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35 Years of Achievement
As I began leafing through back copies of
IIASA’s journal Options, first published in
1977, I was struck by the pioneering spirit
not just of those who laid the foundations
of IIASA, but of successive generations of
scientists who, through their resourcefulness
and tenacity, successfully addressed some of
the most difficult challenges ever faced by our
planet. Not only the text of Options, but the
photographs and figures on its pages speak
volumes about the complexity of IIASA’s tasks
and the unfailing and optimistic dedication of
our scientists over the years to tackle them.
During its 35‑year existence, IIASA
has always provided fertile pasture for
innovative thinking. A review of Options
illustrates just how ground-breaking our
research has been. All the issues that most
preoccupy humanity today are found on its
pages: climate change; feeding the world;
urbanization; achieving energy security;
easing the transition to a market economy;
understanding demographic trends; better
management of water resources; negotiating
with terrorists.
It is interesting to observe how thinking at
the Institute has evolved and to take note of
the breakthroughs that have occurred. In a
1978 issue of Options we find working groups
on CO2, climate, and society complaining
about the shortcomings of the models
available in terms of providing planners
with policy‑relevant information on climate
change. By 1994 the IIASA‑developed RAINS
model had become the first computer model
ever to be placed at the center of negotiations
for a major international environmental
agreement (the Convention on Long‑range
Transboundary Air Pollution). And since the
beginning of the new millennium, we have
read of the many IIASA scientists involved in
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researching and writing assessment reports
for the Intergovernmental Panel on Climate
Change, the leading and most influential
authority in its field.
In addition to the scientists “on the ground,”
we see other important aspects of IIASA
through the pages of Options: loyalty to and
support for the Institute’s ideals on the part
of National Member Organizations, eminent
scientists (including Nobel Prize winners),
ambassadors, politicians, and, of course, the
involvement of the Federal Republic of Austria,
without whose generosity IIASA would be so
much the poorer.
Options chronicles the practical and
philosophical ups and downs typical of the
work of any growing organization over a
35‑year lifespan: the challenge of mastering
effective interdisciplinary study; public
funding cuts for pure science; the demise of
the East–West divide—IIASA’s original raison
d’être; the need to seek new directions; the
need to introduce more dynamic, fresh input
into an established research body; IIASA’s
entry onto the Information Highway, as the
Internet used to be called in 1994.
The style of Options has changed too
over the years, influenced, I suppose, by the
viewpoints of successive directors as well
as by advances in technology. It is the view
of this Director that, at a time of such huge
availability of and hunger for information,
Options must be an instrument for conveying
science—and, in particular, the advances
made by IIASA—to an increasingly informed
public and policy community. This succinct
and attractive presentation of our work
brings it to the attention of a greater number
of interested parties. And careful referencing
provides the opportunity to delve deeper into
the science behind the stories if the reader so
wishes. Past issues of Options are available
online at www.iiasa.ac.at/Options.
I hope you will enjoy reading some of the
excerpts from issues of Options dating back to
1977 and informing yourself about just a few
of our many, many accomplishments.
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brought about the Institute’s founding are
still prevalent, IIASA has achieved much
toward improving the political and scientific
responses to these issues and has forged a
reputation as a valuable contributor to science
and policy communities around the world.
[Options, Summer/Fall 1997]

IIASA was founded in 1972 on the principle
that global problems require global solutions.
Back then, advanced societies faced the
same global problems as we do today:
scarcity of energy and water, pollution of the
atmosphere, and climate changes.

Obergurgl, Revisited

Searching for global solutions to these
problems meant disregarding geopolitical
boundaries to bring together the best scientists
from both East and West. At a time when
East–West relations were still deeply frozen,
IIASA was able to bridge the differences.
Putting aside political ideologies, IIASA’s
international group of researchers have tackled
global issues from all geographical angles and
from a multidisciplinary perspective.
It was clear early on that scientists from
both sides of the bridge had a profound under
standing of the global nature and implications
of the problems linked to sustainability and
the human dimensions of global change.
“The global nature of every major problem—
energy, food supply, soil fertility, pollution,
resource distribution, climate, weather—all
these are global problems that cannot be
managed by any one nation; nothing will
work but international cooperation,” said
Philip Handler of the U.S. National Academy
of Sciences, one of the founding national
member organizations of IIASA, in a radio
interview shortly after IIASA opened its doors
in Laxenburg.
In that same interview Jermen Gvishiani,
one of the key Soviet figures in negotiating
the establishment of IIASA, underscored the
importance and effectiveness of creating not
only an international institute, but also one
that is nongovernmental. “It is important to
see interrelationships, interdependencies,
because all these problems are really complex.
That is why the founders of IIASA decided to
create such an international, interdisciplinary,
and at the same time nongovernmental
institute to have an independent expert
assessment of these problems.”
Although the societal problems that
www.iiasa.ac.at

On 16 January 1973 an
agreement was signed between
the Federal Republic of Austria
and IIASA on establishing the
legal position of the Institute
in Austria and providing for the
renovation of Schloss Laxenburg,
a former Habsburg palace,
by the Austrian authorities.
(From the left: Professors H. Raiffa
and J. Gvishiani, on behalf of IIASA;
the Governor of Lower Austria,
Oek.Rat A. Maurer;
Dr. H Firnberg, Austrian Minister
of Science; Professor E. Schmid,
President of the Austrian Academy
of Sciences; and Dr. F. Slavik,
Lord Mayor of Vienna.)

Obergurgl in 1978

2,000 meters high in the Tyrolean mountains,
Obergurgl used to be one of the poorest villages
in the region. But with the advent of tourism,
money started flowing into the village, hotels
were constructed, the population increased,
and people moved from agriculture to the new
industries. Although agriculture had shaped
the typical Alpine environment that attracted
the tourists, many farms were in danger of
being abandoned.
In 1974 IIASA’s Ecology Project was asked to
assist scientists from the University of Innsbruck
in taking a systems view of the environmental
impacts of tourism on Obergurgl. In two
workshops, scientists from IIASA and Innsbruck
University worked with residents to create a
first version of the “Obergurgl Model,” which
enabled local decision makers to see—among
other things—some of the results of a rapid
growth in tourism on the fragile Alpine
environment: disruption of an extremely
sensitive environment; “overpopulations” of
tourists, leading to a decrease of tourists in
later years; and finally lack of jobs, causing a
wave of out‑migration.
In 1975 IIASA handed over the model to
the scientists of Innsbruck University, who con
tinued the studies. Though initially skeptical
about the activities of the scientists, the
“Obergurglers” are now actively cooperating
with the researchers, studying local fauna
and flora, and monitoring ground erosion
caused by touristic activities. Possibly most
important, they have realized the overriding
importance of agriculture for their valley
and have launched a subsidy program for
members of the community still engaged in
this occupation.
[Options, Summer 1978]
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The Origins of the YSSP
The Young Scientists Summer Program
(yssp), founded in 1977, was inspired by
two things: the Institute’s desire to develop a
new generation of scientists who would carry
forward the international, interdisciplinary,
and applied approach that was being
developed at IIASA, and the experience of
IIASA’s second director in a similar program
at the RAND Corporation.
One of the principal problems the Institute
faced in its early days was the scarcity of
researchers with practical experience in
“systems analysis” of the kind IIASA was
trying to apply. In fact, only a handful of
scientists worldwide had international
systems analysis experience—principally
in militar y issues. Thus, the Institute
recruited established scientists with strong
disciplinary research backgrounds and built
interdisciplinary, international teams that
worked on policy‑relevant problems.
The results were mixed: it is difficult for
experienced scientists, nurtured in their
specific research paradigms to develop new
approaches in mid‑career. The Institute
needed to foster an international cadre of
young researchers who would invigorate the
developing discipline of international and
applied systems analysis.
Roger Levien was confronted with this
problem when he became the director of
IIASA in 1975. He brought with him his
own experience as a young scientist when
he was a “test case” for a graduate student
program at the RAND Corporation. He spent
three months at RAND absorbing its systems
approach, interdisciplinary style, and focus on
real policy problems. The experience changed
his career—and life—plans. While doing
his PhD at Harvard, he returned to RAND
for two more summers to a full-fledged
summer graduate program, then joined
RAND full‑time.
When Levien was appointed director of
IIASA, it seemed to him that a similar program
could help attract young scientists from many
countries to the field of international and
applied systems analysis—and, eventually,
to IIASA or to organizations within its
research network.
The Graduate Students Summer Program
began in summer 1977 with 13 participants
from five countries. The students found the
experience enriching and the program to
have great potential. They expressed hope
that it would continue. The supervisors found
the students to be bright, enthusiastic, and
productive.
 options + Anniversary Issue: 35 Years of IIASA

Roger E. Levien and the
1979 “YSSPers.” Roger Levien
was Director of IIASA from
1975 to 1981.

UPDATE YSSP continues strongly, with 50 young
scientists each year from an average of 25 countries
attending this innovatory IIASA program.

With three years of positive experience and
Council support, Levien decided to formalize
and publicize the program more widely.
His assistant, Gennady Potemkin, pointed
out that many of the previous participants
were not formally “graduate students,” but
rather “young scientists.” They agreed to
modify the program’s name. Gennady soon
returned with a draft brochure entitled:
“Summer Program for Young Scientists.”
Levien took one look and told him the title had
to be changed. The acronym—SPYS—simply
would not do for an institute dedicated
to breaking down Cold War barriers! So it
became “Young Scientists Summer Program.”
And YSSP it has remained.
[Options, Autumn 2002]

IIASA’s Fifth Anniversary
Among the many messages from
Heads of States and Governments
reaching IIASA on the occasion of its
fifth “birthday,” 28 November 1977
“As IIASA enters the next exciting stage of
its development and brings to the world the
first results from this unique experiment in
international scientific collaboration, I am
happy to assure you of the continuing support
and encouragement of the United States.”
Jimmy Carter, President, USA
“At the present time, international cooperation
is an objectively necessary precondition for
solving global problems; and the establishment
of international teams of scientists and
the development of mutually beneficial
scientific and technological cooperation on
a multilateral basis seem to be promising
forms of such cooperation. This is confirmed
by the very fact of the creation and successful
work of the International Institute for Applied
Systems Analysis.”
The Council of Minister of the USSR
[Options, Winter 1978]
www.iiasa.ac.at
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Expect the Unexpected
In 1975 a new research field, Adaptive
Ecosystem Policy and Management, was
founded at IIASA based on the results
of a study relating forest conditions to
pest propagation with implications for
forest management policy across North
America and Scandinavia. Three years later,
its project leader, C.S. Holling, and his
colleagues published Adaptive Environmental
Assessment and Management, co-sponsored
by IIASA and UNEP, which documented
their new approach to the dynamics of
ecosystems.
The ground-breaking book elucidated
for the very first time the vital importance
of an adaptive rather than a reactive
approach to environmental planning and
management—in effect, that systems must
take uncertainty into account rather than
eliminate it. “If surprise, change, and the
unexpected are reduced,” the book warns,
“systems of organisms, of people, and of
institutions can ‘forget’ the existence of limits
until it is too late.”
An encounter with a crocodile on a
mountainside may not be very likely, but
nature is full of surprises. And, when
environmental management fails to allow for
them, the results can be disastrous.
A number of environmental experts
now believe that adaptive environmental
assessment and management is the most
promising approach to environmental
problems yet to be devised. Its champions say
the approach offers effective and relatively

www.iiasa.ac.at

C.S. Holling is a Canadian ecologist
who researched at IIASA during the
1970s and served as the Institute’s
Director from 1981–1984.

UPDATE Since the 1970s, adaptive management
has been most frequently applied in fishery
management in Australia and North America.
IIASA has continued to pioneer research in
ecology—most recently in the evolutionary
implications of modern fisheries in its Evolution
and Ecology Program.

IIASA worked with scientists and forest
managers to design ecological policies to control
the spruce budworm ( inset ) which periodically
devastates large areas of coniferous forests. The
large photo shows various spruce budworm egg
masses—from left to right: parasitized, dead,
hatched, and unhatched.

inexpensive assessment procedures for
determining the impacts of environmental
proposals. And after programs have been
initiated, it apparently keeps management
flexible.
The approach evolved from research on
renewable resource problems in different
national settings—pest management systems
in Canadian forests, disease control in
Venezuela and Argentina, range and wildlife
management in the USA, oceanographic
problems in Europe, ecological process
studies in the USSR, and others, the findings
of which form the basis of Holling’s book.
The research and techniques were also
summarized for readers from government
and industry in IIASA’s first Executive Report,
Expect the Unexpected.
According to the executive report, adaptive
environmental assessment and management
brings together representatives of the con
stituencies directly involved to respond
to environmental problems. Change is an
integral part of the program from the earliest
planning stages, setting the stage for an
ongoing, evolving program rather than a
one-shot attack on the problem. Knowledge
acquired in efforts to assess, regulate,
manage, and monitor man’s environmental
impact is used to improve these efforts.
To keep the proceedings open to change,
the adaptive approach depends on close
interaction among people. As the adaptive
approach is meant to resolve conflicts,
agreement is not sought at the outset. Open
discussion among individuals representing
possibly conflicting factions promotes the
development of programs that are both
workable and flexible, and external experts
occasionally participate in the workshops to
offer fresh views and objective evaluations
of the progress.
Flexibility is also encouraged by keeping the
accumulation of data to an essential minimum.
This information is converted into one or more
computer models. Then, as key links between
factors are identified, needs for new data to
define these relations more precisely are likely
to emerge. Alternative models can be tested
and recommendations made.
The process involves continuing interaction
among managers, experts, and analysts. Upon
completion of the project, the managers
return to their organizations with a set of
well-articulated plans. Then monitoring
begins, allowing management to evaluate
the program continually and adjust to the
unexpected when it occurs.
[Options, Autumn 1978]
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On Energy and Agriculture
Primitive hunter–gatherers worked
around two days a week and spent the rest
of the time resting or socializing. The ratio
of the energy in the food they gathered to
the energy they expended was very high, at
around 50.
Three‑quarters of humanity still farm in a
way only marginally different from farming
in Paleolithic times. The remaining quarter,
aided by the introduction of fossil fuels a
century ago, use machines, such as tractors,
and synthetic chemicals on a large scale to
intensify crop production. The price paid,
however, has been a disproportionate increase
in the amount of energy expended per unit of
food produced—from 50 in ancient times to
about two on average in times of “modern
agriculture.” Many fairly important crops fall
below this average; a noteworthy case is the
expenditure of 100 calories of fossil fuel to
produce one calorie of lettuce!
Animals have always been the companions
of homo agricola serving two basic functions:
transforming and storing food. However,
every time we filter energy through a
transformation—here, a level in the food
chain—the rule of thumb is that we lose one
order of magnitude of nutrition. In this case,
the loss is in the energy and protein value of
the carcasses with respect to fodder input.
Despite improved feeding strategies we still
need an input of more than 10 calories of
fossil fuel to get one calorie of beef.
The threat for agriculture, if not in the very
short term, is quite visible, and agricultural

Dr. Cesare Marchetti joined
IIASA’s Energy Systems Program
in January 1974, researching
ways of detecting mechanisms
in energy systems and solving
problems through geoengineering.

practices must react appropriately to delay
(if not avoid) it. The increase in human
population is expected
to reach six billion in
the year 2000, with
a ceiling of perhaps
12 billion by 2050. If
six billion people insist
on living in their cars
and eating meat from
their refrigerators, no
land will be left—the
attraction of this way of
life seems irresistible.
M e a n w h i l e, i m ‑
proved tractors,
low‑tillage techniques,
hormonal herbicides
and pesticides, and
extended capacity for
nitrogen fixation have,
together, a potential
for reducing energy consumption in agricul‑
ture and bringing the energy ratio back to
the safer level of 10 to 20.
One point, which is beginning to receive
some attention, is the use of farm and forest
waste as food. Total world food production
amounts to less than one billion tons of coal
equivalent per year; farm waste amounts to
about three billion, and biomass production
in forests to about 50 billion. Forests may
constitute an almost inexhaustible resource, if
an ingenious way of exploiting their biomass
can be found.
[Options, Issue 2, 1979]

IIASA Pays Its Debts
In a small ceremony at the IIASA Schloss
Restaurant, the Institute paid its debts to
the Federal Republic of Austria; the sum
of ten Austrian schillings was presented to
Dr. Hertha Firnberg, Austrian Minister for
Science and Research, by IIASA’s Director,
Dr. Roger E. Levien, “in settlement of the
symbolic rent of Schloss Laxenburg for the
years 1973 to 1978.” Schloss Laxenburg has
been generously restored for IIASA’s use by
the Austrian authorities. It has so far been
renovated in two sections, each of which
is rented by the Institute for the symbolic
amount of one Austrian schilling (US$0.1)
per year. The third and final stage of the
renovation of Schloss Laxenburg—a new
conference area integrated into a baroque
theater—will be completed by the end of
the year.
[Options, Issue 2, 1979]
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World in Transition

Part of an address by IIASA’s Founding
Director, Professor Howard Raiffa,
in May 1980

Part of an interview with IIASA
Chairman, Gvishiani, on Austrian Radio
to mark the IIASA Conference ‘80

“…We have something precious here;
something vastly different from other
institutions. My fervent hope is that we will
not lose perspec tive,
that we will continue to
nurture IIASA, despite
the troubling time in
the world. IIASA, being
nongovernmental, being
multi -national, should
remain a fixed point
within a turbulent sea.
IIASA has a mission:
to continue to b e;
to co nt i nu e to l o o k
ahead and anticipate the
problems of the future;
to identify what the real
problems of the globe
are, and not to get caught up in the hopefully
ephemeral disputes of the superpowers.
I must confess that I am not sanguine about
the future—I am talking now about the
world, and not about IIASA. We seem to be
in a world of tribal confrontations and now
in 1980 most of these tribes can only hurt
each other. But technology marches on, and
in 25 or 50 years, almost a blink of an eye
in an evolutionary time scale, these tribes
will be able to create devastating damage
not only to each other but to the world
onlookers. There is just not enough time
to get our world house in order; to learn
ways for more amicable, rational conflict
resolution.
It is ludicrous to think that any single
institution like IIASA could solve these
problems. But still IIASA may make a
difference. IIASA is now, at this very minute,
making a difference. Just the very fact of
our being here and having this conference
is important on the international scene.
So let’s not falter.”
[Options, Issue 2, 1980]

Question: What in your opinion will be the
main problems we will face in the next 20 to
50 years and which we shall have to solve
one-way or other?
Academician Gvishiani: “I think the
increasing anxiety over unexpected changes
which might take place is an important fact
in today’s society, and the International
lnstitute for Applied Systems Analysis is trying
to work out methodologies to penetrate
deeper into the essence of those qualitative
changes that will inevitably take place.
Basically, this is what used to be called by,
for instance, the Club of Rome, the “Global
Problematic”. I would not say that there is an
agreed list of problems, but these concerns
are related to the increasing population,
the increasing scarcity of natural resources,
problems of energy, problems of water,
problems of atmosphere pollution, and
possible climatic changes. All these things
reflect that the power of man, the increasing
impact of human activities on the natural
habitat, has reached such large proportions
that it really can lead to possibly irreversible
changes in the life of the planet. That is
why it is important not only to understand
some of those potential perils in isolated
form but also to see the interrelationships
and interdependencies,
because all these
problems are truly
complex. They cannot
be understood on the
basis of traditional
methodologies; rather a
more complex approach
is necessary. That is why
the founder s of this
lnstitute decided to create
such an international,
interdisciplinar y, and
at the same time nongovernmental institution,
to have an independent
expert assessment of what these decisive
processes are. Everybody today agrees that
changes are already taking place. But to
understand the dramatic consequences of
those changes and to direct the activities in
the proper directions is, I think, a decisive
factor in the activities of the Institute in
Laxenburg.”
[Options, Issue 2, 1980]

Professor Howard Raiffa
served as IIASA’s first director
from 1972 to 1975.

Academician Jermen Gvishiani,
Chairman of the IIASA Council
and Deputy Chairman of the
State Committee for Science
and Technology of the Council
of Ministers of the USSR,
one of IIASA’s founding fathers.
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Energy in a Finite World
The good news from IIASA’s large-scale
international study of the prospects of
meeting global energy needs over the next
50 years is: “It could be done.”
The study’s ‘not‑so‑good’ news is that to
meet the growing worldwide demand, full
use of all available energy sources—oil and
gas, solar, renewables, and nuclear—will be
necessary. Dirtier and more expensive fossil
resources and vast quantities of synfuels will
have to be developed, as well as large-scale
solar plants and nuclear breeder reactors.
Small‑scale solar and renewable resources will
also play a growing role, but can only satisfy
a modest fraction of the total demand in the
next century.
The IIASA analysis is the first truly global
and long-term study of future energy,
and the first in which scientists from East
and West have collaborated. By using a
consistent model of worldwide energy
supply and demand, it avoids the common

tendency of separate national studies to
assume that sufficient imports will always be
available, without comparing the demands
of all countries against the likely supplies.
By looking fifty years ahead it accounts for
the time it takes for the energy system to
undergo fundamental changes.
The principal goal of the study was to
identify strategies for the transition from a
world reliant on oil and gas to one supplied by
sustainable sources of energy. But the original
expectation that this could be accomplished
within the 50‑year horizon of the study
turned out to be too optimistic. Instead, the
 options + Anniversary Issue: 35 Years of IIASA

Professor Wolf Häfele

IIASA group found that two transitions will
have to take place. The first, from relatively
cheap and clean conventional sources of
oil and gas to more expensive and dirtier
unconventional ones will continue through
2030. The second, to the essentially infinite
supplies of solar, nuclear, and renewable
energy will not be completed until late in the
next century.
The analysis, however, is not entirely
convinced that the promising paths will
actually be followed. The authors note:
“At the very least, it will require that national
energy policies, corporate energy policies,
and personal energy behavior be conceived
with as clear an understanding of their
relationship to the global energy problem as
possible. We cannot isolate ourselves.”
Moreover, all future energy paths have
their costs: lower energy use could result
in severe economic difficulties; higher
energy use allows for greater economic
development, but poses more serious
environmental dangers. The authors warn
that increased use of fossil fuels could be
constrained by the resulting CO2 releases
into the atmosphere, which some scientists
believe will lead to climatic changes.
As Professor Häfele, IIASA’s then Deputy
Director and Leader of the Energy Systems
Program, put it: “It could be done, but only
with pain and at high cost. However, if we
fail to meet the challenge of the energy
squeeze within the next couple of years,
we may have to pay a much higher price in
the long run. Time is our most scarce and
valuable resource.”
In 1981 the results of the seven‑year
investigation Energy in a Finite World was
published by Ballinger Publishing Company
in a volume subtitled Paths to a Sustainable
Future. A second volume, subtitled A Global
Systems Analysis , contains the detailed
technical analysis.
[Options, Issue 1, 1981]

UPDATE Since this first truly global assessment
of energy issues, IIASA and international partners
have conducted a range of influential energy
assessments. Most recently in 20 07 IIA SA
launched the Global Energy Assessment, a major
initiative seeking to redefine the global energy
policy agenda.
www.iiasa.ac.at
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Aging Populations
AND Heterogeneity

Winners and Losers OF
Free Trade in Food

Population’s problems are as old as the
human race. One aspect of population, which
is already changing the economic and social
structure of human society, is the balance of
age groups. In developed countries, advances
in medical research are enabling people to live
longer, while a falling birth rate means that
fewer young people will be available to work
to create the wealth required to support an
enlarged older generation in their retirement.
In all IIASA member countries the population
is aging, which will increasingly have major
consequences for society, economy, and
health.
What happens, for instance, to oldage pension schemes and other social
arrangement s as both mor talit y and
birth rates fall and the relative number of
workers declines? All industrial societies
are encountering difficulties because of the
growing ratio of older unemployed persons to
those active in the labor force. Children have
traditionally provided many of the services, as
well as material and moral support, for aged
parents, but changing patterns of fertility,
marriage, and divorce are altering the family
networks on which older generations have
usually relied.
Changes in fertility, migration, marriage,
divorce, and mortality are radically altering
population structures in nearly all countries.
Over the next few decades:
 The biggest changes in economic patterns
will result from the changing distribution of
the world’s population and the changing age
distribution of populations. This will clearly
be a vital factor in strategic industrial and
commercial future planning.
 The biggest environmental changes
will result from changes in the size, age and
geographic distribution, and the health of
human populations. People are a key part
of the environment, and the environment
affects people. Environmental changes will
also affect animals and plants, and the study
of these changes must include population
analysis as well.
 The biggest social and political changes
will result from the changes in the international
distribution of population and changes in the
age distribution of the population at national
level. In IIASA member countries, the rapid
growth of older people in the population
will fundamentally alter patterns of work,
education, leisure, the nature of society, and
functions of government.
[Options, September 1985]

The report Towards Free Trade in
Agriculture, prepared for IIASA by
K.S. Parikh, G. Fischer, K. Frohberg,
and O. Gulbrandsen, was published by
Martinus Nijhoff Publishers (part of the
Kluwer Publishing Group) in 1988.
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UPDATE From Europe’s pension time bomb to
education as the key to global development,
IIASA’s demographers have used their state of
the art methodology to improve how our countries
plan—work that continues to this day.

The issue of agricultural tariffs and subsidies
is at the heart of the disagreement among
members of the General Agreement on Tariffs
and Trade (GATT) that resulted in an impasse
at the most recent set of negotiations in
Montreal at the end of 1988. The negotiations
are to resume in 1989. Proposals range from
complete removal of all protective measures
over a limited time period to maintaining the
current system with minor adjustments.
According to analyses made using IIASA’s
global model of food production and trade
and published in the IIASA report, Towards
Free Trade in Agriculture, the benefits of freer
trade in most developed countries would
result mainly from the elimination of costly
subsidies and a reallocation of resources to
other sectors of their economies. Any decrease
in agricultural production and income would
be more than offset by gains in these other
sectors. Higher world market prices could be
a benefit for developing countries that export
agricultural products, but would constitute
an extra cost to consumers in developing
countries importing food.
The report concludes that compensation
for farmers in OECD countries whose
incomes may be reduced by freer trade may
become “politically necessary” and “socially
justifiable.” It also recommends that the
interests of developing countries should be
represented in current GATT Uruguay Round
negotiations on agricultural trade policy.
[Options, March 1989]

While hunger and
malnutrition are endemic
in many countries, the
world’s granaries are
bursting with nearly
400 million tonnes of
surplus grain. For rational
domestic reasons,
national governments
collectively spend upward
of $120 billion a year
in perpetuating excess
production, compounding
the problem of what to
do with the surplus.
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Water Resources Research
The research carried out by IIASA in
successive projects on water resources has
had a profound influence not only on the
day‑to‑day thinking of policymakers but on
the tools and methods currently used by
water managers in many countries.
IIASA has given direct help in solving
real‑world water management problems, for
example, the eutrophication of Lake Balaton
(Hungary) and the flooding along the shores
of Lake Como (Italy).

Flooding on the main square of Como
in summer 1983.

UPDATE In 20 07 II A SA held a Water Day
to show the range of water science activity at the
Institute, from irrigation and climate change to
improving water management policy in Mexico.

“Only an international, interdisciplinary research
institute like IIASA can bring together experts
from numerous disciplines and countries to
effectively examine the global challenges facing
our world. I only regret not having more time to
spend at IIASA.”
Paul Crutzen
Nobel Prize (Chemistry), 1995

At the beginning of the Balaton study in
1978, the lake was already showing signs of
accelerated eutrophication. A 10–20‑fold
increase in tourism, increased fertilizer use,
and many other factors over the previous
20 years had contributed to “hypertrophic”
levels of nutrient pollution from sewage and
agricultural runoff in the most affected parts
of the lake, resulting in foul water, fish dying,
and reedbeds being destroyed.
A s the long-term solution was too
expensive to be implemented immediately,
IIASA advised that a tertiary sewage treatment
plant be built at Zalaegerszeg, the largest
city on the Zala River in West Balaton. This
measure interrupted the eutrophication
of Lake Balaton, pending longer-term
engineering solutions. IIASA’s contribution
was not only effective, but timely.
The building of a dam at Olginate in 1946
to regulate the water levels of Lake Como had
greatly benefited downstream users, such as
farmers and utility companies. In the first 25
years of the dam’s operation, the town of
Como at the south-western edge of the lake
had suffered only three floods lasting more
than five days. Between 1972 and 1981,
there were 10 such floods. Moreover, the
main square in the town of Como had begun
to subside and by 1980, just before IIASA’s
study, was 60 cm below its 1946 level.
IIASA advocated a more active water
management policy, with more extensive use
of the reservoir’s active storage and the dam
gates being fully opened before the upper
limit is reached. IIASA developed a computer
program for an improved operating rule and
the model was used by the reservoir manager
to support his daily decision on water release.
While these measures improved the situation
considerably, flooding still occurred and
IIASA estimated that if the square subsided
by another 20 cm, Como would be flooded
for 20 days each year. If, however, the square
were raised to its 1946 level and the new
operating rules applied, flooding could be
limited to an annual average of less than
one day.
The Italian Ministry of Public Works
acted on IIASA’s recommendations. Como
still floods during extreme weather, but the
extent of flood water and the duration of
flooding have been greatly reduced.
[Options, November 1988]

Paul Crutzen is an IIASA scholar and has been a member
of IIASA’s Steering Committee on Global Environmental
Change since 1994.
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Sustainable Development
In the mid-1980s IIASA’s Environment
Program turned its attention to studying the
interactions between development and the
environment. The resulting project, known
as Ecologically Sustainable Development
of the Biosphere, focused on issues from
a long-term, global perspective that were
not adequately examined in most national
programs.
Under the leadership of Dr. W.C. Clark,
now a Professor at Harvard University, the
project brought together an international
network of research institutes ranging from
Yale University (USA) to the Institute of
Geography of the USSR Academy of Sciences.
The researchers sought to identify the
processes that are most likely to compromise
the long-term sustainability of development
of the biosphere, and to devise appropriate
technological strategies and institutional
structures to deal with these threats.
To he lp guid e the proj e c t , I I A S A
co mmis sio ne d 16 e s s ay s w rit ten by
some of the world’s leading scholars of
environment–development interactions.
The authors represented the academic
disciplines from economists to geographers
to climate specialists. At a workshop the
authors, scientists and policy advisers from
16 countries extensively reviewed the essays.
The resulting papers along with critical
commentaries were published as a book,
Sustainable Development of the Biosphere,
in 1986. It was quickly accepted by the
science community as the core scientific text
on sustainable development.
The project at IIASA continued until
1988 investigating questions such as: What
are the most serious constraints to future
improvement of human well-being that could
result from the interactions of economic
development and the natural environment
over the next century? Conversely, what
concerns now being debated are likely to
be of only minor long-term, large-scale
significance?
[Options, December 1985]

Atmospheric Pollution
Attacks Europe’s Forests

Published in 1986, IIASA’s book,
Sustainable Development of the
Biosphere, still has enormous
influence on science and
policymaking communities.

UPDATE The Brundtland Commission is commonly
credited with having coined the phrase “sustainable
development” in 1987. Interestingly, IIASA’s
influential book, Sustainable Development of the
Biosphere, predated the commission by a year.

UPDATE The European Union considers the
continent’s successful battles against air pollution
and forest decline as driving forces behind closer
cooperation among Europe’s countries and the
development of the European Union itself.

www.iiasa.ac.at

At an InterAction Council meeting in
Poland, Professor Sten Nilsson of IIASA’s Forest
Study (part of the Biosphere Dynamics Project
of the Environment Program) advocated the
formulation of a convention on forest decline
in Europe. This recommendation comes in
response to growing concern about damage
to European forests attributed to air pollution
and as a result of intensive collaboration
between IIASA’s Transboundary Air Pollution
Project and the Forest Study in efforts to
quantify the problem.
Combining its unique database on forest
resources in Europe with projections on
forest soil acidification obtained using RAINS
(IIASA’s Regional Acidification Information
and Simulation model), IIASA’s Forest Study
quantifies the impact of air pollution on
Europe’s forest resources.
Some questions have already been
answered. The work reveals that 35 percent
of Europe’s coniferous forest and 9 percent
of its deciduous forest areas are affected by
nitrogen deposition levels (caused by nitrogen
oxide emissions) in excess of those established
by the Economic Commission for Europe
(ECE). In addition, 79 percent of Europe’s
coniferous forest areas and 39 percent of its
deciduous forest areas are currently affected
by levels of sulfur deposition in excess of the
targets set by the Beijer Institute.
Excess deposition of acids and exposure
to atmospheric pollutants will damage trees
of different types and ages, resulting in leaf
and needle loss. Because the health of a tree
affects its growth rate, and both this and life
expectancy affect the value and timing of
harvests, these calculations are important for
forest industries, as well as from an ecological
perspective.
Despite current agreements on reducing
emissions levels, the area of forest likely
to be affected by excess sulfur deposition
in the future is unlikely to change unless
planned expenditures on emission control
are increased or reallocated. Moreover, the
work reveals that many of the areas likely
to suffer from excess sulfur deposition will
also experience excess nitrogen deposition
and troubling levels of atmospheric ozone.
This implies that many trees will suffer from
multiple pollutants.
[Options, September 1989]
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1990 Nelson Mandela Freed | Hubble Telescope Launched Into Space | World Wide Web Debuts, Popularizes Internet 1991 Operation Desert Storm | China Accepts Nuclear

Sizing up the New Germany

Russia’s Pension Problems

Two IIASA demographers, Gerhard Heilig,
from the Federal Republic of Germany
(FRG), and Thomas Büttner, of the German
Democratic Republic (GDR), are drawing
on data previously unavailable to compile a
detailed demographic analysis of a unified
Germany. Their research has already yielded
a broad outline of the new Germany, and
allowed them to pinpoint some of the
opportunities and problems that lie ahead.
Unification will not create a demographic
superpower, but it will reinforce FRG’s position
as the most populous country in Europe. The
GDR is almost half as large in area as the FRG,
but with 16 million people, it has only a quarter
of the population. Indeed, the population of
the GDR has shrunk noticeably over the past
40 years, primarily because more than a fifth
of the population left the country. Still, the
combination of the two countries will place
Germany ahead of other major European
states, making it some 20 million larger
than Italy (57 million), the United Kingdom
(57 million), and France (56 million).
The demographic differences between
East and West are dramatic. The GDR
generally has a younger society, especially
in rural northern areas. Young people
in the GDR marry earlier and have more
children, in part because of government
incentives to do so. The result is that for
each 100 adults in the East aged 15 to 64,
there are 37 children under 15; in the West,
there are only 28.
The opening of the GDR’s demographic
data presents an opportunity to review a
unique experiment in social engineering.
Alarmed by falling birth rates, GDR officials
in 1972, 1976, and again in 1986 introduced
substantial incentives to encourage young
people to marry and have children. For
instance, young people encountered great
difficulty getting an apartment unless they
were married and had at least one child.
“The GDR is one of the few developed
countries that really tried to influence
population through policy measures,” says
Heilig. “Now we can study the response.”
[Options, June 1990]

IIASA scientists working on Soviet popu
lation trends offered Soviet Deputy Prime
Minister, Nikolai Laverov, who visited IIASA last
December, with “rough information, … a crude
macro‑perspective” on Soviet pension
problems. It was accepted and within two
months, even though only few economic
statistics were available, Laverov had the
report in his hands.
With Soviet society aging rapidly, IIASA
scientists estimated that by 2049, other
factors remaining the same, state pension
costs would rise some 50 percent. Retirement
ages (54.2 for women and 58.4 for men) rank
among the lowest in the world since 1950.
The IIASA study indicated that a five‑year
increase in the official retirement age could
maintain the current ratio of pensioners to
working‑age, wealth‑creating people.
However, national averages have little
significance, as growth is stagnant in
European republics, including Russia, and
soaring in southern republics like Uzbekistan.
The report recommended Soviet planners to
“consider differentiating the pension system
by republic,” although it was acknowledged
that this might not be successful due to
regional differences.
O ther recommendations included:
protecting certain jobs in which the elderly
could contribute; encouraging people to
work longer; encouraging private savings to
supplement state pensions; and encouraging
children to help retired parents. However, the
report concluded: “No feasible state security
scheme will do the whole job of ensuring a
good living for the old people.”
[Options, June 1990]
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The Berlin Wall:
A remarkable urban island

In 1979, there were on average
3.2 Soviets of working age for
each person over the official
retirement age (55 for women,
60 for men). By 1989 that ratio
had sunk below 3.0 to 1.0.
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Steps on the Road to
Economic Reform
The Soviet Union is facing a worsening
economic crisis that makes it essential to
implement market reforms, stabilize the
budget and credit, and open the economy.
During a visit to IIASA in late 1989, the
Soviet economist, Stanislav Shatalin, a member
of the USSR Presidential Council, asked
Friedrich Schmidt‑Bleek, leader of IIASA’s
Technology, Economy, and Society Program,
if the Institute could set up a mechanism
that would allow Soviet reformers to trade
ideas with leading Western economists. The
objective was to discuss what should be done

to solve the economic crisis in the Soviet
Union and, more generally, to consider one
of the great economic issues of our time: the
transition of formerly socialist countries from
central planning to market economies.
The resulting project on Economic Reform
and Integration (ERI) took shape quickly. It
was agreed to structure the project around
five working groups on capital market and
privatization; labor market and unemploy‑
ment; opening of the economy; economic
stabilization; and prices and competition.
Yale University economist Merton Peck was
asked to head the project, and Soviet econo‑
mist Petr Aven, an IIASA scholar, to act as
coordinator.
On 23 July 1990, Peck and Aven were
joined in Sopron, Hungary, by some 50
economists from the United States, Eastern
and Western Europe, and Japan, in addition
www.iiasa.ac.at

Tough reforms will be
needed in the Soviet Union
during the transition to a
market economy.

to about 15 Soviet experts headed by Eugeny
Yasin, department chief of the USSR State
Commission on Economic Reform. By all
accounts, the meeting that followed was
extraordinary. For two weeks some of the best
economists in the world discussed economic
reform openly. The 18‑page memorandum
produced by the group outlines reforms that
must be taken in the next few months, if the
Soviet economy is to halt and reverse the
economic collapse that is under way.
The time for careful sequencing of reforms,
according to the report, has passed. The
following five measures must be taken
simultaneously and, in view of the present
crisis, as soon as possible, that is, early 1991:
Liberalize prices Sellers need to set prices
that cover their costs and that equate
supply and demand which will eliminate the
need for subsidies and consumer lines. But
tough macroeconomic stabilization policies
are needed simultaneously to prevent
hyperinflation.
Corporatize enterprises Convert enter
prises to independent, self‑financing,
profit‑maximizing organizations, preferably
by transforming them into joint stock
companies with directors appointed on the
basis of competence. Demonopolize state
enterprises except certain monopolies such as
railroads or energy distributors, and privatize
small businesses by selling or leasing them.
Stabilize government spending and restrict
credit Reduce the budget deficit by spending
cuts rather than tax increases. Tighten credit
and set taxes as a percentage of product
prices to prevent erosion of real taxes as prices
rise. No index‑linking except for payments to
low‑income households and pensioners.
Moderate the social costs of unemployment
As reforms will a cause sharp increase in
open unemployment, offer unemployment
compensation to prevent severe hardships
for workers during the transition.
Open the economy to competition, both
internally and internationally Expose Soviet
firms to prices and quality standards of
foreign competitors; float the ruble to bring
about the depreciation required to attract
foreign firms and technology; and impose a
10 percent tax on imports.
We recognize, the report concludes, that
the solution will be painful and controversial.
Moreover, it is not possible to provide an
ironclad guarantee that these measures will
cure the nation’s ailments. But we can say with
confidence that allowing markets to direct an
economy offers the best hope for resuscitating
a sick economy and raising living standards.
[Options, December 1990]
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of the Cold War | Yugoslav Federation Breaks Up 1993 Earthquake Kills Tens of Thousands in India | Europe’s Maastricht Treaty Takes Effect, Creating European Union |

A memory of
George Dantzig

Interdisciplinary Analysis
Interdisciplinary study accepts the
world as it is, observes feedback, hierarchical
structures, relations that are essentially
nonlinear and that are not seen through the
prism of any one discipline. It is this pursuit
that characterizes systems analysis and
IIASA’s work in particular.
The ocean fisheries are an example of the
interaction between two systems where the
world fish market meets the biology of fish
reproduction. There is harmony between
the two as long as the population—and its
demand for fish—is satisfied with no more
harvest than the sustainable production of
the ecological system. Let that be exceeded,
and the fish population starts to decrease
due to overfishing; then, even without any
further increase in human population or
demand, overfishing will intensify in relation
to smaller fishery. Though fish are scarcer, the
higher prices may make them more interesting
to producers. Further capitalization in the
competition to catch what fish are left can
be a rational economic response. Depending
on how the price change compares with the
change in fishing effort, rising prices can bring
new competitors into fishery during the phase
of declining capacity of the biological system.
When fishery needs to recover, the market
urges more intense search and capture. The
interaction between rising prices and declining
supplies produces cumulative stress on the fish
ecology, among other effects, leading to the
capture of immature fish. If fishing is selective
for commercially usable species, these will be
replaced by unusable species.
After a certain phase in the decline in
productivity, it will no longer pay to go out to
sea, and the vessels will rust in the harbor. If
we were fortunate, commercial fish will have
found sanctuaries to hide in, so that recovery
can slowly take place. Under competitive
conditions a small recovery would make it
profitable for the ships to put to sea again,
and so with some oscillations, fishery would
continue at a low level of productivity. If
no sanctuary was found, fishery would be
permanently damaged. It would be damaged
despite a sanctuary, if the noncommercial
species got a head start and prevented the
recovery of the commercial ones.
[Options, June 1991]
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Nathan Keyfitz took over the leadership of
IIASA’s population activities in 1984, which
were then renamed the Population Project
(POP). Keyfitz, who was 94 in June, was one
of the first demographers to seriously study
the relationships between population and the
environment.

Professor George B. Dantzig, a distinguished
mathematician, was an IIASA alumnus and
established the Institute’s methodology
program. His personality and work greatly
impacted many scientists and research
institutions, including IIASA. He died in 2005.

The world market
meets the biology
of fish reproduction.

“Before George Dantzig arrived, Howard
Raiffa, IIASA’s first director, informed me
that he was a very famous scientist and that I
should be as cooperative as possible,” recalls
Ruth Steiner (the seventh person hired by
IIASA). “A few days later I received a call from
George with the following request: ‘In front
of my room is a truck that is very long. I cannot
imagine that it is advantageous to have such
a length. Could you please find out what is
in the truck, where it came from, what route
it took, and how it got around the corners.’ I
will never forget the truck driver’s face when
I asked him these questions, the answers to
which were: furniture from Salzburg; over the
autobahn; by backing up several times; and
two days. I passed the information back to
George, thinking that would be the end of it.
Some time later, George’s research assistant
called and informed me that the company
would have saved 40 percent of their costs
if they had used four smaller trucks instead.
I phoned the company with this information.
They thought I was out of my mind.”
[Options, June 1992]

IIASA Joins the
World Wide Web
Gopher, Web, Infobahn—the flood of new
jargon can be overwhelming, but in the end it
means the same thing: more people getting
access to more information, more quickly and
more easily than ever before.
IIASA’s latest venture onto the information
superhighway begins in September 1994
when the Institute joins the World Wide Web.
The first step will be modest, giving users
limited information about IIASA, some of its
research, and its publications. But in time the
Web will become one of the Institute’s main
connections to the world and a principal source
of information about IIASA and its work.
[Options, Autumn 1994]
UPDATE In 1999 IIASA’s Web site had 5 million hits,
in 2000, 15 million, in 2006, 32 million.
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IIASA Gets UN
Consultative Status
The United Nations has granted IIASA its
highest consultative status, Category 1, at the
1995 substantive session of the UN Economic
and Social Council (ECOSOC).
Granting consultative status means the
UN Council was confident that IIASA can
make significant, sustained contributions to
the achievement of UN objectives, that the
Institute is closely involved with the economic
and social lives of people in the areas it
represents, and that IIASA broadly represents
major segments of the populations of many
countries.
Among other privileges, IIASA may now
designate official representatives to UN
offices in New York, Geneva, and Vienna, can
propose agenda items, designate authorized
observers at meetings, and circulate relevant
written statements to the member states.
[Options, Summer 1995]

Mathematician Dr. Arkady Kryazhimskiy
has led IIASA’s Dynamic Systems Program
since 1996. The program underpins IIASA’s
research by keeping the Institute at the
forefront of dynamic systems modeling.

Modeling Uncertainty
If you build a mathematical model to
answer the question, “What is the cleanest
energy technology?” a so‑called deterministic
model will typically yield the answer—for
example—“solar power.” But without knowing
the future, investing all research resources in
solar power may represent too much risk.
Moreover, large-scale problems, such
as how to manage a nation’s economy,
energy policy, population, or environment,
share several general features—complexity,
dynamics, and uncertainty. Standard analytical
methods go a long way toward adequately
modeling complexity and dynamics, but
incorporating uncertainty presents additional
difficulties. Missing or inaccurate data,
errors in forecasting future data, external
uncontrollable occurrences, such as weather
or the actions of independent data—all
introduce uncertainty.
Ignoring uncertainty and its potential costs
can prove perilous, and to make decision
models effective, analysts must actively
take account of it. One promising way is
to model uncertain quantities by random
variables and to formulate the decision model
mathematically as a “stochastic optimization
problem.” Flexibility, the ability to respond
to an uncertain future, and the idea of
diversification as insurance against uncertainty
all emerge from stochastic models. We ask,
for example, “Which is the best mix of energy
technologies to protect the environment
www.iiasa.ac.at

Since 1987 Dr. Marek Makowski
has helped IIASA scientists develop
mathematical models to solve complex
problems. He currently leads IIASA’s
Integrated Modeling Environment Project.

UPDATE IIASA’s scientists continue to overcome
the problem of uncertainty in long‑term planning.
Most recently in a special issue of a prestigious
journal, IIASA researchers analyzed modeling
uncertainty in climate change analyses.

System complexity

and ensure sufficient energy?” rather than
“What is the cleanest technology?”
Uncertainty can be approximated in a
problem by constructing a finite number
of scenarios, a scenario being a set of
data that can be used in the model to fully
determine its output. Finding a solution that
suits many such datasets can produce an
approximate solution to the overall problem
of uncertainty. Fundamental questions
remain regarding the relationship between
these approximations and reality, however. In
particular, as the number of scenarios grows,
does the approximation touch upon the
real problem? Should analysts select sample
scenarios at random or determine certain
critical scenarios?
Using finite scenario approximations,
analysts can present decision makers with
several possible solutions, each produced by
a single scenario. But an implementable policy
may not result from such a multiplicity of
solutions. To narrow the field of possibilities,
the model can be modified until several
scenarios yield the same solution, the so‑called
coordinating solutions approach. This often
takes the form of adding costs and benefits
to a model to account for the hidden effects
of uncertainty. This approach is successful,
especially for large problems, as it allows a
problem to be broken down into subproblems
that are better understood and also provide
important insights into the structure of the
problem.
Clearly, although the techniques developed
at IIASA have been successfully applied to
a number of environmental problems, the
theoretical approaches and applications
mentioned here do not fully exploit the wealth
of possible questions. Optimization problems
appear over and over again in different
applications, and uncertainty is one of the key
difficulties in long‑term planning models.
[Options, Summer 1995]
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The RAINS Model
Some time in 1999, representatives of 35
countries plan to sign an agreement to
severely limit air pollution in Europe. The
agreement will constitute a further milestone
in efforts to protect Europe’s national
environment and the health of its people.
It will also be a milestone in the application
of science to international policy.
For the first time, negotiators have
addressed a complex range of related air
pollutants and problems jointly in one round
of negotiation rather than discussing them in
separate talks and protocols. This profound
change in approach has been possible only
because negotiators had the support of the

Dr. Markus Amann has
directed the development
of IIASA’s RAINS model
since 1991.

Evidence is mounting that,
for Europeans at least,
it might cost less to
clean up air pollution
than for it to continue.

“By attracting the best scientists from around the world,
IIASA is transforming our understanding of our changing
world. And by bringing the world’s most promising young
students to spend a summer at IIASA, the Institute ensures
the next generation of scientists is even better equipped to
solve the world’s problems.”
Thomas Schelling
Nobel Prize (Economics), 2005

sophisticated computer model RAINS—
the Regional Air Pollution and Simulation
model.
It is no exaggeration to say that without
a model like RAINS, the new multi-pollutant
agreement could not have been negotiated.
The cross-linkages among polluters, pollu
tants, and environment are numerous
and complex, and the range of possible
trade‑offs in the economy and environment
is potentially overwhelming. RAINS organizes
key information on science, policy options,
and costs in one package. It helps negotiators
avoid getting sidetracked in scientific minutiae
and allows them to concentrate on the search
for policies (or, more accurately, combinations
of policies) that provide the best balance
of environmental protection at the lowest
possible costs.
RAINS was the first computer model to
ever be placed at the center of negotiations
for a major environmental agreement:
the 1994 agreement by 35 countries to
limit sulfur dioxide emissions in Europe.
Subsequently, RAINS played a central role in
the creation of the European Commission’s
1995 Acidification Strategy. More recently,
it supported the development of new,
legally binding EU directives on air quality
and emissions; those directives should be
published in late 1998. And, as mentioned
above, RAINS is central to joint efforts by
EU member countries and the nations of
central and Eastern Europe to sign a truly
comprehensive agreement covering four
major pollutants.
With some 900 copies of RAINS delivered
to governments, private firms, academic
institutions and environmental NGOs in over
50 countries on four continents, RAINS is one
of the most successful integrated assessment
tools yet devised.
This role—helping governments to identify
scientifically sound, cost-effective policies to
combat air pollution—precisely fulfills the task
envisaged for RAINS by the IIASA scientists
who conceived the model in 1983.
[Options, Summer 1998]
UPDATE Today, IIASA’s RAINS model, which was
developed to cover greenhouse gases, continues to help
European policymakers clean up the continent’s air. The
model has also been extended to Asia to identify the
most cost‑effective approach to simultaneously tackling
air pollution and climate change in China and India.

Thomas Schelling, together with Israeli Robert J. Aumann, won
the 2005 Nobel Prize in Economics for “having enhanced our
understanding of conflict and cooperation through game‑theory
analysis.” During his years at IIASA (1994–1999), Professor Schelling
worked closely with several research areas, including our summer
program for young scientists.
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From Bikes to Bytes
Any realistic history of social and
technological innovation would consist
mainly of failures. Far more ideas are
proposed than ever realized, and even the
successes often turn out very differently than
initially perceived.
The bicycle is the most successful transport
technology in history, with currently more
than 100 million produced and sold each
year compared to fewer than 40 million cars.
But today’s bicycle, a safe and comfortable
means of transportation that just about
anyone can afford and ride easily, is very
different from its 19th century predecessors,
for example, the “penny‑farthing” which
was originally marketed to “young men of
means and nerve.”
Changes in how consumers use a tech
nology are as important as clever engineering,
if the technology is to be used widely and
fully exploited. Electrification in factories,
previously powered by steam distributed
from a central source, involved 50 years of
gradual organizational adjustments to make
improved use of the technology. In the 1920s,
when each machine was equipped with its
own motor, machines could be located to
optimize production rather than simplify
power transmission—and that power was
used only when needed.
Over the past 200 years technology has
moved us from the farm to the factory to the
Internet. Technology has done away with some
environmental problems (e.g., urban horse
manure), but has added others (e.g., urban
smog). If each horse had been replaced
by one car, the car would be considered
an environmentally friendly technology.
However, personal mobility has grown over
the last 200 years—in France, for example,
by a factor of 1,000–and the growth in
demand has overwhelmed any technological
improvements to reduce vehicle emissions.
And in spite of fuel consumption for U.S.
passenger cars declining by 30 percent since
1970, total carbon emissions have increased
by 20 percent because of the ever-growing
number of empty passenger seats in cars.
As the world’s population grows, we
cannot fully shield nature from human
intervention, but technological change can
relax our grip and lighten our tread on the
natural world. To guide policies in this direction
we will need better models of technological
change than we have today. Fortunately, we
possess extensive knowledge on patterns and
characteristic rates of technological change.
Improved models exist that enable a better
www.iiasa.ac.at

theoretical understanding of the cumulative
nature of technological change. Even newer
models are incorporating technological
change as an intrinsic factor.
Building on these resources, and upon
others not yet implemented or even
anticipated, researchers and model developers
can contribute significantly to ensure greater
synergy between improved human welfare
and a healthy natural environment.
[Options, Winter 1998]

China’s Changing Land
Technology and Global Change
(Cambridge University Press, 1998)
by Arnulf Grübler, now of IIASA’s
Transitions to New Technologies
Program, was the first book to give
a comprehensive description of the
causes and impacts of technological
change over the last 200 years.

UPDATE More than ever, new technologies
are demonstrating their potential to transform
society. IIASA’s Transitions to New Technologies
(TNT) Program, launched in 2000, is concentrating
on innovations in the fields of information,
communication, transportation and in energy
production.

UPDATE In 2004 IIASA completed a 30‑month
program, Chinagro, to provide policy decision
support for sustainable adaptation of China’s
agriculture to globalization.

Drawing upon improved and detailed
survey information by China’s State Land
Administration, a study by IIASA’s Land Use
Change (LUC) project has confirmed that the
amount of cultivated land in China is much
higher than has traditionally been reported
by the country’s State Statistical Bureau. At
the same time, however, China is actually
experiencing a progressive loss of farmland
as a result of economic and environmental
factors. LUC’s research has greatly improved
the understanding of the magnitude and
actual usage of farmland in different Chinese
regions between 1988 and 1995.
It is therefore of great concern to monitor
and understand the tendency of changes in
China’s cultivated land base and to increase
awareness by both the public and decision
makers of the urgent need to protect high
quality farmland in a period of social change
and rapid economic development. The best
agricultural areas in China are also the most
densely populated. Unchecked conversion
of farmland for infrastructure, industrial and
residential expansion in rapidly developing
regions may cause unnecessary and irreversible
damage to the agricultural land base.
[Options, Summer 1999]
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From Black Death
to Red Queen
Spectacular advances in micro- and
molecular biology were necessary before
scientists could appreciate the ferocious
battles that the immune system fights on an
almost daily basis against pathogen invaders.
Human immunodeficiency virus (HIV) patients
offer possibly the most telling example.
Full‑blown acquired immunodeficiency
syndrome (AIDS) develops only some 10 years
after infection. However, billions of free
virus particles are produced daily, usually to
be eliminated within a few hours by a still
tremendously strong immune system. As
HIV is particularly prone to mutation, new
variants constantly emerge during the hectic
replication of the virus. After some 1,500
generations of HIV, this diversity overwhelms
the immune response, which collapses.
Other parasites are prone to frequent
mutations: whichever multiplies fastest
has an advantage. But the race within the
host organism is only the first stage in the
parasite’s spread—also important is infecting

others, and it is the interplay between the
selective pressures within and between hosts
that regulates the pathogen’s virulence.
The virulence of infectious diseases changes
rapidly. Only one in 500 rabbits survived the
myxamotosis virus, intentionally imported to
Australia in 1950 to fight the uncontrolled
spread of rabbits. Soon, three out of four were
recovering. Many human infections exhibit a
similar trend toward harmlessness. For instance,
when syphilis first appeared in Europe, the flesh
literally fell off the victim’s body.
Epidemics, such as the Black Death—the
bubonic plague that killed more than a
quarter of Europe’s population in the 14th
18 options + Anniversary Issue: 35 Years of IIASA

Dr. Ulf Dieckmann of
Germany leads IIASA’s
Evolution and Ecology
Program.

“It takes all the running you can do,
to keep in the same place,”
the Red Queen said to Alice.
The Red Queen hypothesis is the
evolutionary favorite worldwide
as to why sex evolved.

UPDATE In 2007 IIASA’s Evolution and Ecology
Program’s research into evolution continued
apace, including the evolutionary implications of
modern fisheries, the evolution of cooperation,
and the evolutionary dynamics of ecological
food webs and communities.

century—destroy their own resources and
eventually are unable to find new victims,
thereby effectively destroying themselves. For
a while, this tendency was deemed universal
law: obviously, parasites prosper if they can
take longer-lasting advantage of their host.
Unfortunately, this view turned out to be
overly optimistic.
Mathematical models have shown that
natural selection among microparasites
tends to maximize the average number of
infections caused by one infected host in an
otherwise uninfected population. Obviously,
natural selection not only motivates the
pathogens but the immune systems of their
hosts as well. Every new infection in the
host organism causes a frantic search for the
most appropriate antibody among tens of
thousands, followed by its mass production.
Usually this type of immunity cannot be
inherited, but those genetic immunotypes
that react best against prevailing infections
will spread from one generation to the next.
That the evolution of immune responses
can keep up with that of pathogens seems
like a miracle. Sexual replication offers the
most important defense of hosts against the
speedy adaptation of parasites, because it
mingles the parental immunotypes in evernew recombinations. Does this explain the
evolution of sexual reproduction? As the
Red Queen, a character in Lewis Carroll’s
Through the Looking-Glass, says—in her
country, “it takes all the running you can
do, to keep in the same place.” According to
the Red Queen hypothesis, the evolutionary
favorite worldwide as to why sex evolved,
organisms have to run to try to improve (and
the development of sex would be one way
of accomplishing that).
Thus, choosing a mate whose immunotype
is as different as possible from one’s own is
profitable in terms of ensuring healthy future
offspring. Experiments have shown that
sexually reproducing populations actually
adapt this strategy when they select mates.
For example, female mice favor males with
a different major histocompatibility (MH)
complex, an important part of the immune
system, using their sense of smell to identify
them.
Even more remarkable, an extremely
simple experiment has shown that humans
can distinguish the smell of complementary
MH complexes. Young women, asked to rate
the smell of T‑shirts that had been worn by
male test subjects for several nights, showed
a significant preference for the scent of men
who had complementary MH complexes.
[Options, Spring 2000]
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Carbon Accounting and
the Kyoto Protocol
The 1997 Kyoto Protocol commits the
industrialized countries—so‑called Annex 1
nations—to reduce their net emissions of
greenhouse gases from 2008–2012 by 225
million tons of carbon (tC) from the 1990 level
of 4,350 million tC.
To make target reductions more feasible and
cost-effective, the Kyoto Protocol allows Annex 1
countries to offset their fossil fuel emissions by
deducting the presumed savings that would
result from creating biological sinks for carbon.
The eligible approaches (termed “Kyoto
activities”) may include planting new forests,
reforesting clear‑cut areas, cutting down
unhealthy forests, and other agreed land‑use,
land‑use change, and forestry activities, as well
as so‑called joint implementation projects, clean
development mechanisms, and international
trading schemes.
Countries are required to verify the savings
that result before trying to balance them
against emissions. To make the necessary
calculations, the IPCC has recommended
partial carbon accounting (PCA), a system
that covers only the Kyoto activities. However,

Better understanding of the
Russian carbon balance is both
important in itself and critical
to a better understanding of the
global carbon balance.

Forest map of Russia
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based on extensive research over the past
three years, IIASA’s Forestry Program (FOR)
has concluded that only full carbon accounting
(FCA), covering all carbon-related components
of terrestrial ecosystems, can provide the
necessary accuracy.
FCA consists of a “snapshot” taken at
a specific point in time of the amounts of
carbon stored in or released from soils,
terrestrial biota, agricultural and forest
produc ts, animal husbandr y, and the
energy sector. It uses the concepts of pools
(reservoirs that can accumulate or release
www.iiasa.ac.at
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UPDATE In 2006 IIASA concluded the SIBERIA
II project to explore the viability of full carbon
accounting (including Greenhouse Gases—CO2,
CO, CH4, N2O, NOx) on a regional basis using the
environmental tools and systems available today
and in the near future. The region under study was
Northern Eurasia.

carbon) and fluxes (transfers of carbon from
one pool to another) to capture how these
components interact.
To evaluate the usefulness of current
carbon accounting and how it might influence
implementation of the Kyoto Protocol at the
national level, FOR used FCA to conduct
an in‑depth analysis of Russia’s carbon
balance. Russia was an ideal case study,
as FOR already possessed an outstanding
network of Russian collaborators and unique
databases of its terrestrial ecosystems.
Moreover, as Russia accounts for some 15%
of the global net releases of carbon to the
atmosphere, a better understanding of the
Russian carbon balance is both important in
itself and critical to better understand the
global carbon balance.
FOR research showed that, in theory,
Russia could try to bring an improvement of
between 142 million and 372 million tC into
a trading scheme permitted by the Kyoto
Protocol. But this is only one side of the coin.
The other side is the issue of uncertainty.
FOR devoted substantial effort to estimating
the uncertainties in the carbon account and
linking them with the length of time needed
to establish the atmospheric effects of carbon
emissions. For example, for 1990 FOR found
an uncertainty range of ±579 million tC
around the average net emissions—a figure
that exceeds the estimated total emissions. To
demonstrate the universal relevance of FCA,
FOR conducted a related study of Austria
and found similar results: large uncertainties
underlying its carbon account. The persistent
uncertainties confirm that any verification of
changes in a country’s carbon budget will
require time extending far beyond the Kyoto
commitment period.
These findings lead to several inevitable
policy conclusions:
 Currently, Annex 1 countries cannot
verify that they have achieved the targets
to which they committed themselves under
the Protocol.
 Given the Protocol’s wording and the
current knowledge base, countries can
circumvent their Kyoto targets.
 Without uncertainty assessments, no
verification can be made.
 Thus, with no reliable verification tool,
it is impossible to assess the impact of Kyoto
activities on atmospheric CO2 levels.
[Options, Autumn 2000]
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HIV and Development
In Botswana, roughly one of every two
women aged 20–29 currently is HIV‑positive.
In other words, without medication or a cure,
half the women in Botswana in their twenties
will die of AIDS within the next decade, even if
there are no further infections. Nevertheless,

the population of Botswana is not expected
to decrease over the next 20 years but to
remain nearly constant. The same is true for
Namibia and Mozambique. On the one hand,
high fertility and populations with young age
structures favor rapid population growth,
while on the other, the extraordinarily high
mortality rates due to HIV/AIDS are decimating
the young adult population. The result, more
or less, is little or no population growth.
Despite this, Botswana and Namibia
will experience substantial growth in the
size of their more‑educated labor force.
Mozambique’s education program lags behind,
but in proportional terms its more‑educated
labor force will also grow rapidly. One of the
greatest fears about the HIV/AIDS pandemic
has been that, because young adults suffer
the highest death rates, countries that were
already short of skilled workers would face
20 options + Anniversary Issue: 35 Years of IIASA

UPDATE In a 2006–2007 initiative, IIASA launched
an exploratory project on Health and Global Change,
focusing on pandemic influenza.

enormous, even catastrophic deficiencies in
the future. This will not be the case in the
countries studied here.
The current lack of teachers and expected
rapid increase in the number of primary
school students has led to concerns that
HIV/AIDS will greatly exacerbate the current
teacher shortage. Our finding was that,
although HIV/AIDS will undoubtedly eliminate
many teachers, it will reduce the number of
pupils by about the same proportion.
Perhaps our most surprising finding is that
the HIV/AIDS pandemic will not have cata
strophic consequences for the economies
of the three countries studied. Economic
growth is likely to be strong in the three
countries, even though many of their adults
are not. Economic growth in Botswana and
Namibia is driven by their export sectors.
Botswana’s principal export is diamonds.
Namibia also exports some diamonds but
has a somewhat more diverse export base,
including products from beef to fish to
zinc. Because all these projects are capital
intensive and require little labor, they are not
greatly affected by the HIV/AIDS pandemic.
However, Botswana and Namibia are not
typical—HIV/AIDS is likely to produce greater
economic problems elsewhere in Africa.
Because of the recent decrease in the
price of HIV medications in developing
countries, government programs that provide
the medication to all those who need it are
now economically feasible in Botswana and
Namibia. Without significant donor support,
such a program is not feasible in Mozambique.
However, if people believe that after becoming
infected they will not get sick for years—and
even then they will be able to take medication
to further increase their life span—their
incentive to use condoms is reduced. Our
models show that initially a medication
program reduces AIDS deaths more than
an education program aimed at changing
people’s behavior, but by 2021 life expectancy
is higher and AIDS deaths are fewer with the
implementation of the education program
than with the medication program.
Even with the large number of deaths from
HIV/AIDS, urbanization and economic growth
will continue in the three countries. As a result,
major cities will suffer ever-greater water
shortages unless new water infrastructure is
built and additional conservation measures are
taken. Detailed analysis of water supplies and
demands shows that additional conservation
measures can go a long way—but probably
not all the way—to guaranteeing enough
water, even in periods of drought.
[Options, Spring 2001]
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New Security Challenges
Require New Modes of
Negotiation
Although the threat of a major military
confrontation in the East–West context has
been eliminated, it has not led to a world
in which, at last, peace and security can be
taken for granted. New security risks have
emerged or are now perceived as such.
The question is whether the new security
environment will also call for adjustments
in negotiation practices. With this in mind,
let us take a brief look at the main security
threats and how negotiations might be used
to address them.

International terrorism The shock caused by
the attacks in New York and Washington, D.C.
on 11 September 2001 catapulted terrorism
to becoming “public enemy number 1” of
the civilized world. By striking against the
Taliban regime in Afghanistan, the response
by the United States was first and foremost
military in nature. However, dislodging the
Taliban regime from Kabul turned out to
be the easiest part of the fight against this
particular agent of terrorism. To build a stable
and peaceful Afghanistan, the whole array of
techniques of social engineering and nation
building needs to be employed—including
a multilayered scheme of negotiations—to
advance peace consolidation.
International organized crime, trade in human
beings, drug trafficking The international
community’s struggle against international
www.iiasa.ac.at

Peace and security cannot be
taken for granted in today’s world,
but negotiation can help.

UPDATE Look out for a new book in 2008 from
IIASA’s Processes of International Negotiation
(PIN) Network, Negotiating with Terrorists.

organized crime has engaged diplomats, legal
experts, and law enforcement agencies in a
worldwide alliance that undoubtedly has had
some success. New international conventions
have established a global legal framework
allowing for closer police cooperation and
coordination of mutual legal assistance in
criminal matters. The particular scope of
international criminal law and the specific
world of international police cooperation
make the fight against international organized
crime a fascinating arena of negotiation.
There is growing awareness of the underlying
socioeconomic causes of criminal activities
across borders, and negotiation processes
are already in motion involving economists,
political leaders, the international NGO
community, and other actors, all engaged in
a global coalition against organized crime.
Proliferation of weapons of mass destruction
(WMD) The possibility that nuclear weapons
might fall into the hands of terrorist groups is
as frightening as the use of nuclear weapons
by irresponsible regimes. To prevent “rogue
states” from developing nuclear weapons
programs, both diplomacy and preemptive
military responses are employed. A study of
previous negotiation accounts—for example,
in the field of nuclear disarmament—shows
that they are of little use in terms of providing
lessons for dealing with the new dangers of
the spread of WMD. The current efforts to
come to grips with the North Korean nuclear
weapons program are only one example of
a new kind of “stick and carrot” diplomacy.
Obviously, negotiations on nuclear matters
require a high level of technical expertise.
At the same time, the role of intelligence
comes into play. The interplay of diplomacy,
technical expertise, and intelligence that has
been at work all along in the Iraq conflict
can be observed again in the context of the
North Korean nuclear weapons program,
but it appears that negotiation theory has
not yet adequately addressed these forms
of interaction.
The purpose of this brief contribution is to
draw attention to the new security threats of
the 21st century presenting a challenge to the
negotiation research community.
[Options, Summer 2004]
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Planning for Disaster
Disaster prevention pays dividends.
Studies show that for every euro invested
in risk management roughly two to four
euros are returned in terms of avoided or
reduced disaster impacts on life, property, the
economy, and the environment. Despite these
benefits, preventive measures are relatively
rarely taken in developing countries and
disaster management still relies heavily on
after‑the‑fact approaches. Why, for example,
do bilateral and multilateral donors allocate
98 percent of their disaster management
funds to relief and reconstruction and only
the remaining two percent for prevention?
One reason, suggests IIASA research, is a

lack of understanding and user‑friendly tools
for assessing the benefits and challenges of
disaster risk prevention.
One decision-supporting tool that could
play a more significant role in disaster risk
prevention is cost-benefit analysis (CBA).
IIASA’s Risk and Vulnerability Program devised
a practical manual for a development agency
to use CBA in disaster risk management,
which was applied to two case studies:
flood protection for the city of Semarang,
Indonesia and protection against the impacts
of El Niño in Northern Peru. The studies reveal
that undertaking prevention would offer
substantive positive returns beyond reducing
the immediate threats to life and property.
The manual has been made available to
disaster management practitioners and is
being applied in the field.
T h e I I A S A C AT S I M m o d e l is als o
helping governments assess the benefits
and challenges of effective pre‑disaster
22 options + Anniversary Issue: 35 Years of IIASA

Dr. Joanne Linnerooth-Bayer,
from the USA, is the leader
of IIASA’s Risk and
Vulnerability Program.

Construction equipment arrives to
remove the overturned section of the
Hanshin Expressway following the
1995 Hanshin (Kobe) earthquake.
Source: O. Médias.

management planning for reducing the
impacts of disasters on public finances,
especially in developing countries lacking
liquidity. CATSIM is an interactive simulation
model for building the capacity of policy
makers to assess and reduce public sector
financial v ulnerabilit y by employ ing
pre‑disaster financial instruments such as
insurance, contingent credit, reserve funds,
and catastrophe bonds, financial market
instruments that give the investor an above
market return if a specific catastrophe does
not occur at a specified time but sacrifices
interest or part of the principal following an
incident. Mexico has recently become the first
government to issue such bonds and CATSIM
analysis helped inform that decision.
Involving stakeholders via model-based
participatory processes in the design and
implementation of risk management
measures such as disaster insurance pools is
another area of IIASA’s work. A joint study
with the Hungarian Academy of Sciences and
Stockholm University focused on designing a
nationwide flood insurance pool on the highly
vulnerable Upper Tisza region of northeastern
Hungary. The participatory approach resulted
in a unique proposal for a new insurance
system, whereby only households with private
insurance would qualify for government
assistance after a disaster but the government
would significantly subsidize poor households
to help them purchase flood insurance.
[Options, Summer 2006]

IIASA Report Presented at
World Summit
IIASA’s report on “Climate Change and
Agricultural Vulnerability” by Günther
Fischer, Mahendra Shah, and Harrij van
Velthuizen, a study commissioned by the
United Nations (UN), was distributed to
all government delegations at the World
Summit on Sustainable Development in
Johannesburg. At an official UN press
conference during the Summit, IIASA
Director Leen Hordijk and Mahendra Shah
recommended that adaptation to climate
change be included among the issues for
discussion in international negotiations. This
issue was included in the opening statement
of the United Nations Framework Convention
on Climate Change COP 8 at Delhi two
months later.
[Options, Summer 2003]
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A Last Resort
Fossil fuel burning releases CO2 into the
atmosphere, which contributes significantly
to global warming. Burning fossil fuel also
releases sulfur into Earth’s atmosphere
in the form of sulfate particles. Ironically,
these sulfate particles help to cool down the
planet by reflecting solar radiation back into
space. A planet‑saving scheme proposed
by Nobel Laureate Paul Crutzen —the
“albedo enhancement method”—involves
artificially injecting sulfur into the stratosphere
to offset greenhouse gas warming. “I hope
the sulfur scheme will never have to be
conducted, but we should not rule out that
it might,” says Crutzen. “It should only be
conducted when major, unexpectedly rapid
climate change takes place, similar to what
happened with ozone over the Antarctic.”
It is against the background of particularly
disappointing international political response
to cutting greenhouse gas emissions that
Crutzen argues his research is worthy of
serious consideration. At the Earth Summit
in 1992 in Rio de Janeiro, the world agreed
to prevent “dangerous” climate change. But
it was not until 13 years later that the Kyoto
Protocol came into force, and even then
without the commitment of key countries
such as Australia and the United States.
The Protocol will bring modest emission
reductions from industrialized countries, but
much deeper cuts are needed and developing
nations, with large and growing populations,
will also have to do their part.
Injecting sulfur into the atmosphere can
also be observed naturally during volcanic
eruptions. Crutzen uses the eruption of
Mount Pinatubo in the Philippines in 1991 as
a model for his idea. The volcanic eruption
injected sulfur into the stratosphere. The
enhanced reflection of solar radiation to
space by the particles cooled the Earth’s
surface by an average of 0.5ºC in the
year following the eruption. Crutzen is
now working with Phil Rasch of the US
National Center for Atmospheric Research
in Colorado, using a relatively sophisticated
General Circulation Model for a somewhat
more quantitative and comprehensive
look at the problem. Early results suggest
sulfur injection of about one million tons
per year—on balloons, by using artillery
guns, or, possibly most effective, by using
specially designed aircraft that release
the sulfur in the tropics at an altitude of
about 25 km—might be highly effective in
preventing global warming brought about
by a doubling of CO2 levels..
www.iiasa.ac.at

And results would be quick In contrast
to the slowly developing effects of global
warming associated with man‑made CO2
emissions. The climatic response of the albedo
enhancement method could theoretically start
taking effect within six months, reaching full
potential after about 10 years. The reflective
particles would remain in the stratosphere for
up to two years and need to be continuously
replaced.
Notwithstanding these promising results,
Crutzen insists the potential side-effects
of the sulfate scheme need to be properly
researched. These could include ozone
depletion, an impact on cloud formation in
the upper tropospheric regions, acid rain,
and the amelioration of only some of the

Measurements at
Mauna Loa Observatory
in Hawaii recorded an
increase in atmospheric
CO2 concentrations from
315 to 375 parts per million
from 1958 to 2003.
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UPDATE IIASA is not new to the controversial
field of geoengieering. In the 1970s, IIASA
warned about the dangers of climate change and
suggested pioneering solutions such as capturing
and storing carbon.
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effects of CO2. For example, the gases could
combine to further increase the acidification
of our planet’s oceans.
Crutzen hopes that such an emergency
measure will never be needed. The most
sustainable and effective solution to global
warming is for the world to reduce its
greenhouse gas emissions. However, if major
and unexpectedly rapid climate change did
begin, the sulfate scheme could buy the world
enough time to implement these changes. In
addition, by posing such a grotesque solution,
Crutzen is also hopeful that it may galvanize
the nations of the world to cut greenhouse
gas emissions more drastically.
[Options, Winter 2006]
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