~sterial 
organizations and monopolies in R&D were abolished, 
prices of R&D pmducts were officially liberalized, and 
research institutes were given a say in their planning 
and financing. 

The changes had immediate effect. Many 
research institutes began looking for clients and 
adjusting their research agenda to consumers' needs. 
In 1988 contracts with industrial enterprises more than 
doubled in value. With new incentives to impmve 
productivity, the number of employees in R&D 
decreased by 4 to 18 percent in various industries, 
while the time taken to finish projects typically fell 20 
to 35 percent. 
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With no existing market as a guide, prices for 
R&D rose sharply. For the first time in several 
decades, wage growth rates in the R&D sector were 
the highest in the economy - so high that it worried 
the government. The incomes of some research insti- 
tute managers increased 5 to 8 times after they got 
the chance to set prices and distribute profits. Several 
cases were discussed by the Council of Ministers. 

In 1991 the Russian government introduced an 
anti-inflation package that included wage limits and a 
special tax on wage increases linked to output 
increases. 

Small, flexible groups began to seize opportunities 
to serve as R&D brokers (table page 16). Typically 
they acted as intermediaries behveen customers and 
scientists for a commission of 5 to 50 percent (com- 
missions declined as more firms entered the market). 
Firms created an average of 50 to 100 temporary 
research teams each year. A typical firm employed 10 
people full-time and another 20 part-time. Most of the 
research was done by scientists and engineers 
working part-time. 

By 1990 non-state R&D firms had signed 1.4 
million contracts with individual scientists. More than 
half the scholars in Russia were working part-time in 
non-state R&D, many of them for more than one firm, 
while keeping their jobs in state institutions. One of the 
main sources of talent was the militaryindustrial 
complex. 

Contracts included software development (40 
percent), information services, consulting, and 
economic research (22 percent), project preparation 
(13 percent) and search and repair of equipment (10 
percent). From a standing start in 1987, the non-state 
sector grew by 1991 to account for 13.5 percent of 
R&D (by 1992 nearly 12 percent of Russian GNP was 
non-state). 

The rise of these small firms was a mixed bless- 
ing. Members of temporary teams usually conducted 

West Germany j 
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their "commercial" research at the state research 
institutes where they were employed, using state 
equipment. The R&D was often based on what they 
had done and learned at state expense: in effect, they 
sold the state's information in the emerging free 
market. This led to wider distribution of technology 
than was possible under the old regime, but it did 
nothing to encourage new R&D. Indeed, it undermined 
the long-term prospects of the institutions doing 
genuinely new work - with no clear laws on intellectu- 
al property rights, there was little they could do as 
their inventions disappeared out the door. 

Many of the private R&D firms were organized by 
the managers of state enterprises, or by their friends 
and relatives, who then gave the firms contracts. For 
managers, it was a way to avoid controls on spending 
and incomes. Still, this symbiosis between state and 
private R&D organizations kept the incomes of many 
scholars high enough for them to stay in science. 

The situation was worse for researchers without a 
second job in the private sector, and especially for 
people working in military or basic research. Both 

' 
these sectors relied almost exclusively on state 
subsidies. 

Taking inflation into account, the military R&D 
budget declined by about one-third from 1989 to 1990; 
many talented researchers were forced into less inno- 
vative, but more lucrative, work in the private sector. 
Non-military basic research maintained its budget 
somewhat longer, but by 1991 many of the main 
central research institutes, including the Institute for 
Space Research and the Institute for Physical Chemis- 
try, were in financial crisis. These and other centers of 
basic research were under the Soviet Academy of 
Sciences. 

On 20 November 1991 the Russian government 
stopped financing some 80 central agencies, including 
the Soviet Academy. The next day President Yeltsin 
issued a decree restoring the Russian Academy of 
Sciences. Within a month 39 full members and 108 
corresponding members were elected to the new 
academy. No fewer than 29 of the 39 full members 
live in Moscow, despite a stated intention to break the 
domination of the center. 

Budget constraints on enterprises had been hard- 
ened and many state subsidies withdrawn in 1989. In 
1991 the Russian government adopted a new tax 
system which stopped ministries from collecting the 
prof~ts of state enterprises. Some of these profits had 
gone into R&D funds that made up one-third of indus- 
trial research funding. 

In essence, conventional funding disappeared, 
while new sources were not forthcoming. R&D funding 
by state enterprises, which had increased by 64 
percent in 1988, increased by only 25 percent in 1989. 
In 1990 there was no growth, and in 1991 it fell 
dramatically. 
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To prevent a mass bankruptcy of institutes, the 
government formed a special non-budget fund for 
R&D finance in each industry. It was financed by a 
special tax of 0.8 to 1.3 percent on the value of the 
industry's output. In 1991 and 1992 the fund became 
the main source of financing for basic R&D in industri- 
al research institutes and helped save many institutes 
from collapse. 

The Academy of Sciences, by contrast, was 
financed by a fixed subsidy from the state budget. 
Financial chaos meant that the budget was prepared, 
not yearly, but quarterly. Delays in the transfer of 
funds exposed them to ravaging inflation. Many 
academic insitutions were unable to pay wages and 
lost their best researchers. 

The partial restructuring of R&D financing in 1991 
was an intermediate and insufficient solution. 
Measures were aimed at preventing the collapse of 
existing R&D institutions. Creation of new institutions 
better suited to the market economy will require more 
radical changes. 

The Road Ahead 

While much remains uncertain about the restructuring 
of Russian R&D, there are several points of agree- 
ment on what to do and what to avoid. There is a 
consensus on the need for general economic and 
commercial stability, for clear laws on commercial 
contracts and intellectual property rights, for integra- 
tion of R&D resources into industrial firms, and for a 
continuing role for government in science, especially 
basic science, even after the transition to the market is 
complete. 

The organization and management of industrial 
R&D cannot rely solely on market mechanisms. In 
successful market economies, both public and private 
institutions play roles in virtually all arenas of techno- 
logical advance. It is a complex mixture. 

The immediate problem is to prevent the collapse 

RBD output by non-state organizations in Russia (billion rubles). 

1987 1988 

of R&D during the transition. Some reduction in the 
size of the total R&D community is likely, and probably 
desirable. Ideally, many scientists and engineers will 
go into fields that indirectly support R&D. In the USA 
only 35 percent of trained scientists are directly 
employed in R&D, but another 45 percent make 
valuable indirect contributions through marketing, 
communications, exchange programs, and other fields. 

Government plans for R&D restructuring must be 
considered part of broader reforms, including the 
demonopolization of industry, large-scale privatization, 
changes of the state regulation system, reform of the 
financial and banking systems, and so on. Reforms in 
each of these areas will affect R&D. 

The basic problem is to provide sufficient demand 
for R&D products during the transition. Privatization 
policy will be a key. The supermonopolization of the 
Russian economy means that simple privatization will 
not guarantee the competition needed to stimulate 
innovation. Privatization efforts in 1989-91 trans- 
formed state enterprises into self-managed and cross- 
owned joint stock companies. which in turn led to the 
rebirth of organizational monopolies in the form of 
various corporations and associations. 

Large-scale privatization began in the second half 
of 1992. Managers will be accountable first to corres- 
ponding ministries and the State Property Fund, then 
to trust companies which will hold shares on behalf of 
the state, and finally to private owners. Clarification of 
ownership and intellectual propelty rights will give 
owners and managers of companies a real incentive 
to plan for the future. 

At the same time, privatization should not destroy 
existing informal technological links between enterpris- 
es and between enterprises and research institutes. 
Existing state enterprises are more like parts of a 
large industrial organization than independent firms. It 
makes sense that the present agglomerations be 
recast as vertically integrated firms, with related 
research institutes transformed into in-house R&D 
laboratories. In some cases, institutes that are part of 

1989 1990 1991 (estimated) 
Total R&D expenditures 

of non-state 
organizations 0.03 1.2 4.7 6.0 6.15 

Youth Research Centers 0.022 0.85 1.1 1.45 1.5 

Permanent Research Teams 
of All-Union Society of 
Inventors 

Permanent Research Teams 
of Union of Science and 
Engineers Society 

RBD cooperatives 0.008 0.17 3.15 3.9 4.0 
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scientific-production units (NPOs) should be 
transformed into the firms' R&D departments before 
privatization. 

In the end it matters little whether production 
enterprises absorb R&D laboratories or industrial 
research institutions buy factories: the important po~nt 
is that they be integrated. In-house industrial research, 
most of it closely linked to production, is the corner- 
stone of R&D in market economies. In the USA, three- 
fourths of all R&D personnel work in industly. Outside 
contract research has been most effective when it 
complements in-house research. 

There is little reason to believe that large Russian 
research institutes - and almost all of them are large 
-would fare well if they were simply privatized as 
stand-alone R&D contracting firms. Provision should 
be made, however, to support individuals or small 
groups of scientists who want to split from large insti- 
tutions and set up small private R&D firms. 

It may be desirable to transfer some research 
institutes to universities. Under the Soviet system, 
institutions of higher learning concentrated on training 
and not research. 

The point is that no single method of privatization 
is appropriate for all institutes. Basic research in 
Russia will always depend heavily on state support, as 
it does in the West. Some central institutes of basic 
research may best be left in government hands, under 
the supervision of the appropriate ministry, or trans- 
formed into consoltiums owned by firms in a related 
field. 

State financing of R&D must be restructured. The 
present hierarchical flow of funds from state to ministry 
to institutes should be replaced by specialized founda- 
tions and management bodies offering subsidies and 
contracts on a competitive basis. The first step has 
been taken in the formation of the foundation respon- 
sible for the state Basic Research Fund. The main 
shortcoming of this fund is that it is controlled by the 
Academy which has a near-monopoly on basic 
research. One can hardly expect real competition in 
such circumstances. 

More funds of this kind would help in the transi- 
tion. Funds for industrial R&D would be especially 
useful during the transition period. while private 
demand for R&D is low. Such funds could be support- 
ed by the already introduced special R&D tax. They 
should be independent of ministries and managed 
instead by impartial councils. The funds could support 
technology imports and R&D programs of national 
importance and give grants to scholars and subsidies 
for research. 

Subsidies for research institutes will be necessary 
during the transition. As indicated above, the existing 
private R&D sector is subsidized indirectly by state 
financing channeled principally through contracts from 
state enterprises: a typical scientist eams money from 

IlASA and Perestroika 
IIASA'S work on economic transition in eastern Europe 
began in 1989 when Stanislav Shatalin, chief economic 
adviser to then-president Gorbachev, asked IlASA to set 
up an expert consultative panel. Several Russian members 
of that project, incuding Serguei Glaziev, co-author of this 
article, later became leaders of the transition process. 

In 1992, at the Russian government's request, IlASA 
agreed to organize a series of workshops for Russian and 
Western experIs to discuss problems of reform, including: 

privatization and the behavior of enterprises 
the impacts of policy on employment and the 
design of a social safety net 
the Russian taxation system - internationalization of the Russian economy. 

A brief repoff on the two most recent workshops is on 
pags 23. The R&D study was outside the 1992 agmment, 
but it too was reviewed at a May workshop on Creating 
Merketdrlven Industrial R&D. IlASA will wntinue to pro- 
mote scholarly research on economic rmnsitlon and, where 
it can, to help policy makers make use of the results. 

a full-time job at a state research institution and from 
a part-time job at a private R&D firm. Without this 
support most of the new private firms could not 
survive. 

Interim subsidies will also be essential to help the 
state military--industrial complex to adjust. With the 
Cold War over, other countries also face the problem 
of reallocating resources devoted to military R&D. But 
none face the same scale of the problem as Russia. 

As the economic transition proceeds, most state 
subsidies can be gradually reduced. Subsidies for 
basic research will continue to be necessary, although 
their share in total R&D expenditures should 
decrease. 

An important part of the transition will be regula- 
tion of foreign trade. Russian R&D managers need 
time to learn the importance of competitiveness and to 
adjust their products. Import tariis should be adopted 
as an interim measure, along with schedules making it 
clear that they will gradually be reduced, step by step. 
A similar policy could be adopted for intellectual 
property. 

Most Russian scientists, like others in Russian 
society, have accepted the inevitability of radical 
change; some of them are apparently eager for it. A 
1992 survey of 565 research managers in 21 institutes 
indicated that 52 percent believed that their institute 
must become independent of government; 53 percent 
said that they had studied the demand for products of 
their research organization; and 26 percent said that 
they would like to establish a private research firm. 
Such responses are a hopeful sign for the future. . 
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Global Energy 

T he evolution of systems that 
feed and sustain human popu- 

lations. and indeed h e  evolution of 
modem society, has occurred in the 
context of a moderate and relatively 
stable cllmate. But there is concem 
in many quarters that this climatic 
stability may be endangered by 
rising concentrations of atmospheric 
greenhouse gases. 

The rise is due principally to 
human activity, especially the bum- 
ing of fossil fuels for energy. The 
main human addition to green- 
house gases is CO,: Wo-thirds of 
this CO, comes from coal, oil, and 
natural gas. Together these fuels 
comprise at least 80 percent of 
global primary energy. A meaning- 
ful effort to reduce the risk of global 
climate change must address our 
dependence on them. 

In 1991--92 IlASA and the 
Central Research Institute of the 
Electric Power Industry (CRIEPI) of 
Japan carried out a joint study of 
long-term global energy strategies 
under carbon-emission constraints. 
The goal was to project glob- 
aVregional energy demand and 
supply for two sets of scenarios 
(see figures) based on different 
assumptions of energy policy: a set 
of dynarnics-as-usual scenarios 
with regional rates of social, eco- 
nomic, and technological change 
the same as in the past and com- 
petition between fuels and energy 
forms based primarily on market 
mechanisms: and enhanced effi- 
ciency and conselvation scenarios, 
for which special measures are 
taken to promote energy efficiency 
in all regions and economic sec- 
ton. 

All scenarios projected a sub- 
stantial increase in primary energy 
consumption by the middle of the 
21st century. The lowest projection 
(12 gigatons of oil equivalent) was 

and Climate Change 
produced by the demand-side effi- 
ciency improvement scenario, while 
the highest (24 Gtoe) was by the 
supply-side improvement scenario. 
In 1990 consumption was 8.6 Gtoe. 

Higher primary energy con- 
sumption does not necessarily 
mean higher emissions of green- 
house gases. In fact, in the acceler- 
ated CO, abatement scenario - a 
reduction of emissions by 2050 to 
40 percent of current levels - pri- 
mary consumption is 17.2 Gtoe, or 
double current levels. The reason is 
that many available non-carbon 
technologies convert energy less 
efficiently than conventional carbon- 
based technologies. The nuclear 
moratorium scenarios. for example, 
lead to lower levels of total primary 
energy consumptlon because the 
alternatives to nuclear - assumed 
to be primarily coal-fired power 
plants - have higher energy con- 
version efficiencies. 

The IIASA--CRIEPI study indi- 
cates that within a few decades the 
burden of global energy problems 
will shift from developed to devel- 
oping countries, creating potential 
for new tensions in the world ener- 
gy scene. Energy demand in devel- 
oped countries is pmjected to stay 
at current levels or to decline slight- 
ly; not a surprising result, since an 
extrapolation of recent trends indi- 
cates a stabilization of populations 
in developed regions. By contrast, 
primary energy demand in develop- 
ing countries in 2050 is projected to 
be three to five times current levels. 
The share of developing countries 
in primary energy consumption 
would double to 55-60 percent. 

Projections of future energy 
systems were less consistent from 
scenario to scenario. Of particular 
interest is the future mle of fossil 
fuels. As a percentage of the total 
energy mix, fossil-fuel use declined 

in all scenarios, but projections of 
absolute levels of use varied wide- 
ly, from a sharp decline (accelerat- 
ed CO, abatement scenario) to a 
doubling (base case). In 1990 fossil 
fuel use was 7.2 Gtoe. or 84 per- 
cent of the total primary energy 
consumption. 

The future of nuclear energy 
remains a controversial point in all 
energy projections. Prospects for 
this energy source are uncertain. 
On the one hand, risk and safety 
issues make nuclear energy unac- 
ceptable in many developed coun- 
tries. On the other hand, nuclear 
power plants, unlike the fossil-fuel 
alternatives, emit no pollutants to 
the atmosphere, barring accidents. 

It is difficult to see how de- 
mands for more energy and lower 
CO, emissions can be achieved 
without a comprehensive revitaliza- 
tion of the world's nuclear industry. 
Our projections indicate that a nu- 
clear moratorium would add some 
1G15 percent to global emissions 
of CO*. offsetting other efforts to 
cut emissions. Even assuming an 
expansion of the nuclear power 
industry and a 60 percent reduction 
by 2050 from current global carbon 
emissions, as modeled in the accel- 
erated abatement scenario, is ex- 
tremely ambitious. Rates of both 
energy-efficiency improvements and 
decarbonization of energy systems 
would have to increase far beyond 
historic levels. 

The abatement scenario as- 
sumes global decarbonization of as 
much as 3 percent per year, ten 
times the historic rate. Developing 
countries would reduce their carbor. 
intensity even faster than devel- 
oped countries - something pos- 
sible only with massive support 
from the developed world. This rate 

DWIDIXIB~ M page 20 
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coal oil 

Scenario: 
t 

Accelerated C02 
Abatement (83) 

QaS nuclear renewables non-commercial 

Demand-side efficiency 
improvements (Bl) 

Supply-side efficiency 
improvements (A3) 

Base Case (A1 
I 

Present (1990 

Dynamics as Usual 

14 Base Case (Al): no special con- 
straints on energy-systems develop- 

12 
ment, modest introduction of nuclear 
energy and renewables. 

10 
Nuclear Moratorium (A2) a freeze on 
nuclear energy at current capacity. 

latons of SUDD~V-Side Measures IA3J: all avail- .. , 
able measures undertaken'to improve 
efficiency of energy production and 

r 6  delively. 

Enhanced Efficiency-Conservation 

Demand-Side Measures (81): all 

I 
83 available energy conservation and 

2 efficiency improvements undertaken, 
primarily in end-use sectors. 

0 M@!wr Mmtor(mr (82): as A2, but 
with a lower final energy demand. 

Years Accelerated CO, Abatement (83): 
enhanced restructuring of supply and 

C02 emissions by global energy systems demand and CO, ernisslon reductions 
to 40 percent of the current level. 
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Energy Networking 
International Energy Workshop 
Sixth CHALLENGE Symposium 

22 - 24 June, Laxenburg, Austria 

of decarbonization would entail ex- 
traordinary increases in the supply 
of nonfossil sources of energy: in 
the projection renewable sources 
account for 40 percent and nuclear 
for 36 percent of the primary ener- 
gy supply in 2050. 

Progress in the developing 

T he latest meetings of these 
networks were held together at 

IIASA. The IEW, cofounded in 
1981 by Stanford University and 
IIASA, meets annually. Twice a 
year it publishes the results of an 
ongoing poll of energy experts in 
industry, government, and acade- 
mia. The polls are a good measure 
of the expert consensus on trends 
in key factors, including oil prices, 
economic growth, and consump- 
tion of electricity and various fuels. 

CHALLENGE, founded in 1991 

I by IIASA and the University of 
Stuttgart, is also concerned with 
energy scenarios. The goal of the 

suggests that a hypothetical $200 
per ton carbon tax could reduce 
total primary energy use to 10 
gigatons and stabilize energy- 
related carbon emissions by 2020. 

Many CHALLENGE participants 
said that they would contribute 
new or refined results of compari- 
sons between reference and re- 
duction scenarios. Members of the 
network were also invited to com- 
ment by mid-September on two 
such comparisons by Stanford 
University and the OECD. 

There was considerable dis- 
cusslon of the economics of global 
warming and greenhouse mitiga- 
tion. Presentations of analyses 
with several models, including 
DICE and MERGE, both developed 
at Yale University, USA, suggested 
that efforts to slow carbon emis- 
sions would be expensive yet have 
little impact on greenhouse gas 
concentrations. Other speakers 
advocated extreme precaution, 
calling for a stabilization of atmo- 
spheric carbon levels through a 60 
percent reduction of emissions. 

Participants expressed hope 
that further research would reduce 
some of the ecological and eco- 
nomic uncertainties involved. A 
presentation of a model developed 
at the Electric Power Research 
Institute, Palo Alto, USA, dealt with 
hedging strategies that explicitly 
take account of such uncertainties. 

There was also an extensive 

, 

countries will determine the future 
global energy profile and levels of 
environmental pollution. Future 
global studies should focus on the 
energy supply and demand of this 
region with special emphasis on 
social, economic and technological 
developments. Better institutional 

network is to explore measures to 
reduce the risk of adverse climate 
change. Most participants are 
research groups working with na- 
tional or regional scenarios of 
greenhouse gas emissions. 

Part of the meeting was given 
to presentation and discussion of 
global scenarios using the Global 
2100 model of economy-energy- 
C02 interahions. Scenario inputs 
and assumptions were based 
largely on estimates and pmjec- 
tions by members of CHALLENGE. 

The referencecase, essentially 
a "do-nothing" scenario, projects 
global primary energy consumption 
of 12.5 gigatons of oil equivalent in 
2020; this yields carbon emissions 
lower than the highest projection 

the Intergovernmental Panel on 

discussion of energy use inWnttal 
and Eastern Europe. Energy con- 
sumption in the region has fallen 
about 25 percent in the last three 
years, mainly because of economic 
depression. Use of hard coal, pri- 
marily an industrial fuel, has de- 

limate Change. Further analysis 

clined dramatically - up to 60 
percent in Bulgaria. Consumption 
of lignite, a cheaper fuel often 
used in the home, has not fallen 
as strongly. There has also been a 
sharp drop in electricity use. 

New energy policies in the 
region have common elements: 
reliable energy supplies at 
economic cost; harmonization of 
energy systems with environmental 
policies, including emission 
standards based mainly on Euro- 
pean Community directives; pro- 
motion of energy efficiency, relying 
on market pricing signals; and 
restructuring of the energy sector. 
including liquidation of monopolies, 
splitting of systems by function 
(generation, transmission, distribu- 
tion), commercialization and privat- 
ization where possible, and 
creation of regulatory bodies. Par- 
ticipants generally accepted these 
goals, but some cautioned against 
a disruption of the economic sys- 
tem by a too-rapid transition. 

Countries in the region have 
begun to eliminate energy subsi- 
dies and to close the gap between 
energy prices and production 
costs. Mit~gation of greenhouse 
gases is not a high priority: any 
reductions will be a secondary 
benefit of restructuring for econom- 
ic reasons. 

The next IEW will be 21-22 
June 1994 in Honolulu, USA. 

arrangements are needed to en- 
courage collaboration between 
developed and developing coun- 
tries on long-term global environ- 
mental problems. 

Yuri Sinyak 
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Rick and Fairness 
2c 22 June, Laxenburg, Austria 

In 1993 the Austrian village of Blumau, near h e  Czech border, 
was proposed as the site of a hazardous waste facility. Experts found the site 

to be both economically efficient and technologically feasible. But is the choice of Blumau fair? 

The question is not simple: Should h e  farmers of Blumau shoulder the burden of risk for all Austrians? 
Is the choice fair to them? To their children and grandchildren? To their Czech neighbors? Would 

the local people accept compensation? Was the process of selection fair? Does it matter? 

Only the last question is easily answered: yes, fairness does matter. 

nv~ronmental policies that are 
econom~cally and technically E '  . 

sound may be doomed if people 
believe that they distribute benefits 
and burdens unfairly, or were 
formed unfairly. Yet there is little 
understanding of how concepts of 
fairness affect the development of 
environmental policies. 

This issue was debated by 66 
people from 16 countries who at- 
tended a workshop jointly spon- 
sored by the International Academy 
of the Environment in Geneva and 
IIASA's Risk Analysis and Policy 
project. The purpose was to ex- 
plore conflicting concepts of fair- 
ness and to see how they might be 
accommodated in negotiating poli- 
cies to share 'the burdens of envi- 
ronmental risk. 

Such issues as the siting of 
hazardous waste facilities locally, 
efforts to share costs to reduce SO, 
emissions regionally, and emissions 
of CO, globally were debated by 
philosophers, economists, sociolo- 
gists, mathematicians, anthropolo- 
gists, and other specialists. These 
essentially Northern concerns were 
juxtaposed with discussion of the 
daily realities of Himalayan villagers 
and their efforts to improve com- 
mon property: their water, their pas- 
tures, and their forests. 

From the outset it was recog- 
nized that no single set of moral 
principles can inspire effective per- 
sonal and institutional commitment 
to a fair distribution of environmen- 
tal burdens, or guide negotiations. 

Nevertheless, people often do 
reach concensus on what is fair: 
different ideas of fairness are seen 
as appropriate to different environ- 
mental transactions. 

Effective dialogue 
on the sharing of 

environmental burdens 
begins with an 

understanding of ideas 
of fairness and 

how they interact. 
. . . No single 

concept of fairness 
ever wins the day. 

With the premise that everyday 
experience on such topics as shar- 
ing household chores or military 
duty can enlighten debates on 
larger burdens, several papers ex- 
plored the philosophical and cultur- 
al bases of risk-sharing. Three con- 
cepts were deemed useful: parity, 
in which each individual (or group 

orcountry) is treated equally: prior- 
ity, or giving the burden to those 
most dese~ing of it; and propor- 
tionality, or the sharing of burdens 
according to need or contribution. 
Even philosophers find themselves 
pulled within this "fairness triangle." 
which suggests that no single con- 
cept of fairness ever wins the day 
and that there is something essen- 
tial about the plurality. 

Cultural anthropologists at the 
workshop sought to explain this 
plurality, and the forces that lead 
people toward one or another apex 
of the triangle, as part of the pro- 
cess by which people build and 
maintain social relationships. Econ- 
omists, by contrast. expressed a 
notion of faimess based on com- 
pensation of the victims of environ- 
mental policy. They recognized, 
however, that compensation and 
other market devices may not be 
seen as legitimate for some impor- 
tant transactions, especially those 
involving health and safety. 

There was a lively panel dis- 
cussion sparked by Lawrence Sum- 
mers' World Bank memo (14.2.92) 
about the net benefits that poor 
countries could gain by taking dirty 
industries and hazardous waste 
from rich countries, in return for 
compensation. Panelists discussed 
the limitations of market systems 
for distributing environmental risk 
burdens, economic efficiency ver- 
sus moral injunctions, and cultural 
differences in concepts of risk and 
fairness. D 
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One participant said that siting 
health-threatening facilities is, like 
slavery, an issue with moral as well 
as utilitarian aspects. Another par- 
ticipant said that risks from hazard- 
ous facilities are often greater in 
poor countries than in rich countries 
due to inproper infrastructure. Thus, 
an apparently fair compensation 
may not reflect the true risk to the 
population. The discussion demon- 
strated the power of differing con- 
cepts of fairness to lead to vastly 
different solutions. 

Other discussions concerned 
recent practice in local and global 
arenas. Discussion of efforts to site 
noxious facilities in Austria, Hun- 
gary. Switzerland, Sweden, and the 
USA showed that similar fairness 
concerns arose in each country, 
and that considerations of equity 
often outweighed technical superi- 
ority. Procedural fairness was also 
important; several speakers noted 
the role of citizen participation. 

The, question of whether local 
insights about fairness could be ex- 
tended globally was raised regard- 
ing negotiations on greenhouse 
gases, CFCs, and other problems. 

In the final workshop session it 
was agreed that effective dialogue 
on the sharing of environmental 
burdens begins with an understand- 
ing of ideas of fairness and how 
they interact: with one other and 
with other factors such as scientific 
knowledge, power differences. and 
environmental vulnerability. A range 
of fairness notions is unavoidable; 
solutions based on any one notion 
(for instance, considerations of 
economic efficiency) should give 
way to messier institutional ar- 
rangements. To cope with environ- 
mental burdens, we need to find 
setups that encourage constructive 
interactions among different notions 
of fairness, and discourage destruc- 
tive interactions. The workshop, 
participants agreed, had been a 
useful step in this search. 

Joanne Linnerooth-Bayer 
and Michael Thompson 

Sustainable Development 
of Siberian Forests 
The US State Department has awarded 
IlASA a contract to support a study of 
the sustainable development of Siberian 
forests and forest industries (Options, 
Sept 92). IlASA in turn has signed 
contracts with the lntemational Forestry 
Institute, Moscow, and 10 other Rus- 
sian research organizations for assem- 
bly of data and further collaboration; 
more contracts will be signed this year. 
Contact: Sten Nilsson 

Climate Change and 
Global Food Supply 
The US Environmental Protection Agen- 
cy, through the Goddard Institute for 
Space Studies, New York, has awarded 
IlASA a contract for collaboration on 
further studies of the potential impacts 
of climate change on world food supply, 
demand, and trade. The study will 
augment previous scenario analyses, 
using updated projections of more 
moderate changes in climate. The 
contract also covers a case study of the 
possible impacts of climate change on 
Egypt. Contact: Ken Strzepek 

Energy Networks 
The Electric Power Research Institute 
of Palo Alto, USA, has awarded IlASA 
contracts for preparation of data and 
scenario analysis lor the International 
Energy Workshop and the CHALLENGE 
network (see page 20). Contact: Leo 
Schrattenholzer 

Acidification Strategies 
for Eastern Europe 
The Dutch Ministry of Housing, Physical 
Planning and the Environment and the 
Swedish Ministry of the Environment 
and Natural Resources have awarded 
IIASA contracts for further analysis of 
strategies to reduce acidifying emis- 
sions and depositions In Central and 
Eastern Europe. The contracts support 
ongoing work using the Regional Acidifi- 
cation Information System (RAINS) to 
provide scientific analyses to officials 
renegotiating lntemational agreements 
to limit transboundary air pollution in 
Europe. Contact: Markus Amann 

Modeling Acid Rain 
in Southeast Asia 
The World Bank, through the Agricultur- 
al University of Wageningen, the Neth- 
erlands, has awarded IlASA funds to 
coordinate development of a RAINS- 
type model for Southeast Asia (see 
workshop summary below). Contact: 
Markus Amann 

Macroeconomic Stabilization of 
Economies in Transition, Prague, 
22-24 April. 
This workshop allowed governmental 
officials and scholars from 10 countries 
and several international organizations 
to compare accumulated experience 
with macroeconomic stabilization in 
Albania, Bulgaria. Croatia, the Czech 
and Slovak Republics. Hungary, Po- 
land, Romania, Russia, and Ukraine. 
The main topics of discussion were 
price liberalization, the role of monetary, 
fiscal, and wage policies, exchange rate 
policy, and microeconomic precondi- 
tions for macroeconomic stability. 
Throughout, efforts were made to draw 
lessons from the experiences of coun- 
tries well down the road to reform, for 
the benefit of nations starting out. Con- 
tact: Vit M f l a  

Acid Rain In Southeast Asia, Laxen- 
burg, Austria, 2-0 April. 
This workshop was held to review prog- 
ress by an international team develop- 
ing a model of air pollution and acidi- 
fication in Southeast Asia, based on 
IIASA's Regional Acidification Informa- 
tion System. RAINS is a highly success- 
ful scenario-generating tool currently 
being used to support renegotiation of 
the Convention on Long-Range Trans- 
boundary Air Pollution, the main agree- 
ment limiting air pollution in Europe. 
The workshop was attended by energy 
experts, atmospheric scientists, econo- 
mists, and biologists from China, India. 
Japan, and several Westem countries, 
as well by officials of the World Bank, 
the World Health Organization, and the 
UN Environment Programme. Contact: 
Markus Amann 

Creating Marketdriven Industrial 
Research and Development, Laxan- 
burg, Austria, 10-12 May. (see box 
page 17) 
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lnternational Energy Workshop and 
CHALLENGE Symposium, Laxenburg, 
Austria, 22-24 June. (see page 20) 

Enterprise Behavior under Economic 
Reform in the Russian Federation, 
68 July, and Privatization of Large 
Enterprises in the Russian Federa- 
tion, S l O  July, Laxenburg, Austria. 
These workshops were part of a series 
that brings together Russian officials 
and Western economists to discuss key 
issues of economic reform (see page 
13). The meetings are notable for the 
level of participants; these sessions 
were attended by, among others, Rus- 
sian Deputy Premier Anatoly Chubais. 

Issues discussed in the first work- 
shop included changes in the attitudes 
and objectives of enterprise managers, 
relations between enterprises, enter- 
prise funding and taxation, responses to 
changes in foreign trade regulations, 
and social welfare issues. Participants 
also compared the behavior of Russian 
enterprises with experiences in Poland 
and the Czech and Slovak Republics. 

Chubais opened the second wok- 
shop by reviewing the history of Rus- 
sian privatization efforts, summarizing 
recent developments, and outlining 
future plans. Further discussions were 
devoted to the legal and institutional 
environment, the interplay between pri- 
vatization and restructuring, and a re- 
view of privatization techniques and 
experiences. Contact: Jdnos Gacs 

Appointments 

Mark Doubson (Russia), from the 
Central Economics and Mathematical 
lnstitute in Moscow, has joined the 
Transboundary Air Pollution project. 

Markku Kalllo (Finland), of the Helsinki 
School of Economics, has joined NASA 
as an institute scholar. 

Arkadii Kriajimskli (Russia), from the 
Institute of Mathematics and Mechan- 
ics, Ekaterinburg, Russia, has joined 
the Dynamic Systems project. 

Andries Nentjes (Netherlands), of the 
University of Groningen, has joined the 
Transboundary Air Pollution project. 

quality of the result. Contact: ~ndrze j  
Ruszczynskr or Georg Hlug 

Approximation of Stochastic Optlmi- 
ration Problems, Laxenburg, Austria, 
12-22 July. 
This workshop, organized with the lnsti- 
tute of Statistics and Operations Re- 
search of the University of Vienna, was 
held to discuss practical techniques to 
solve decision problems under uncer- 
tainty. Approximation of a given optimi- 
zation problem with stochastic (i.e.. not 
precisely known) data by a simpler one 
may reduce the complexity of the nu- 
merical solution without affecting the 

Technology and the Environment, 
Laxenburg, Austria, &9 July. 
This workshop allowed a small group of 
economists and energy modelers to 
discuss possible joint research on the 
interaction between technological 
change and the environment. Among 
the topics discussed were: potential 
technological surprise and its impacts 
on the selection and diffusion of tech- 
nologies; the modeling of technological 
change in energy and emission scenar- 
ios and in long-term models of econom- 
ic growth; the role of different environ- 
mental policies, including standards. 
economic incentives, and organizational 
versus technological strategies. A paper 
summarizing the workshop is under 
preparation. The wokhop was spon- 
sored jointly by the French National 
Center for Scientific Research (CNRS). 
Maastricht Economic Research lnstitute 
on Innovation and Technology (MERIT). 
the Netherlands, and IIASA. Contact: 
Dominique Foray or Amulf Griibler 

Oct 8-1 2: Economic Instruments for Air 
Pollution Control. Laxenburg, Austria. 
Contact: Ger Klaassen 

'Oct 13-15: Integrative Assessment of 
Mitigation, Impact, and Adaptation to 
Climate Change, Laxenburg. Austria. 
Contact: NebojSa NakiCenoviC 

Dec 17-21: Evolutionary Game Dynam- 
ics in Biology and Economy, Laxen- 
burg, Austria. Contact: Karl Sigmund 

Environmental Impacts of Waste 
Paper Recycling. Y. Virtanen, S. Nils- 
son. Earthscan Publications Ltd, Lon- 
don. ISBN 1-85383-160-3. 

Reports 

Available from Robert Mclnnes, NASA 
Publications, for the amounts indicated. 

Economic Restructuring in Eastern 
Europe and Acid Rain Abatement 
Strategies. M. Amann et al. Reprinted 
from Energy Policy, December. 1992. 
RR-93-007. US $10. 

Policy Responses to  Climate Change 
in Southeast Asia. F.L. Toth. Reprint- 
ed from The Regions and Global 
Warming: Impacts and Response Strat- 
egies. RR-93-008. US $10. 

The IIASA Scenarios of 1981 Com- 
pared with the IEW Results of 1992. 
L. Schrattenholzer. Reprinted from 
International Journal of Global Enerav 
Issues, (1992) 4(3):188-197. RR-93'- 

Forthcoming Meetings 009. us $10. 

IIASA will sponsor or cosponsor the 
following scienfific meelings in 1993. 
Meetings with (') are by invitation only: 

Sept 27-29: Advances in Decision 
Suppoll Systems. Laxenburg, Austria. 
Contact: Marek Makowski 

Sept 3 W c t 1 :  The Use of Neural Nets 
for DS, Laxenburg, Austria. Contact: 
Marek Makowski or Jaap Wessels 

Oct g 1 2 :  Nation and State in Europe, 
Laxenburg. Austria. Codact: Josip 
Hendekovic. European Science Foun- 
dation, 1 Quai Lezay-Mambsia, 67080 
Strasbourg, CEDEX France 

World Water Resources and Region- 
al Vulnerability: Impact of Future 
Changes. S.N. Kulshreshtha. RR-93- 
010. US $10. 

Long-term Strategies for Mitigating 
Global Warming. N. NakiCenoviC et al. 
Reprinted from Energy (1993)18(5): 
401-609. RR-93-01 1. US $20. 

Cases in Management in Eastern 
Central Europe and Russia. L.E. 
Grayson, editor. Published jointly with 
the Darden Graduate School of Busi- 
ness Administration, University of Vir- 
ginia. IR-93-001. Case Studies: US 
$20. Instructor's Manual: US $15. 



I n t e r n a t i o n a l  I n s t i t u t e  
for Applied Systems Analysis 

IIASA's FKlLE 
The International Institute for 
Applied Systems Analysis is an inter- 
national, nongovernmental research 
institution soonsored bv scientific 
organizatiok from 15' countries. 
IIASA's objective is to bring together 
scientistsfrom variouscountriesand 
disciplines to conduct research in 
a setting that is non-political and 
scientifically rigorous. It aims to pro- 
vide policy-oriented research results 
that deal wlth issues transcending 
national boundaries. Resident 
scientists at IlASA coordinate re- 
search projects, working in collabo- 
ration with worldwide networks of 
researchers, policymakers, and re- 
search organizations. 

RESEARCH Global Mean Tempetature 
Recent projects include studies on 
global climate change, computer 
modelling of global vegetation, 
heavy metal pollution, acid rain, 
forest decline, economic transitions 
from central planning to open mar- 
kets, the social and economic im- 
plications of population change, 

processes of ihternational negotia- 
tions, and the theory and methods of 
systems analysis. IIASA applies the 
tools and techniques of systems 
analysis to these and other issues of 
global importance. 

MEMBERSHIP 
IlASA was founded in 1972 on the 
initiative of the USA and the USSR, 
and now also includes eleven Euro- 
pean countries, Canada, and Japan. 
IlASA has member organizations in 
the following countries: Austria, Bul- 
garia, Canadathe Czech and Slovak 
Federal Republic, Finland, France, 
Germany, Hungary, Italy, Japan, the 
Netherlands, Poland, the Russian 
Federation, S~eden, and the United 
StatesofAmerioa 

FURTHER INFORAMTION 
Funher information about IIASA and 
its work is available from: The Office 
of Communications, International 
Institute for Applied Systems Analy- 
sis, A-2361 Laxenburg, r9ustricb T&e- 
phone (0226)) 7l CIW-0. 


