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editorial

Seven thousand copies of this issue of Options have been printed.
Hopefully most of these copies will find a reader who likes to hold
the paper in her or his hands and turn the pages, who glances over
diagrams or reads parts with consideration and surprise. Judging
from previous experience, several thousand readers will also look at
Options on IIASA’s Web site, and material corresponding to a few
hundred copies will be downloaded during each of the next 6 to 12
months. Thus with Options one can say that the paper version and
the electronic version are comparable in reach—maybe with an
upper hand for the paper copy.
In this respect Options is a rare plant in the IIASA garden of
publications. In the past few years, and with former Director Gordon J. MacDonald
as an enthusiastic promoter, IIASA’s Web site has become the primary route for dissemination of the Institute’s research results. In 1999 IIASA’s Web site had 5 million
“hits.” In 2000 the number of hits climbed to 15 million. It can be argued that
hits are not the best measure of importance and that, for example, the amount of
“information” that is downloaded better reflects the real impact. In this respect, as
well, IIASA’s Web site is a formidable success. In January 2001 over 7 Gigabytes (Gb)
of information were downloaded from our Web site; 10 Gb were downloaded in
February; and in March this number approached 22 Gb, corresponding to a small
library of written text. Very few, if any, European scientific institutions have similar
figures.
The Web is not the only nonconventional way to distribute research information
and data. Last year IIASA’s Land-Use Change Project released an interactive CD-ROM
called “ChinaFood: Can China Feed Itself?” It has been widely distributed and is
frequently cited in the scientific literature. Since then many IIASA projects have
followed suit.
A self-evident question given this rapid recent development is, Will electronic
media totally replace the printed word? If so, how quickly? This is of course a
matter of debate in many places, including IIASA. The answer, like the answers to
many similar questions, may have a lot to do with the main theme of this issue of
Options—population and demographic development.
Demography, including development of educational levels in different populations, is a strong driving force or stabilizing factor for technology shifts such as the
move from print to electronic media.
Clearly, to a large extent the use of the Web is a question of both age and
education. Also obvious is that the special positive feeling associated with holding a
book or a journal in one’s hands is likely to remain for life with those who acquire it.

Arne Jernelöv
Acting Director
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Toward a Concept of
Population Balance
There is a clear need for a new scientific paradigm
linking the concerns associated with population
growth to those associated with population aging

Wolfgang Lutz is leader of IIASA’s
Population (POP) Project. He currently
serves as Secretary-General of the
International Union for the Scientific
Study of Population (IUSSP) and is one
of three principal investigators of the
Asian MetaCentre for Population and
Sustainable Development Analysis,
funded by the Wellcome Trust and
headquartered in Singapore. He is also
involved in the coordination of the
European Observatory of Family
Matters and the new Global Science
Panel on Population and Environment.
He has published widely in the fields
of family demography, population
forecasting, and population and
environment analysis.
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Options Dr. Lutz, why do you feel there is the need for a new paradigm in our
thinking about population issues?
Wolfgang Lutz The world is confronted at the moment with two very
different population trends that tend to confuse commentators looking for
simple messages. On the one hand, over the past two decades the world
population has been growing in absolute numbers at a pace unprecedented
in human history, with more than 80 million people being added every
year. This growth is concentrated in Africa and South Asia, where the
prospect of a more than doubling of the current population still exists.
There, population growth is associated with environmental problems and
persistent poverty. On the other hand, a rapidly increasing segment of the
world population already has fertility rates that are far below what has ever
been experienced in human history. Sixty-one countries with 44% of the
world’s population currently have fertility rates below the so-called
replacement level of two surviving children per woman. In some countries,
such as Russia and Italy, fertility is so low that the next generation will be
only a little more than half the size of the current one. In the medium to
long term, this implies extreme population aging and even strong population
declines in some countries.
Options Does this imply that Europe will be depopulated sooner or later?
WL Not very soon. Populations change very slowly. This is why population
forecasts can be made for the coming decades with a rather high degree of
certainty. To get some numbers for the long run, under a purely hypothetical
scenario for the European Union with fertility and mortality held constant
at current rates and no migration, the EU population will decrease from the
current level of 375 million to below 300 million by 2050. By 2100, it will
have declined to 186 million, or half its present size. If you don’t switch off
the computer at this point, the scenario results will show a population in
Europe of only 75 million people in 2200, 30 million in 2300, 12 million in
2400, below 5 million in 2500, and a mere 50,000 in the year 3000. This
shows that, based on current vital rates, the population could theoretically
options spring 2001

Options What is wrong with population decline? Many
environmentalists would be pleased to see it.
WL Some ecologists suggest that only a world with
one or two billion people would be sustainable in
the long run. The problem is that, given the
momentum of population change, we cannot quickly
move to such a level except through strong mortality
increases—something nobody would wish to happen.
But in any case, our latest population projections
indicate that there is a high probability that world
population growth will come to an end during this
century. If fertility does not go up again and life
expectancy does not increase dramatically, we may
even (peacefully) arrive at such ecologically desirable
levels over the next two or three centuries. The
transition to population stabilization and decline,
however, comes at the cost of massive population
aging and great changes in the regional population
distribution.
Options Are these changes seen as a problem?
WL When you mention the prospect of possible
declines in national population sizes, some people get
very nervous. For centuries, growing national populations have been a sign of national power and prosperity.
No government wants to see its population shrink to
insignificance. This may be part of the reason why the
United Nations long-range population projections still
maintain the unrealistic assumption of convergence
toward replacement-level fertility. Moreover, the
extremes are sometimes not so far away from each
other geographically. While the countries at the
northern rim of the Mediterranean (Spain, Italy,
Greece) have among the lowest fertility rates in the
world, the North African populations at the southern
rim are expected to grow by a factor of two or more.
Options Will there be enough water to sustain such
population growth in North Africa or will there be a wave of
environmental refugees to Europe?
WL I am glad that you raise this issue of regional
interactions between population and environment,
because population forecasts are usually made in
isolation, as if there were no exogenous constraints
on population trends. In North Africa there actually

is a rather critical situation because the projected high
population growth is likely to coincide with the
significant warming and reduced precipitation
projected by most global circulation models. Water
will be the key factor in this region. How these
countries cope with this explosive mix will depend
on the available technology, institutions, and
especially on skills and human capital. I do not
believe, however, that the situation will result in an
uncontrolled wave of mass migration into Europe.
There are too many linguistic, cultural, and administrative barriers. But clearly there will be some
uncontrolled migration as well as a higher degree of
regulated immigration into Europe. Over the coming
decades Europe will have a great need for young semiskilled labor to cope with its own population aging.
During this period, the population above age 60 in
the EU will increase from the current level of 22%
to around 35%.

Inter-generational Aspects of Population Balance
In a recent IIASA Interim Report (IR-01-003, which can be
found at www.iiasa.at/Publications), Wolfgang Lutz and
Warren Sanderson present a very simple formal model on
the inter-generational aspects of population balance,
considering age-, cohort-, and education-specific productivity, income, and cost of education. Assuming only two
educational groups, with the educated being twice as
productive as the uneducated, the figure below shows
lifetime incomes of populations with stable age structures
for three selected proportions of educated people and
fertility levels ranging from 0.02 to 6.02 children per woman.
All three curves have a single internal peak in lifetime
income; in other words, fertility rates that are too high and
fertility rates that are too low both lead to lower average
lifetime incomes. The figure also shows that for more highly
educated populations the peak is further to the left because
educating children also has a cost. More education is
beneficial, however, and there is an area of optimal balance
between too-high population growth and too-rapid
shrinkage. Where the balance is to be found depends on
the specific parameter assumptions made.
100
LIfetime income

shrink by a factor of 7,500 over a millennium. This is,
of course, very unlikely to happen, not least because
there clearly will be migration. Our more realistic
probabilistic population projections show that by
2050 the population of the current EU member
countries is likely to decline only very moderately.
Individual countries, however, have a high probability
of a significant decline. The main source of uncertainty here is the future level of immigration, but
there is also significant uncertainty about the future
course of fertility and life expectancy gains.
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85%
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15%

25
0
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Lifetime income of stable populations by education and total
fertility rate.

www.iiasa.ac.at/Research/POP
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Options Can higher productivity and technological progress
solve the aging problem?
WL To some degree, yes. But there are still three main
concerns associated with aging. The first has to do with
international competitiveness and refers to the
presumptions that an aging labor force may be less
competitive and that productivity gains may be less
significant than with a youthful labor force. The
European Commission has recently brought the issue
of the aging of the working population to the fore. Does
aging mean lower productivity? There is one objective
fact and one conjecture associated with this question.
The indisputable fact is that younger workers have had
their training more recently and therefore are better
acquainted with new technologies. The more disputable
question is whether older workers are less flexible, less
innovative, and therefore less productive. Industrial
leaders seem to believe this and hence lay off older rather
than younger workers, especially since in Europe older
workers tend to be significantly more expensive than
younger ones. But lower productivity of older workers
may be a prejudice, and experience may compensate
for youth under certain conditions—generally, we
believe this to be the case in academia. But clearly more
research is needed on this issue. The second problem
has to do with the fact that many jobs simply cannot be
done by machines. Especially in the field of personal
care of the rapidly expanding elderly population in the
foreseeable future, we will still need human beings who
are willing to work for an affordable wage. In this field,
immigration seems to be a likely solution. Finally, a
major aging-related problem in Europe is the existing
pay-as-you-go pension system, in which a shrinking
number of contributors will have to pay for an increasing
number of pensioners.
Options Is increasing the retirement age a solution to this
problem?
WL With the mean age at retirement as low as 57 in
some European countries, it is clear that an increase
in that age must be a key component of any solution.
Another problem is the high level of recently acquired
pensions, which already are heavily subsidized by tax
money, especially in the public sector. In Austria, for
example, many retired teachers make more money
than they ever made during their working life. And
this comes at a stage of the individual life cycle when
expenses are typically rather low—compared with,
say, young adulthood, when a household needs to be
established and children are a major financial drain,
and incomes tend to be much lower. Many experts
stress that this situation needs to be changed, but here
we also run into a political problem that has to do
with our democratic voting rights. To get more votes,
many political parties announce that they will protect
current pension entitlements. Some of the recent
minor reforms of the pension system, if implemented,
4
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will primarily concern the future entitlements of those
just entering the labor market. Behind this lies the
fact that in most European countries more than half
the citizens allowed to vote are already pensioners or
expect to retire in the next few years, while those
below age 18, who will ultimately have to pay the
bill, are not yet entitled to vote. Here we may need
some democratic reforms that actually give every
citizen the right to vote, where up to a certain age
parents act on their children’s behalf, as they do in
most other issues.

Options Don’t the elderly care about their children and
grandchildren?
WL There is indeed a lot of evidence that within
families there still is a high degree of inter-generational
solidarity. In many countries we have evidence of quite
significant monetary flows from the parents to their
children and grandchildren, even before talking about
inheritance (which these days typically comes at such
a high age that recipients are already past the expenses
of establishing a household and educating children).
The problem is that this tends to enhance social
inequality if lower income is associated with higher
fertility. These inter-generational equity issues really
require a lot of rethinking of our current institutions
and social security systems.
Options Let’s go back to the global level. Why do you think
there is a need for a new paradigm linking concerns about the
population aging with those about population growth?
WL On a personal level I am frequently confronted
with these contradictions. I recently co-authored a
book on population and climate change, and in this
field, even after considering all caveats, it is quite
obvious that over the coming decades fewer births
would be better for those already alive than more
births. For this reason, several people have even made
calculations of what it would cost to avert an additional
birth and what would be the benefit of doing so. One
day as I was reading through these studies, my
telephone rang and someone from a European family
ministry wanted to know whether I had calculated how
much governments would have to spend on additional
family benefits in order to raise the very low fertility
rate in his country by a certain percentage. He
obviously was driven by serious concern about the
consequences of aging. But these two views of the
world do not seem to fit together. There is no paradigm
that tells us why there should be fewer births in one
country and more births in another.
Options How do you propose to solve this contradiction?
WL We are working on a concept that we tentatively
call “population balance.” The basic idea is that any
change that is too rapid, be it in terms of population
growth or population aging, typically means stress for

the institutional arrangements in a given country, for
example, in terms of school enrollment of children in
the first case or in terms of pension systems in the
second. Another aspect that links the aging and growth
concerns is the role of education and human capital
formation. Put simply, whether an additional child is a
net cost or a net benefit to society (those already born
and the others still expected to be born) is not just a
demographic numbers game but will essentially depend
on what this new person does as an adult—on his or
her contributions to society, which will also depend on
his or her skills. Hence, education as a proxy for
productivity becomes a key element of the concept of
population balance. Analytically as well as politically,
education can serve as the missing link between growth
and aging concerns. Education, especially of girls, tends
to bring down fertility where it is too high. It also
empowers individuals, families, and societies to cope
with all kinds of problems in the areas of health,
economics, and environmental change that in part have
to do with rapid population growth. In the context of
aging populations, more education and hence higher
productivity of the younger cohorts can help to
compensate for their shrinking size. This approach is
politically acceptable because it does not pressure
women (or couples) to have fewer or more children
than they otherwise would want. The concept of
population balance has not yet been fully developed,
but we are currently working on its formal definition

(see box on page 3). Population balance will also be a
topic of our forthcoming book, which will present the
latest IIASA world population projections, our global
projections by level of education, and several aspects of
population–environment analysis under the unifying
umbrella of population balance.

Options Next year a major international conference on
sustainable development will be held in Johannesburg, 10 years
after the Rio Earth Summit. Will population be an issue at
this conference?
WL On the international scene so far we have seen
two largely independent processes, that of global
population conferences (Bucharest 1974, Mexico City
1984, and Cairo 1994) and that of environment
conferences (Stockholm 1972 and Rio 1992). But
population trends are a key component of sustainable development. And since the conference in
Johannesburg in 2002 will focus more broadly on
sustainable development rather than just on the
environment, there is a chance to better link these
two processes. IIASA and the IUSSP have taken the
initiative in establishing a Global Science Panel on
Population and Environment—with Nafis Sadik and
Maurice Strong as patrons—which will work
conceptually and scientifically on linking the
concerns of the Rio and Cairo processes. The concept
of population balance could also contribute to
building this important bridge.

Global Science Panel on Population and Environment
IIASA will convene a Global Science Panel on
Population and Environment with the immediate
goal of producing scientific input on this issue
for the Rio+10 World Summit on Sustainable
Development, to be held in Johannesburg in
2002. The Science Panel, under the patronage of
Dr. Nafis Sadik and Dr. Maurice Strong, will have
a membership of 20–25 distinguished scientists
from different disciplines and different parts of
the world. Participants will be invited jointly by
the organizers, which include IIASA and the
International Union for the Scientific Study of
Population (IUSSP). This effort will be undertaken
in collaboration with the United Nations
University (UNU) and the United Nations
Department of Economic and Social Affairs
(UN-DESA). The secretariat of the Science Panel
will be located at IIASA, with Wolfgang Lutz
serving as coordinator. Funding has already been
secured from the United Nations Population Fund
(UNFPA) and the government of Austria.
The Science Panel’s mandate will be to
(1) assess the state of our knowledge about the

population variable in sustainable development
(population–development–environment interactions), (2) develop innovative approaches to
overcoming the deadlock of old controversies, and
(3) create a science-based paradigm for integrating
population-related concerns into the sustainable
development paradigm, as manifested in the Rio
to Rio+10 processes.
The Science Panel will have a truly international and interdisciplinary basis and will aim to
provide direct input to the Rio+10 and Cairo+10
UN processes. Given that the Johannesburg
Conference will take place during the second half
of 2002, the Science Panel will only have an
initial duration of one year (with the possibility
of extension if deemed appropriate). There will
be several meetings, including a broader Science
Meeting at IIASA in February/March 2002. After
this Meeting, a short synthesis document pointing
to promising new directions will be circulated
widely for comment. A revised version will serve
as substantive input to the international discussion
before, at, and after Johannesburg.

www.iiasa.ac.at/Research/POP
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HIV/AIDS and Development:
Are Botswana, Namibia, and
Mozambique on Sustainable Paths?

We would like to thank the European
Commission for funding the project (DG VIIIDirectorate-General for Development,
Contract No. B7-6200/96-18/VIII/ENV). This
article does not necessarily represent the
views of the European Commission.

In the course of the research, our perspective
changed entirely. HIV/AIDS was decimating the
populations of the three countries. Indeed, Botswana
has the highest HIV/AIDS prevalence rate in the world,
and Namibia is not far behind. Mozambique is also
suffering from the HIV/AIDS pandemic, but fortunately not as badly as the other two. Clearly, this was
not going to be a study of the consequences of rapid
population growth. Thus the focus shifted instead to
the possibility of sustainable development when so
many young adults were dying.
The methodology employed in the research was a
continuation of the approach used in previous PDE
case studies and built on past POP and IIASA work.
From IIASA came the tradition of detailed policyrelevant computer simulation modeling; from POP,
the tradition of multi-state population forecasting with
an emphasis on education.
We would like to focus here on six findings, each
in its own way somewhat surprising. In Botswana,
roughly one of every two women 20–29 years old
6
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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. At current rates, the
probability of a 20-year-old woman in Botswana
surviving to age 40 is less than one-quarter. Nevertheless, the population of Botswana is not expected to
decrease over the next 20 years. Instead it is expected
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 little population growth over the next
two decades, Botswana and Namibia will experience
substantial growth in the size of their more-educated
labor force. Mozambique is further behind in its
education program, but in proportional terms its
more-educated labor force will also grow rapidly. For
example, POP’s population forecasts show that in
Namibia the number of people in the labor force with
at least some secondary education will increase by
85% between 2001 and 2021, even after the effects of
HIV/AIDS deaths are taken into account. In
Mozambique, 7% of males in 1997 had completed at
least the seventh grade. Our population model shows
that this figure is expected to increase to 15% in 2020.
For women, the figure is expected to increase to 9%
in 2020, from 2% in 1997.
One of the greatest fears about the HIV/AIDS
pandemic has been that, because young adults suffer
80

Life expectancy, years

Four years ago, IIASA’s Population (POP) Project began
a research study entitled “Evaluating Alternative Paths
for Sustainable Development in Botswana, Namibia,
and Mozambique.” Although the three countries are
very different, they seemed to share a common problem:
how best to accommodate the very rapid population
growth that was expected. Botswana is one of the richest
countries in Africa, while Mozambique is one of the
poorest. Botswana is a semi-arid country with most of
its land area covered by desert. Namibia is even drier: it
is the country in Southern Africa with the most severe
shortage of water. Taken together, these three countries
held the promise of a fascinating comparative study of
the interactions between population, development, and
the environment (PDE), focusing in these cases on
water scarcity. These would not be POP’s first PDE
case studies: analyses had already been made of PDE
interactions in Mauritius, Cape Verde, and the Yucatán
peninsula of Mexico.
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the highest death rates, countries that were already
short of skilled workers would face enormous, even
catastrophic deficiencies in the future. This will not
be the case in the countries studied here. All three are
experiencing increases in the level of education as a
result of past investments in schooling. These
investments would have produced even larger
numbers of educated people were it not for HIV/AIDS.
Even with the pandemic, however, the increases will
be substantial. In Namibia, absorbing the rapidly
increasing number of people with at least some
secondary education into the labor force in a
productive way will be a challenge to policy makers,
even in the era of HIV/AIDS.
In Mozambique, the possible scarcity of skilled
workers was examined in more detail. The current
scarcity of teachers and expected rapid increase in the
number of primary school students has led to the fear
that HIV/AIDS will greatly exacerbate the current
teacher shortage. To see what was likely to happen to
student–teacher ratios, a model of the flow of students
through Mozambique’s primary education system was
constructed. Our finding was that, although HIV/
AIDS will undoubtedly eliminate many teachers, it will
reduce the number of pupils by about the same
proportion. Therefore, within the next two decades,
HIV/AIDS will not have much effect on the student–
teacher ratio in the primary grades. This finding is
certainly surprising and could not have been reached
without detailed analysis.
Perhaps our most surprising finding is that the
HIV/AIDS pandemic will not have catastrophic
consequences for the economies of the three countries
studied. This is not to say that HIV/AIDS is good for
the economy. It certainly is not. Still, economic growth
is likely to be healthy in the three countries, even
though many of their adults are not. Evidence for this
proposition comes both from empirical observation
and from economic modeling.
The empirical observation is what we call “The
Botswana Paradox.” Per capita economic growth in
Botswana averaged around 9% per year from 1998 to
2001. This economic growth rate—probably the
highest of any country in the world—coincided with
the world’s highest AIDS death rate. It might be
possible that, without HIV/AIDS, per capita economic

growth would have been even higher. In any case, the
world’s highest AIDS death rate did not keep Botswana
from achieving outstanding economic growth.
To understand the impact of HIV/AIDS on
economic growth, POP constructed economic
models tailored to the individual countries. For
Botswana and Namibia, we created multi-sector
economic models (technically known as computable
general equilibrium models, or CGEs). The production sectors included are nonagricultural exports,
nontradables, and agriculture (including fisheries).
In Mozambique, the economic model has an urban
sector and a rural sector. In addition, the model
includes detailed consideration of Mozambique’s
education sector. Results from all three modeling
exercises showed that significant economic growth
will continue even under the burden of high
HIV/AIDS death rates.

Sustainable Challenges in the Context
of the HIV/AIDS Pandemic:
Namibia, Botswana, and Mozambique
Three high-level science policy dialogue meetings took place
in March in Namibia (in cooperation with the Multidisciplinary Research and Consultancy Center, the University
of Namibia), in Botswana (in cooperation with Mr Rebasele
Radibe, Ministry of Finance and Development Planning), and
in Mozambique (in cooperation with Mr Manuel da Costa
Gaspar, Vice-President, National Institute of Statistics). Warren
C. Sanderson, Molly E. Hellmuth, Annababette Wils, and
Isolde Prommer represented IIASA.
The main goals of the meetings were to present the results
of the PDE models for the different sectors and countries,
based on specific scenarios, and to make recommendations
for policy actions.
In all three countries, computer simulation training
workshops took place the day after the meeting.

Left-hand photo : Warren Sanderson of IIASA conducting the
training workshop in Namibia.
Right-hand photo (left to right): Mr Rebasele Radibe, Chief
Economist, Ministry of Finance & Development Planning,
Botswana; Ms Mira Ihalainen, Programme Officer, UNAIDS Office
Namibia; Mr Nicky Iyambo, Minister of Regional and Local
Government and Housing, Government of Namibia.

www.iiasa.ac.at/Research/POP
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Botswana and Namibia have small economies that
are very open to international trade. Economic growth
in these countries is driven by their export sectors.
Botswana’s chief export is diamonds. Namibia also
exports some diamonds but has a somewhat more
diverse export base, including products from beef to
fish to zinc. The growth of their export markets has
virtually nothing to do with their population growth
(or lack thereof). Botswana’s recent rapid economic
growth has been due to the recent increase in production

Related IIASA PDE Publications
The results of these case studies are presented in three
Executive Summaries and on a CD-ROM/Web site. These reports
summarize the major findings of the PDE computer simulation
models by country. The future development paths of the demographic, economic, and water sectors over the next two decades
are based on a range of scenarios in the context of the HIV/
AIDS pandemic in the Southern African region.
• Botswana’s Future: Modeling Population and Sustainable
Development Challenges in the Era of HIV/AIDS. Executive
Summary. Warren C. Sanderson, Molly E. Hellmuth, and
Kenneth M. Strzepek. February 2001.
• Namibia’s Future: Modeling Population and Sustainable
Development Challenges in the Era of HIV/AIDS. Executive
Summary. Warren C. Sanderson, Ben Fuller, Molly E.
Hellmuth, and Kenneth M. Strzepek. February 2001.
• Mozambique’s Future: Modeling Population and
Sustainable Development Challenges. Executive Summary.
Annababette Wils, Manuel da Costa Gaspar, Molly E.
Hellmuth, Maimuna Ibraimo, Isolde Prommer, and Emídio
Sebastião (in English and Portuguese). February 2001.
• Botswana’s Future, Mozambique’s Future, Namibia’s Future:
Modeling Population and Sustainable Development—
Challenges in the Era of HIV/AIDS. CD-ROM/Web site
(www.iiasa.ac.at/Research/POP/pde/).
• Population–Development–Environment in Namibia.
Background Readings. Ben Fuller and Isolde Prommer, eds.
IR-00-031. May 2000.
More information on IIASA’s PDE case studies is available at
www.iiasa.ac.at/Research/POP.

8

options spring 2001

at one of its diamond mines and an increase in the price
of diamonds. Botswana is in the process of developing
a new diamond mine, which is expected to be opened
in 2006. Namibia is developing a new zinc mine and an
offshore natural gas field. Because all these projects are
capital intensive and require little labor, they are not
greatly affected by the HIV/AIDS pandemic. Nevertheless, they will be crucial contributors to economic
growth. 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. There are a
number of important problems that need to be
considered before a medication program is implemented. One of the most important arises from the
fact that a medication program may make it more
difficult to get people to reduce the riskiness of their
sexual behavior. If people believe that if they become
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 here
and now 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 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.
HIV/AIDS is a terrible disease that is causing
untold suffering. Its spread in Southern Africa was
much more rapid than most experts expected.
Nevertheless, there is hope for the future. Economies
will not collapse. There will be no exacerbated
shortage of skilled workers or even a shortage of
primary school teachers. HIV/AIDS medication is
affordable, and it is extremely important for policy
makers to design intelligent programs for its
distribution. Water scarcity will be a problem in the
future, but reasonable conservation programs and
some additional water infrastructure should be able
to solve it. It is far easier to devise appropriate
policies in HIV/AIDS-stricken countries when the
extent of the challenge is clear.

Major Shifts Expected in the Global
Distribution of Human Capital
The Importance of Human Capital in
Development and the Tools to
Forecast It
Education is generally assumed to have far-reaching
beneficial consequences. For individuals, it implies
better health, more economic opportunities, and
greater autonomy, especially in the case of women. For
a population as a whole, educational composition has
long been considered a key factor in economic,
institutional, and social development and the rate of
technological progress.
The paramount importance of human capital in
development together with the availability of the most
appropriate methodology for forecasting the population by age, sex, and level of education (the tools of
multi-state demographic analysis developed at IIASA
during the 1970s and 1980s) stimulated IIASA’s
Population (POP) Project to produce the first
comprehensive projections of future human capital by
major world region. Previous attempts in this direction
(e.g., by the World Bank) were based only on a
combination of assumed future school enrollment
rates, which were then superimposed on an independently produced population projection. However,
because women in different educational groups tend
to have very different fertility levels (especially in
developing countries), these previous attempts can
only be seen as crude approximations. The multistate model is based on a division of the population
by age and sex into any number of “states.” These
“states” originally represented geographic units, with
the movements between them being migration
streams. But a “state” can also reflect any other clearly
defined subgroup of the population, such as groups
with different levels of educational attainment, in
which case the “movements” become educational
transition rates.
The projection of human capital stocks by age
and sex is an ideal case for applying the multidimensional cohort component model, because
education tends to be acquired at younger ages and
then simply moves along cohort lines. Indeed, much
of the change in the educational composition of the
adult population over the coming decades is already
preprogrammed into current and recent school
enrollment rates and caused by the depletion
(through mortality) of less-educated cohorts and the
entry of more-educated younger cohorts.

The analysis presented below highlights the results
of a recent IIASA study (Lutz and Goujon, 2001). That
publication gives a more detailed description of the
sources of data used in the estimation procedures and
the parameter choices made. The analysis was carried
out at the level of 13 world regions, and the
population was subdivided (by sex and five-year age
groups) into four distinct groups according to
educational attainment: (1) no education (less than one
year of formal schooling); (2) primary education (at least
one year of primary education, did not go on to
secondary school); (3) secondary education (moved to
second level of education, whether or not full course
was completed, but did not go on to tertiary level); and
(4) tertiary education (some studies at college or
university, whether or not full course was completed).

Results over the Next 30 Years
Of the several scenarios calculated, only the two most
extreme are discussed here because they show the
range of possible alternative trends in future school
enrollment rates. The other scenarios—which make
more plausible assumptions about realistic future
trends in school enrollment—lie between these two
extremes, which actually do not produce too different
results in the near to medium term. Only in the longer

A Snapshot of the Educational
Composition of Today’s World
Of the more than 6 billion people in the world
today, 4.3 billion are above age 15. Of these,
18% of men and 31% of women are still
without any formal education. At the high end,
11% of men and 8% of women have received
some tertiary education. Still, as Table 1 shows,
these global averages mask enormous regional
differences:
• Percentages of women with a tertiary
education range from 42% in North America
to 1% in sub-Saharan Africa.
• In South Asia (mostly India), 66% of women
and 39% of men still lack any formal
education, while in Pacific Asia (mostly
Southeast Asia), only 33% of women and
23% of men lack an education.
• The smallest gender gap in education is
found in North America, followed by Europe.

www.iiasa.ac.at/Research/POP
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run will alternative educational efforts made now and
in the near future become fully visible in terms of the
qualifications of the labor force. But by then, owing
to the great momentum of the age structure changes,
it will be too late to change course. A great advantage
of projections like these is that they can demonstrate
the future, longer-term consequences of current
policies with rather high certainty.
The “constant” scenario (constant transition rates)
assumes that no improvements are made over time in
the proportion of a young cohort that acquires different
levels of education, while fertility, mortality, and
migration trends follow the assumptions made in the
latest IIASA population projections (Lutz et al.,
forthcoming). The “American” scenario (convergence
to North American transition rates by 2030) assumes
that all regions experience linear improvements in their
enrollment that bring them to current North American
school enrollment levels by 2025–2030. All children
receive at least some primary education and up to 98%
receive some secondary education. Participation in
tertiary education increases to 55%. The “American”
scenario also implies a closing of the gender gap at all
levels of the educational scheme by 2030.
Figure 1 shows the starting conditions in 2000 and
the results of the two alternative scenarios in 2030 for
the aggregate world population. The figure shows the
results in multi-state age pyramids in five-year age
groups, with women on the right and men on the left.
Improvements in schooling over the past 20 years are
clearly visible: proportions without formal education
are smaller in the younger cohorts. But the figure also
shows that a strong gender gap in education still exists
at the global level. Results under the “constant”
scenario show a preservation of the gender bias evident
in the current educational system.

Male

Female

2000

65+
60–64
55–59
50–54
45–49
40–44
35–39
30–34
25–29
20–24
15–19
10–14
5–9
0–4

2030
“Constant”
scenario

65+
60–64
55–59
50–54
45–49
40–44
35–39
30–34
25–29
20–24
15–19
10–14
5–9
0–4

2030
“American”
scenario

65+
60–64
55–59
50–54
45–49
40–44
35–39
30–34
25–29
20–24
15–19
10–14
5–9
0–4

No education
Primary
Secondary
Tertiary

600 mln

600 mln

Figure 1. Age pyramids by education for the world in 2000
and according to “constant” and “American” scenarios for
2030.

Alternatively, the world could go in a different
direction. Another possible future is that shown under
the “American” scenario, in which over the next 30
years world enrollment rates approach those currently
seen in North America. This would significantly
increase the educational attainment of the world

Table 1. Share of population above age 15 by education (in percentage) and by sex in 2000 and according to “constant” an
2000
NoEd
Region
North Africa
Sub-Saharan Africa
North America
Latin America
Central Asia
Middle East
South Asia
China & CPA
Pacific Asia
Pacific OECD
Western Europe
Eastern Europe
Former Soviet Union
World

M
33
33
1
12
1
19
39
10
23
0
5
2
1
18

F
55
52
1
15
4
34
66
26
33
0
8
3
0
31

Primary
M
F
21
17
42
34
7
7
39
39
4
7
39
33
23
17
36
37
37
36
19
22
23
28
30
39
23
27
30
28

Secondary
M
F
32
20
21
12
49
51
39
37
77
77
29
23
32
15
51
35
31
24
54
55
53
49
58
49
60
57
42
32

Tertiary
M
F
15
8
3
1
44
42
11
9
17
13
14
10
5
2
4
2
9
6
26
23
19
15
10
8
17
16
11
8

NoEd
M
14
20
1
3
0
10
12
2
9
0
1
0
0
8

F
34
36
1
4
0
25
37
7
15
0
3
0
0
18

Note: NoEd = no education; M = male; F = female; CPA = centrally planned Asia; OECD = Organisation for Economic Co-operation an
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population below age 30 and narrow the educational
gender gap.
Specific regional results are much more dramatic
than the global averages. A comparison of the female
population of China (plus centrally planned Asia) with
that of South Asia (mostly India) shows that, although
in 2000 China and South Asia were roughly equal in
terms of total population size, the age structure in
China reflects the impacts of the fertility decline of
the past three decades. During that time, China also
made stronger investments in female education
compared with South Asia. The results of this
educational legacy cannot be fully overcome in the next
three decades, even under the unlikely assumption of
American school enrollment rates in India.
Table 1 allows some global comparative analysis. In
the “constant” scenario, the proportion of women in
China above age 15 with a secondary education increases
from 35% in 2000 to 60% in 2030, and that of men from
51% to 71%. In North Africa and the Middle East, the
proportion of women with secondary education
increases from 20% and 23%, respectively, in 2000 to
35% and 37%, respectively, in 2030 as a direct
consequence of past investments in female education.
By contrast, only minor improvements in educational
attainment can be expected in sub-Saharan Africa.
At the global level, the “constant” scenario implies
that in 2030, 18% of women above age 15 will still be
without any formal education, with most of them
being illiterate. For men this percentage is only 8%.
Under the “American” scenario, the percentage without a formal education only declines to 16% for women
and to 7% for men by 2030. This slow improvement
at the lower educational end of the adult population is
due to the great inertia of the population’s educational
composition. For tertiary education, the results of

efforts become visible more quickly. While 8% of all
women and 11% of all men in the world currently have
some tertiary education, by 2030 this increases to only
10% and 12%, respectively, under the “constant”
scenario, but to 17% and 19%, respectively, under the
“American” scenario.
The changing educational composition of the
population is significant, not only for individual
development and a nation’s institutional and economic
performance, but also for the relative weights,
productivity, and competitiveness of major world
markets. Figure 2 compares three of the economic
mega-regions of the future (Europe and North
America, China, and South Asia), displaying trends in
the size of the working-age population (aged 20–65)
with a secondary education. While China is clearly
gaining ground on Europe/North America in terms

Fertility and Education
In most countries—particularly those in the
process of demographic transition—fertility
tends to vary strongly with the level of female
education. The strongest educational differentials are observed in Africa. Extreme cases
are Benin and Togo, where women without
formal education have on average well above
6 children, while women with some tertiary
education have only 1.3 on average. In Latin
America, these average differentials are 7.1
versus 1.8 in Guatemala; 7.1 versus 2.2 in
Bolivia; and 5.0 versus 1.5 in Brazil. Asia and
Europe have an intermediate position, and
North America shows virtually no educational
fertility differentials.

d “American” scenarios in 2030.
2030
“Constant” scenario
Primary
Secondary
M
F
M
F
28
21
44
35
52
44
25
19
6
6
49
47
35
35
51
50
1
1
84
86
35
29
44
37
48
44
33
15
21
29
71
60
42
42
38
35
8
9
62
64
11
14
57
54
16
19
73
69
10
11
71
68
33
32
48
40

Tertiary
M
F
14
9
3
1
44
46
11
11
15
13
11
9
7
4
6
4
11
8
29
26
30
30
11
11
19
21
12
10

NoEd
M
13
17
1
3
0
9
12
2
9
0
1
0
0
7

F
30
30
1
4
0
22
34
7
14
0
3
0
0
16

“American” scenario
Primary
Secondary
M
F
M
F
21
17
44
36
38
33
33
28
6
6
48
47
28
29
49
48
1
1
72
74
28
24
43
38
35
32
38
25
23
30
60
50
33
34
40
37
8
9
58
60
11
14
56
54
14
18
67
64
9
10
66
64
26
26
48
41

Tertiary
M
F
22
17
12
10
45
46
20
19
26
25
20
17
14
10
15
13
17
15
33
31
31
29
19
18
25
25
19
17
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Figure 2. Population between 20 and 65 years of age with
secondary education or more (in millions) in three world
regions between 2000 and 2030. Source : authors’
calculations.

of size, its educated population is currently still smaller.
South Asia is far behind, with an educated workingage population less than half the size of that in the
other two regions. By 2005, China’s educated
population will exceed that of Europe/North America
and continue to grow. Europe/North America will still
have the highest educational levels of working-age
population, but in terms of absolute numbers of
educated people, this region will fall behind China.
Over the next 20 years, South Asia’s working-age
population is expected to swell past China’s, but its
educational composition shows a different story. In
2030, 73% of China’s working-age population will be
better educated (secondary plus tertiary), compared
with only 40% in South Asia. The reason for this
divergence is clear: the investment that China has
already made in primary and secondary education.
Over the next three decades, China’s educated
working-age population is likely to increase from 390
million to 750 million, while that of Europe/North
America will only increase from 430 million to 510
million by 2030 (Figure 2). These significant changes

Wolfgang Lutz
Leader

Marilyn Brandl

in the numbers of skilled workers are likely to have
far-reaching consequences on the weights nations
hold in the global economic system.
In terms of policy priorities, this study demonstrates numerically how vital near-term investments
in education are for the longer-term human resources
of a country, thus confirming an often-held qualitative
view. There is convincing evidence (e.g., Lutz, 1994)
that of countries that were at comparable stages of
development in the 1960s, those that invested heavily
in education clearly do better today by virtually all
health and development indicators.
Projections, such as those presented here, can also
contribute to making policy planning more realistic.
For instance, the Cairo Programme of Action, a document agreed to at the 1994 International Conference
on Population and Development that has guided
population-related policies around the world, cites
halving female illiteracy within 15 years as one of its
major quantitative and verifiable goals. The projections
presented here show that, even under the unrealistic
assumption of universal primary education for all girls
around the world, this goal can only be reached by
around 2030. This example indicates the clear need for
better interaction between the science and policy
communities in the field of population.
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Asian MetaCentre Enters Second Year
The Asian MetaCentre for Population and Sustainable
Development Analysis is moving into its second year
of successful operation. Launched with the help of
IIASA and funded by the Wellcome Trust’s Population
Studies Programme, the MetaCentre is not only a
conceptual hub in cyberspace, but a welcoming and
well-organized haven for scores of population experts
across Asia and the world.
Why the focus on population studies in Asia?
First, Asia’s population has more than doubled over
the past 50 years, growing from 1.5 billion in 1950
to 3.7 billion in 2000. This region is home to more
than 60% of the world’s total population, who live
on only 24% of the world’s land surface (excluding
Siberia). Asia’s population is expected to increase
to around 5.2 billion over the next 50 years. Its sheer
size alone will make it a key determinant of the
future of humankind. Second, with its overly rapid
economic growth, dramatic changes in population
age structure and social structure in general, and
“hot spots” of urban air pollution and ecosystem
destruction, Asia is an ideal place to study some of
the most serious problems confronting humanity
today. Despite these facts, the scientific attention
given to Asia’s population thus far has been minimal
in comparison to its global importance. It is time to
devote major scientific attention to the analysis of
PDE (population–development–environment)
interactions in Asia. The Asian MetaCentre was
established to help meet this need.
The MetaCentre has a 21st century mode of
operation. It is not a new institution per se, but consists
of several research centers united under an umbrella
organization, with most of the collaboration occurring
via the Internet. This innovative institution is lent
strength by the high degree of collaboration the
Internet-based structure affords. The intensive networking established among existing centers is intended
to both strengthen the individual centers and create a
research environment that goes beyond their individual
capabilities.
The partners in this MetaCentre are the Centre
for Advanced Studies, Faculty of Arts and Social
Sciences, National University of Singapore (location
of the MetaCentre’s headquarters); the College of
Population Studies, Chulalongkorn University,
Bangkok, Thailand; IIASA; and the National Centre
for Epidemiology and Population Health, Australian
National University. Additional collaborators include
Tata Energy Research Institute (TERI), New Delhi,
India; University of San Carlos, Cebu, Philippines;
Philippine Center for Population and Development,
Inc.; Institute of Population Research, Peking

Principal investigators (left to right): Wolfgang Lutz, Vipan
Prachuabmoh, and Brenda Yeoh.

University; Demographic Institute, University of
Indonesia; Institute of Policy Studies, Singapore; and
the Population Research Centre, Institute of
Economic Growth, Delhi, India. Collaboration is
open to further expansion throughout Asia.

www.populationasia.org
www.iiasa.ac.at/Research/POP
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Most threats associated with modern life—from AIDS
and traffic congestion to climate change and nuclear
catastrophes—are perceived as problems typical of an
urban–industrial world. The countryside is usually
associated with peaceful villages and spectacular
landscapes scattered with family farms, where cows
graze on lush green meadows.
But this pastoral image was shattered a few years
ago when the medical term “bovine spongiform
encephalopathy” (BSE) began to appear in international news headlines. A broad public in Europe
suddenly felt deeply threatened by something that
obviously originated in the countryside. For months,
images of stumbling “mad” cows, devastated farmers,
and piles of burning animal carcasses dominated the
news. These images became even worse when the
highly contagious foot and mouth disease (FMD) began
to spread in the United Kingdom and it became
necessary to implement drastic
emergency veterinary measures.
More than two million animals
(411,000 cattle, 1,840,000 sheep,
108,000 pigs, and 2,000 goats) had
to be killed and burned, and large
rural districts had to be closed
down for almost all travel—a
disaster for the tourist industry in
these areas.
Through these recent events,
the public in Europe became
aware how closely urban life is
still connected to the rural world.
Consumer preferences—for
instance, our great appetite for
inexpensive meat and milk
products—have promoted largescale livestock production systems with highly specialized
farms and long-distance animal
transport, a factor that contributed to the spread of FMD.
People began to understand that
the logistics of our food chain
and the quality and safety of our
food products greatly depend on
conditions in rural areas.
options spring 2001

A New IIASA Research Initiative
The concerns and trends in Europe’s countryside have recently motivated IIASA to start a
new initiative on European Rural Development
(ERD). Its objectives are to explore whether a
new project for studying problems and opportunities of rural development in Europe is
feasible. During a first phase, the ERD Initiative
has contacted researchers and decision makers
in IIASA member and non-member countries
to identify research needs in the field of rural
development and to build a network of
potential collaborators. Based on these
discussions, the Initiative developed initial
research ideas and concepts, which were
discussed in a workshop in Warsaw in early
May 2001 with participants from most of the
European IIASA member countries. The ERD
Initiative has also started to develop an ERD
Web site with online databases and models,
which will be a core element of the Initiative’s
Internet-based networking and publishing
strategy. The ERD Initiative is led by Gerhard
K. Heilig (heilig@iiasa.ac.at). For information,
see www.iiasa.ac.at/Research/ERD.

Why Are Rural Areas Important?
The recent problems in agriculture have certainly
heightened the public’s awareness of the rural world,
but experts have been arguing for years that we should
pay greater attention to the deep structural problems
of our countryside. For instance, many rural areas have
been undergoing a dramatic demographic change: the
population is simultaneously aging and declining as a
result of extremely low fertility and out-migration of
young people. Areas in northern Sweden, eastern
Finland, and central Spain, France, and Greece in
particular are threatened by depopulation.
Yet while the population is declining in some rural
areas, it is increasing in others. Many beautiful
landscapes are being transformed (some would say
destroyed) by sprawling tourist settlements, country
houses for wealthy urbanites, and large-scale sports
facilities such as golf courses and ski slopes. These semiurban recreational zones stretch for dozens of
kilometers through Alpine valleys in Austria and France
and along coastal zones in northern Italy, France, and
Spain. Their population density can peak seasonally at
levels quite comparable with those in urban areas, but
they are still rural areas in many other respects.
The expected European Union (EU) enlargement
will bring special problems, but also opportunities, to
the rural areas of the accession countries, particularly

Poland, which still has a large agricultural population.
However, we expect growing pressure on the
agricultural sectors of current member states once their
subsidies have to be reduced to compensate for the
expenses of the enlargement and the costs of
combating BSE and FMD.
Other developments that will affect rural areas in
Europe in particular are the ongoing globalization of
food trade, the structural changes introduced by the
EU’s new Common Agricultural Policy, or CAP
(Agenda 2000), and the impact of biotechnology on
agricultural production.
While there are many threats, there are also new
opportunities for rural areas. The change in Europe’s
economy from materials- and production-based
industry to information- and knowledge-based services
could bring new businesses to the countryside. Many
jobs are becoming location independent. Stockbrokers,
software programmers, insurance agents, real-estate
managers, management consultants, publishers,
researchers, Web designers, and other “knowledge
workers” can do much of their work over the Internet
from wherever they choose. They might increasingly
settle in attractive rural living environments—a trend
already observable in some parts of Sweden, Finland,
Germany, and Austria (“work global, live local”). This
could bring younger, highly educated people to the
countryside, something desperately needed for
development. Contrary to past waves of suburbanization on the urban fringe, these urban–rural migrants
might move farther into the countryside, because they
do not have to commute to their urban offices on a
daily basis.
Europe’s emerging high-bandwidth communication infrastructure also offers new possibilities in very
remote rural areas. Information-related services, such as
banking, high-quality health services, university education, and professional training (distance learning),
might come to these areas and make them more
attractive for young people and new businesses.
Growing environmental concerns on the part of the
population could also bring new opportunities to the
countryside. If we want to preserve a high diversity of
plant and animal species, we must not only set aside
rural areas for national parks and biosphere reserves,
but also develop viable economic solutions for the
population living there. Rural areas might also benefit
from the growing need to develop renewable energy
sources—from wind and solar parks to biomass
production.

Basic Assumptions and Concepts
Rural development is a multi-dimensional process. It not
only includes the ongoing changes in agriculture and
forestry, but also the developments in rural industry
and the service sector. The public policy impact on

rural development is obvious, particularly the legal
and financial measures of the EU. But there are other
driving factors that are less noticeable, such as
technological innovation, demographic transition,
changes in social structure, and growing public
support for environmental protection. The ERD
Initiative has therefore distinguished five dimensions
of rural development (see Figure 1):
• Human dimension: In addition to demographic
trends, this dimension includes the education of
the population and the rural social structure and
culture, as well as the impact of urban lifestyle
changes on rural areas (such as the consequences
of consumption preferences).
• Economic dimension: The relevance of agriculture and forestry for rural development is
declining, while rural industries and service
sectors, especially tourism, are gaining importance. In some parts of Europe, a “new” economy
is coming to the countryside, with call centers,
software businesses, and high-tech production
sites.
• Resources and environment: In the long run,
rural development is only possible if essential
natural resources (such as water) are not wasted,
the cultural landscape is preserved, soils, water,
and air are not polluted, and the biological
diversity of plants and animals is safeguarded.
Unlike cities, where we can live and work in a
highly artificial environment, rural areas depend
on natural resources and a healthy natural
environment for many of their economic
activities, such as tourism, food production, and
forestry.

Human dimension

Economic dimension

Demography

Agriculture

Education

Forestry

Social structure

Rural industry

Culture
Urban lifestyle

Rural
development

Services
Tourism
New economy

Science & technology
Biotechnology

Political dimension
Resources & environment

EU enlargement

IT / Internet

Pollution

Food safety

Other trends

Biodiversity

Subsidies/WTO

Degradation

Lobbying

Land-cover change
Fragmentation

Figure 1: Dimensions of rural development.
www.iiasa.ac.at
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Political dimension: The importance of this aspect
of rural development is illustrated by the fact that
more than half the EU’s budget is spent in rural
areas—primarily for subsidizing agriculture. There
can be no doubt that political pressure from
various interest groups has a great impact on the
development of Europe’s countryside.
• Science and technology: The rural world is not
isolated from the impact of technological
change. The revolution in biotechnology and
the expansion of communication networks in
particular will probably affect rural areas.
A systems analysis will also give special attention
to the dynamics of rural development. Such development is certainly not a linear transition, but a cyclical
process in which at least four stages can be distinguished (see Figure 2).
A development cycle begins when someone, or more
often a group of people, has an economic, social,
demographic, political, or environmental problem, or
when someone sees a chance to improve current
conditions. This initiative can come from people living
and working in rural areas (a bottom-up approach) or
from planners and decision makers (a top-down
approach). The most important task at this stage is to
clearly identify and describe the problem or opportunity.
Scientists can help at this stage by using empirical
methods to systematically analyze the causes of current
problems and opportunities, such as changes in
technology, economic conditions, or other driving factors.

Table 1. Population aged 65+ as a percentage of total
population, 1997; farmers aged 65+ as a percentage
of all farmers, 1995.
Age group 65+
Total
population
Germany
15.9
Finland
14.2
Austria
15.7
France
15.9
Belgium
16.7
Netherlands
13.1
Luxembourg
14.3
Sweden
17.8
United Kingdom
16.0
Denmark
14.9
Ireland
11.5
European Union (15) 15.8
Spain
15.4
Greece
16.5
Italy
17.1
Portugal
14.8

Farmers Difference
7.0
–8.9
7.0
–7.2
9.0
–6.7
15.0
–0.9
17.0
0.3
15.0
1.9
17.0
2.7
21.0
3.2
20.0
4.0
22.0
7.1
20.0
8.5
26.0
10.2
26.0
10.6
31.0
14.5
36.0
18.9
35.0
20.2

Source: European Communities, 1999, Eurostat Yearbook
98/99: A Statistical Eye on Europe 1987–1997, Brussels,
Belgium, pp. 26, 345.
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Analysis

Policy

Status quo: Identify
problems & opportunities

Balance objectives,
values & interests

What is the situation?

Who are the players?
What do they want?

Implement
development measures

Develop realistic
strategies & scenarios

Which measures are
implemented?

What could be done?

Implementation

Modeling

Phases that can be supported by (systems) research
Phases that require public participation and the involvement of
politicians, planners, entrepreneurs

Figure 2: Typical development cycle.

In a free society, the various rural actors will
often disagree on the development objectives.
Farmers, environmental activists, food industry
managers, owners of hotels and tourist facilities,
rural business owners, and local politicians may have
different values and interests. A political negotiation
process in which all relevant actors can participate
is therefore an essential stage in every development
cycle.
The political process of balancing divergent
development targets is usually much easier with clearly
defined strategies or scenarios. Political opponents
might find it easier to reach a consensus if they can
decide between a small number of realistic development alternatives. This is where scientists can help by
designing models or scenarios based on different
development priorities. Usually, several alternating
phases of political negotiation and development of new
scenarios or strategies will be necessary for achieving
political consensus.
The fourth stage in a typical development cycle is
dominated by planners and implementers. At this stage
the main problem is identifying and implementing
specific development measures. This requires technical
experts in fields such as financing, administration, and
auditing. At this point, it is also essential that
entrepreneurs take over by actually starting new
economic initiatives. Of course, these entrepreneurs
can also be farmers starting new types of integrated
production or marketing.
These are some of the important questions and
issues that would be analyzed in the suggested IIASA
research project.

Global Forum on Sustainable Energy
The first meeting of the Global Forum on Sustainable
Energy was held from 11–13 December at IIASA. The
meeting, which focused on Rural Energy: Priorities
for Action, was sponsored by IIASA, The United
Nations Development Programme, and the Austrian
government and was attended by more than 120
participants.
The meeting concluded with a plea for the increased
use of energy policy interventions with a view to
eradicating poverty and achieving internationally agreed
development targets. Recent studies clearly demonstrate
how a lack of access to modern energy carriers limits
development opportunities, perpetuates poverty and
social injustice, and places severe burdens on human
health and the local, regional, and global environment.
To achieve the goal accepted by the international
community of halving the proportion of people living
on less than US$1 per day by 2015, access to affordable
modern energy is a prerequisite.
At the meeting, Nebojša Nakićenović from IIASA
discussed technological change in relation to rural

energy systems. He considered scenarios for the 21st
century in terms of technological developments
required to achieve access to affordable and clean rural
energy services. Stressing that 1.3 billion people live
on less than US$1 per day and that technology diffusion
takes at least 20 years, Nakićenović said efforts to
“leapfrog” rungs of the “energy ladder” should aim at
the very top of the ladder. Recommended actions
include capacity building and ensuring an appropriate
environment and necessary mechanisms for private
and public technology transfer activities.
Among the other key policy issues that need to be
addressed are instituting market reform to attract more
investment; implementing realistic pricing and payment
systems; linking local agriculture and cottage industries
to rural energy development; enhancing coherence
between finance, energy, and environment agencies,
both domestic and international; and making use of
synergies between greenhouse gas reduction strategies
and modern energy services.
For further information, contact naki@iiasa.ac.at.

Population Aging a Hot Topic Worldwide
IIASA’s Social Security Reform (SSR) Project has
organized three workshops on population aging. The
first two workshops took place in London and the
last is to be held in Helsinki in June.
The first two meetings, organized in collaboration
with the Centre for Pensions and Social Insurance
(jointly housed at the Birkbeck College Department
of Economics and the City University Department of
Actuarial Science), were entitled “Population Aging
and Health” (27 January 2001) and “Population Aging
and Financial Markets” (20 April 2001). Leading
experts from around the world gathered at the British
Academy to hear presentations about the impacts of
population aging on these important sectors and to
discuss directions for policy-oriented research.
The third workshop, organized jointly with the
Research Institute of the Finnish Economy (ETLA)
and scheduled to take place on 11–12 June 2001, is
tentatively titled “Economic–Demographic Modeling
in an Aging World.” Many researchers are now using
a variety of approaches to study the economic effects
of population aging, ranging from highly complex
overlapping generations models (OLGs) to traditional

macroeconomic models modified to take age
structure into account. It is hoped that the Helsinki
meeting, at which participants will exchange views,
experiences, and results, will mark the beginning of
a regular “modelers’ forum.”
Finally, in cooperation with IIASA’s Economic
Transition and Integration (ETI) Project and the
World Bank, and in association with the European
Commission, the SSR Project organized two
meetings on pension-related topics. The first was a
one-day research workshop titled “Political Economy
of Pension Reform,” held at IIASA on 5 April. The
second meeting, held on 6–7 April, was a large-scale
conference in Vienna titled “Learning from the
Partners.” Participants formed teams from 12
European Union (EU) member countries, which
were paired with teams from 10 EU accession
countries, who described and discussed their practical
experiences with pension reform. The conference,
attended by around 100 government officials, experts,
and scholars, received prominent press coverage.
Financing of the two meetings was arranged by
IIASA, the World Bank, and the Austrian government.
www.iiasa.ac.at
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YSSP 2000: Scholarship
Recipients Announced
Three outstanding young scientists have been selected
to receive IIASA’s Peccei and Mikhalevich Scholarships
for 2000. Peccei Scholarships were awarded to Ulrike
Dusek of Austria from the University of Washington
for her work on the Transboundary Air Pollution
Project and to Odd Godal from the University of
Bergen, Norway, for his work in the Risk, Modeling
and Society Project. The Mikhalevich Scholarship was
awarded to Kalle Parvinen from the University of
Turku, Finland, for his work in the Adaptive Dynamics
Network Project.
Ulrike Dusek researched secondary organic
aerosols in the atmosphere, a complex subject about
which much remains to be understood. One significant area of uncertainty addressed by Dusek
concerns the relative importance—in a European
context—of aerosols formed by atmospheric processes involving organic precursors. Her report documented what is known
about how and why the
aerosol yield varies significantly between different
volatile organic precursor
species, and how this leads
to differences in importance
between the various emission source sectors. Dusek
was able to take the work a
Ulrike Dusek
step further and suggest a
possible procedure for assessing the aerosol formation potential of source sectors directly relevant to
the RAINS model.
The approach Odd Godal took in his paper
“Simulating the Carbon Permit Market with
Imperfect Observations of Emissions” combines
theoretical proofs of convergence, given uncertainty
in reported carbon emissions,
with empirical simulations
of the carbon permit market.
The simulation centers on
one of the open issues regarding emission trading in
the Kyoto Protocol: how to
improve monitoring of a
protocol that includes emission trading with countries
where emission inventories
Odd Godal
are highly uncertain. Godal
sketched out the possible cost of reducing this
uncertainty.
18
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Kalle Parvinen successfully tackled two difficult
problems of evolutionary ecology: (1) How must we
expect the migration behavior of fragmented populations to respond to changing
environmental conditions?
and (2) How do these responses affect the viability of
such populations and which
routes to extinction have to
be considered for their management? Parvinen completed
two articles, “Evolution of
Dispersal in MetapopulaKalle Parvinen
tions with Local Density
Dependence and Demographic Stochasticity” and
“Evolutionary Suicide and Evolution of Dispersal in
Structured Metapopulations,” and it is hoped that both
will be published in peer-reviewed scientific journals.
The scholarships allow the young scientists to
return to IIASA for three months to continue their
research.

Martin Shubik
Delivers Recent
Koopmans Lecture
Martin Shubik, of Yale University’s Department of
Economics, presented IIASA’s most recent Tjalling
Koopmans Lecture. His talk featured the History and
Theory of Money and Financial Institutions and
sketched a timeline of the development of both. It also
highlighted observations on the physical aspects of
finance and how these can be interpreted in terms of
economic theory.
The Koopmans Distinguished Lecture Series at
IIASA was named for the late Tjalling Koopmans
(1910–1985), Nobel Prize–winning economist at
Yale University. Koopmans was much involved with
IIASA during the 1970s and continued to exert an
important influence on the Institute until his death.
The Lecture Series began in 1994 with a talk by
Professor Kenneth Arrow of Stanford University,
also a Nobel Prize winner.
For further information, see www.iiasa.ac.at.

In Memoriam
Thomas H. Lee, former IIASA
Director and MIT Professor
Emeritus, died on 4 February
2001 at the age of 77. He was
the Institute’s fourth director,
his term lasting from 1984 to
1987.
Important new scientific
activities under his supervision
included the establishment of
the Technology, Economy and Society Program and
the Advanced Computer Applications Project. A new
initiative that was finally launched during his term after
a long incubation period was the Processes of
International Negotiations (PIN) network.
Lee also initiated the collaboration between IIASA
and China that has expanded over the years and
generated significant scientific results and substantial
attention.
Dr. Lee, a native of Shanghai, China, began his career
as a physicist and developed the first vacuum circuit
breaker, an accomplishment that allowed the efficient
long-distance transmission of electricity. In 1980, he
joined the Massachusetts Institute of Technology as the
Philip Sporn Professor of Energy Processing.
While at IIASA he became interested in quality
management. Upon his return to the USA in 1989, Lee

founded the Center for Quality Management in Boston.
During the past decade, Dr. Lee led studies for the US
National Academy of Sciences and the National
Academy of Engineering.
Donella H. Meadows, a pioneering environmental
scientist and writer, died earlier this year in New
Hampshire after a brief illness. Her association with
IIASA began in 1977 and continued for more than a
decade. She was best known to the world as the lead
author of the international bestselling book The Limits
to Growth (1972). The book, which reported on a
study of long-term global trends in population,
economics, and the environment, sold millions of
copies and was translated into 28 languages. She was
also the lead author of the 20-year follow-up study,
Beyond the Limits (1992), with co-authors Dennis
Meadows and Jørgen Randers.
Seppo Salo, professor of mathematics at the
Department of Economics and Management Science
of the Helsinki School of Economics, Finland, died
on 22 February 2001. He was a research scholar in
the Forest Sector Project at IIASA during the summers
from 1982–1985. Dr. Salo studied problems in
mathematical economics and developed methods for
optimization.

New Staff at IIASA
Staff Member
Mika Aromäki
Sergei Aseev (former YSSP)
Vladimir Benacek
Maggi Elliott
Robert Evenson
Monica Goldman
Patsy Haccou
Walid Khalifa*
Linda Kneucker*
Erich Kremsner*
Aileen Luis
Asami Miketa (former YSSP)
Ignez Miranda Tristao
Sybille Paulhart
Elisabeth Schachermayer-Schilling
Mahendra Shah*
Erik Solem
Alexandre Tarasiev*
Harrij van Velthuizen*
Anja Wickenhagen
Bing Zhu*

Project
Land-Use Change (LUC)
Dynamic Systems (DYN)
Economic Transition and Integration (ETI)
Publications (PPU)
Transitions to New Technologies (TNT)
Land-Use Change (LUC)
Adaptive Dynamics Network (ADN)
Land-Use Change (LUC)
Information Management and Archives Office (IMA)
Transport (TR)
Finance and Budget (FAB)
Environmentally Compatible Energy Strategies (ECS)
Transitions to New Technologies (TNT)
Finance and Budget (FAB)
Risk, Modeling and Society (RMS)
Land-Use Change (LUC)
Population (POP)
Dynamic Systems (DYN)
Land-Use Change (LUC)
Land-Use Change (LUC)
Environmentally Compatible Energy Strategies (ECS)

Country
Finland
Russia
Czech Republic
USA
USA
USA
Netherlands
Egypt
USA
Austria
Austria
Japan
Brazil
Austria
Austria
UK
Norway
Russia
Netherlands
Germany
China

*Returning staff member

www.iiasa.ac.at
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Recently Published
Power and Negotiation
Can asymmetrical negotiations (those between
countries not equal in power) be more efficient and
effective than symmetrical negotiations? When weaker
and stronger parties negotiate,
each knows its role and is able to
secure appropriate benefits in the
agreement. In cases of symmetry
or near symmetry, the countries,
whether equally weak or equally
strong, tend to spend most of the
time maintaining their status at
the expense of a timely agreement.
Rejecting the notions of power as a resource and power
as an ability, the authors define power as an act that is
designed to cause another party to move in a desired
direction.
Power and Negotiation, edited by I. William
Zartman and the late Jeffrey Z. Rubin, looks at symmetrical and asymmetrical negotiations, and at a
situation with mixed symmetry. This book is available
from The University of Michigan Press for US$47.50.
For further information, see www.press.umich.edu.

Deep Well Injection of
Liquid Radioactive Waste
at Krasnoyarsk-26

Environmental hazards do not
respect international boundaries.
Transboundary Risk Management,
edited by Joanne LinneroothBayer, Ragnar E. Löfstedt, and
Gunnar Sjöstedt, presents numerous case studies of transboundary
risks and the issues they raise,
contributing significantly to their
understanding and management. The authors examine
nuclear power plants, genetically modified crops,
bovine spongiform encephalopathy, air pollution,
dams, risk communication, public participation, and
international negotiation.
These topics highlight the key political, economic,
social, and cultural issues of our times, such as how
these risks are constructed, how they are communicated within and between countries, how the
authorities can build trust in political management
processes, and what forms of democratic risk
management institutions are appropriate. Useful
practical lessons on the management of transboundary
risk at the national and international levels are drawn
from the case studies.
The book is available for £24.95 from Earthscan
Publications: www.earthscan.co.uk.

Culture and Negotiation
Translated into Chinese

IIASA’s RAD Project has recently published Volume
II of its study on Deep Well Injection of Liquid Radioactive
Waste at Krasnoyarsk-26, edited by Keith Compton,
Vladimir Novikov, and Frank L. Parker.
Volume I of this report presents detailed information about radioactive waste disposal at the Mining and
Chemical Combine (MCC), about 50 km north of
Krasnoyarsk in the Russian Federation, along with an
evaluation of the safety of the site
under normal post-operational
conditions.
Volume II, on Analysis of
Hypothetical Scenarios, deals with
the likelihood and consequences
of hypothetical accidents and
extreme natural events after site
decommissioning, including a
brief overview of the factors involved in the development of decommissioning plans at the site. Further
information is available on IIASA’s Web site at
www.iiasa.ac.at/Research/RAD.
20
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A Chinese translation of
Culture and Negotiation: The
Resolution of Water Disputes has
recently been published by
the China Social Science
Documentation Publishing
House, Beijing. The book,
edited by Guy Olivier Faure and
the late Jeffrey Z. Rubin of IIASA’s
PIN network, was originally published in 1993 by Sage
Publications. Culture and Negotiation was the outcome
of cooperation between UNESCO and IIASA. The
cultural factors bearing on international negotiations are
a topic of importance, not least in the environmental
field. The book’s strength is its combination of a lucid
and comprehensive discussion of issues and concepts
with a series of case studies concerning specific rivers
and the people who live and produce on their banks
and tributaries. The result throws interesting light
on the cultural parameters of human agreement and
discord and offers useful, practical pointers for the
art of negotiation. For further information, e-mail
Ms Xi Cheng: xi_cheng@hotmail.com.

Available on CD-ROM
RAINS-Asia
The Regional Air Pollution Information and Simulation (RAINS-Asia) model, available on CD-ROM, is a tool for
analyzing cost-effective strategies for reducing environmental impacts of SO 2 emissions in Asia.
Since the completion of Phase 2 of model development (funded by the World Bank), it is now possible to
assess ambient SO 2 concentrations for their relevance to human health, as well as to evaluate sulfur deposition,
which damages plants and aquatic ecosystems. The new optimization tool enables users to identify the emission
control strategies that meet environmental targets at the least costs.
The new RAINS-Asia CD-ROM includes these key features:
• Estimates of historic and future (1990–2020) sulfur emissions in Asia for a
range of economic development scenarios
• Coverage of 24 countries in Southeast Asia (from Pakistan over India and
China to Japan and from Mongolia to Indonesia)
• Distinction of more than 100 administrative regions and 400 individual
large point sources
• Assessment of the cost-effectiveness of emission control measures
• Cost estimates of emission control strategies
• Assessment of the atmospheric dispersion of SO2 emissions
• Impacts of emission control measures on regional sulfur deposition and
concentration levels
• Optimization tool to identify least-cost emission control measures
• An online help system
The CD-ROM is operational on Pentium PCs with Windows 95/98/NT/2000 operating systems. The software
can be ordered from IIASA (contact: gottsleb@iiasa.ac.at) for a handling charge of US$50. For a limited number
of users from Asian developing countries and Japan, costs will be covered by the Asian Development Bank.
More information is available on IIASA’s Web site: www.iiasa.ac.at/~rains.

GAEZ 2000: An Integrated Tool for
Land-Use Planning/Sustainable Agriculture
A major challenge of the 21st century is the sustainable use of land and water resources for food production
and food security to meet the needs of a world population of some 9.3 billion by 2050.
The Food and Agriculture Organization of the United Nations (FAO) and IIASA’s Land-Use Change (LUC)
Project developed the Agro-Ecological Zoning (AEZ) system for formulating and testing rational land-use planning
options on the basis of biophysical limitations and potentials. The AEZ methodology provides a standardized
framework for characterizing climate, soil, and terrain conditions relevant to agricultural production.
Global Agro-ecological Zones (GAEZ) 2000, the third CD-ROM issued by the FAO in collaboration with
LUC, includes the following:
• Examples of land productivity quantifications
• Estimations of extents of land with rain-fed or irrigated cultivation potential
• Occurrences of environmental constraints to agricultural production
• Indications of possible “hot spots” of agricultural conversion
• Impacts of climate variability
• Likely geographical shifts of agricultural land potentials as a result of changing climate
The AEZ scenario approach is uniquely suited to quantify spatial and geographically explicit impacts on
agricultural production. It inputs assumptions and information related to developments in crop varieties and
agricultural technology, as well as climate variability, extreme events, and long-term climate change. GAEZ
2000 provides an integrated tool for land-use planning and sustainable
agricultural resource development. Its results are vital for policy analysis
concerning food security.
The CD-ROM is operational on Pentium PCs with Windows 95/98/NT/2000
operating systems. GIS software with raster format capabilities is needed for
using downloadable maps. An executive summary and the accompanying
technical report are available in PDF format from IIASA’s online Publications
Catalog.
GAEZ 2000 (ISBN 92-5-104504-6) can be ordered for US$40 from: Sales
and Marketing Group, FAO, Viale delle Terme di Caracalla, 00100 Rome,
Italy; E-mail: publications-sales@fao.org; Fax: (+39) 06 570 53 360.
More information is available at www.iiasa.ac.at/Research/LUC/GAEZ.

“A first rate exercise in multi-disciplinary analysis....
It amounts to a timely exploration of the major challenges ahead.”
Norman Myers in Nature
“A balanced, accessible, and highly informative review and analysis of one of the most critical
environmental issues we face in the 21st century. Indispensable reading for researchers and
policymakers with an interest in population and environment relationships.”
John Bongaarts, The Population Council, USA
“…a well argued and comprehensive treatment of the role of population in the climate change
debate that belongs on the shelf of everyone who is seriously interested in climate policy…”
Steve Schneider, Stanford University, USA
“This is the first systematic, quantitative work to be done on population, climate, and the environment.
It is expert, thorough, and, what is most pertinent, believable. It will prove to be the starting point for
anyone who wishes to understand and work on this most important of problem areas.”
Partha Dasgupta, Cambridge University, UK

Population and Climate Change provides the first
systematic in-depth treatment of links between two
major themes of the 21st century: population growth
and associated demographic trends such as aging,
and climate change. The book examines the role of
demographic factors in greenhouse gas emissions
and asks how population affects societies’ and
institutions’ ability to respond to the potential
impacts of climate change. Based on this review,
it considers whether climate change strengthens
the case for population policies.

Population and Climate Change is published by Cambridge University Press
in association with IIASA, priced at £30.00/US$49.95 (ISBN: 0-521-66242-7).
Cambridge books are available from good bookshops.
Alternatively, order direct by phone: UK +44 (0)1223 326050,
or fax: UK +44 (0)1223 32611.
You can also order online at http://www.cup.cam.ac.uk (UK)
or http://www.cup.org (USA).
E-mail hproctor@cup.cam.ac.uk for more information.
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