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foreword

IIASA’s 40th Anniversary Conference, which took place in October 2012 in the 
Hofburg Congress Center, Vienna, Austria and at IIASA in Laxenburg, brought together 
scientists from nearly fifty countries, from young post‑docs to nobel prize winners, 
together with senior policy makers from all over the world, to provide insights and 
perspectives on the challenges posed by environmental and societal changes.

Scientific Highlights summarizes the presentations and discussions throughout the 
conference and provides some reflections on the implications for future research in 
support of transformations towards sustainability. It not only shows the range of topics 
and disciplines that was discussed but also the linkages and feedbacks between the 
scientific fields and thematic sectors, which is a clear illustration of how systems science 
can contribute to resolving the challenges of global transformation and change.

Scientific Highlights is one of a series of publications, which together provide a 
comprehensive overview of the IIASA Conference 2012. The other publications are:

 � Voices (2013) summarizes the conference sessions and provides a short‑form version 
of all presentations.

 � IIASA Policy Brief #10, Worlds Within Reach—From Science to Policy: IIASA 40th 
Anniversary Conference (2012), provides a short summary of the conference from 
the perspective of science journalist fred Pearce, of the United Kingdom Guardian 
and New Scientist.

 � Selected papers from the conference are to be published in a special issue of 
Technological Forecasting and Social Change (forthcoming).

I would like to thank all my colleagues at IIASA, and especially nebojsa nakicenovic, 
for their efforts and devotion to make this important event in IIASA history such 
a success and unforgettable experience for many. Special thanks also to Jill Jäger 
for leading the team of rapporteurs at the conference and for her indispensable 
contributions to the conference publications.

IIASA’s 40th Anniversary Conference was truly a successful event, measured both by the 
depth of scientific discussion and the level of interaction between science, policy, and society. 
The conference illustrated that IIASA, a unique institution founded 40 years ago as 
a bridge of independent, top‑level science over a divided world, is ready to launch 
the next part of its journey. There are still many divides in the current world where 
international science and independent science diplomacy can become an important 
catalyzer and that is where I see IIASA’s role in the future.

Pavel Kabat
Director General and Chief executive officer, 
IIASA
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the Challenges

As documented in numerous recent studies and discussed by many speakers at IIASA’s 
40th Anniversary Conference, recent decades have been characterized by a number of 
challenges: unprecedented biodiversity losses; increasing greenhouse gas concentrations 
and stratospheric ozone depletion; ocean acidification and overexploitation of global 
freshwater; deforestation, desertification, and soil loss; and changes in the global 
nitrogen and phosphorus cycles. These environmental challenges interact with a 
wide range of socio‑economic issues, including demographic change and poverty. 
At the same time, the Information and Communications Technology revolution has 
been changing everything from how information is used to the way business is done. 
Accompanying these trends have been higher levels of globalization and market 
integration, fundamental shifts in economic and global power from West to East 
and North to South, and considerable social conflict. Given the speed and nature 
of all of these changes, argued Berrien Moore, the “big unknown” is what further 
surprises are in store for us.

http://conference2012.iiasa.ac.at/person.html?code=moore&scode=s1s1
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transformation

Meeting the challenges of unsustainable development will require transformation. That is, rather 
than small adjustments being made to business as usual, major structural changes will be necessary. 
As Nebojsa Nakicenovic pointed out, known transformational changes have occurred in the past, 
the first being the Neolithic Revolution. Until then—about 10,000 years ago—a population of 
about 7 million human beings lived in hunter–gatherer societies. With the Neolithic Revolution, 
the human population grew 100‑fold to 700 million. Then, with the Industrial Revolution 
which began in the late 1700s, the population increased another 10‑fold to seven billion, 
with economic output growing 100‑fold and greenhouse gas emissions 30‑fold.

Studies have shown that there have been four main drivers of past transformations: 
visions, crises, technology, and knowledge. These drivers usually acted not in isolation but 
rather in tandem with each other. The grand transformations currently occurring are taking 
place, for instance, in: (i) education—some 80% of the global population has primary school 
education and half has secondary or better; (ii) democratization—half the world’s population 
lives under participatory government, which means much greater involvement by civil society 
and a fundamental difference in how decisions are made and how science is taken into account; 
(iii) urbanization—half of the world’s population lives in cities and up to 90% in industrialized 
countries, and this proportion is growing around the world. Furthermore, as Jeffrey Sachs 
pointed out in his video presentation at the conference, the enormous capacity that has been 
developed and installed during the last 50 years to store, transfer, and manipulate data will 
fundamentally transform all aspects of the world economy. Both Sachs and Nakicenovic did 
point out, however, that technological change comes with what Joseph Schumpeter called 
the “gales of creative destruction.” Making the best of this technological revolution will 
require that the accompanying disruptive changes are also harnessed.

the changes in global population 
during past global transformations 

(neolithic and Industrial revolutions).
from the presentation of 

nebojsa nakicenovic
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 Normative goals, visions
 Abolition of slavery, participatory governance, EU

 Crises, “gales of creative destruction”
 The Great Depression, financial crises, disasters

 Technology, rapid innovation diffusion
 Substitution of carriages by cars, IT-revolution

 Knowledge, research-driven society
 Precautionary principle—ozone layer, climate change 

http://conference2012.iiasa.ac.at/person.html?code=iinaki&scode=s1s1
http://conference2012.iiasa.ac.at/person.html?code=sachs


3Scientific highlights of the IIASA Conference 2012 conference2012.iiasa.ac.at

transformation

Dirk Messner focused on societal transformation toward sustainability, emphasizing 
the profound and fundamental changes that are required in human norms and values 
in many areas, including the international context, economics, the number and types 
of actors involved, and green innovation. Furthermore, while transformative policies 
can drive change, for example, in education and economics, the system cannot be 
steered from the top. The transformation will come about through co‑evolutionary 
processes among different arenas of change, a better understanding of which can 
be provided by science. Messner emphasized that a change in human belief systems 
and human behavior is required to enable the emergence of a new social contract 
under which the actors (a world population of 9 billion) would accept the planetary 
boundaries for a safe operating space for humanity.

Elements of such a social contract would include:

 � A culture of attentiveness/ stewardship for the Earth System;

 � A culture of obligation toward future generations;

 � A culture of participation and democratic responsibility; and

 � A culture of global fairness.

Each of these elements was addressed by numerous other presentations at  
the Conference.

The need for transformative change was demonstrated by Detlef van Vuuren, 
who described the use of an integrated assessment model to explore the assumptions 
under which the goals of eradicating poverty, halting climate change, and conserving 
ecosystems can be met in 2050. The analysis showed that substantial changes are 
required not only in terms of decarbonization rates, but also in the improvement rate 
of the efficiency of agricultural systems. Three possible ways of achieving the targets, 
including a focus on technology, local solutions, and consumption changes were found. 
Important linkages between the various sustainable development objectives were 
demonstrated. The results showed that access to energy and food can be achieved with 
very small environmental impacts. A fundamental question, however, relates to the type 
of governance structures that could bring about the transformative changes required to 
meet the sustainable development objectives.

A further transformation, namely, of the energy system, was discussed by Peter Hennike, 
with reference to the Energiewende in Germany. The Energiewende not only means 
phasing out nuclear energy, but also reducing non‑renewable primary energy by 50% 
by 2050 alongside a slow increase in GDP. By reaching these “revolutionary targets,” 
Germany would be the first country to demonstrate that highly developed countries can 
decouple energy consumption from GDP growth. To make the Energiewende a success 
it will be necessary to integrate policy realms, for example, through ecological–industrial 
policy to support green technology that is “Made in Germany” and to support 
resource efficiency programs.

Finally, on the topic of transformation, Michael Grubb argued that by ignoring 
the language and concepts of economics, the systems transformation community 
risks being disconnected from the mainstream of policy development. Furthermore, 
the current dash for consumption‑intensive development is a transformation that, 
from a sustainability perspective, is headed in the wrong direction.

http://conference2012.iiasa.ac.at/person.html?code=messner&scode=s2s6
http://conference2012.iiasa.ac.at/person.html?code=vanvuuren&scode=ps3s2
http://conference2012.iiasa.ac.at/person.html?code=hennicke&scode=rs3s4
http://conference2012.iiasa.ac.at/person.html?code=grubb&scode=rs3s1
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the role of Visions and new narratives

As pointed out in the previous section, one of the drivers of transformation is vision. A collective 
vision is powerful because it points to “where we want to be.” The vision outlined by Jeffrey Sachs 
encompassed a global agenda focused on sustainable development goals based on four pillars: 
(1) ending extreme poverty; (2) achieving social inclusion; (3) facing the Anthropocene by 
decarbonizing economies, building a resilient food system, and stabilizing global population 
numbers; and (4) ensuring good governance by both governments and the private sector.

Katherine Richardson emphasized the importance of developing a vision for planetary 
stewardship. This can be that of keeping within planetary boundaries or any other vision that 
helps society to acknowledge that there are limits to how much Earth’s systems can be changed. 
Developing planetary stewardship is a prerequisite for the continued development of human 
societies. Active management and stewardship of the biosphere and the Earth system are 
needed to keep the human demand for these resources within their supply.

A vision for 2050 developed by the business community was described by Björn Stigson. 
According to Stigson, business realizes that it has a huge role to play in addressing global challenges. 
“Vision 2050,” published by the World Business Council for Sustainable Development and written 
by 30 of the world’s biggest companies, provides a business perspective on the future. In that vision, 
9 billion people are living well and within the limits of the planet. Achieving this vision, would, 
according to private sector leaders, open up the biggest business opportunity ever seen in 
global business, but business and markets cannot achieve the vision on their own.

Several speakers pointed to the need not only for a vision but for a “new narrative.” While 
the narrative that has dominated in recent years is one of “problems” and “doom and gloom,” 
speakers called for a narrative of “solutions” and “opportunity.” Youba Sokona discussed the 
impacts of climate change on Africa’s efforts to pull its population out of poverty and pointed 
to the need for a new climate change narrative based on selling hope rather than despair.

Mans Nilsson discussed how a shared future vision can form the basis of a coherent development 
agenda globally. The international policy agenda around Sustainable Energy for All is an example for 
policy coherence, where interrelated challenges of basic energy access, climate mitigation, and resource 
security need to be coordinated and simultaneously addressed at multiple levels of governance. 
Indeed, as Nilsson emphasized, energy will, in one way or another, be a central component of 
future development goals, such as the currently discussed sustainable development goals (SDGs).

The Narrative of the Green Economy
Several presentations used the narrative of the green economy or of green growth, which in 
recent years has been an alternative to the old global change narrative. Justin Yifu Lin, for example, 
used the green economy narrative in describing how governments can use green technology and 
research to boost their economies, while simultaneously mitigating global warming. He pointed 
to the examples of Korea and China investing in a green economy to help them get over the 
financial crisis in 2008. Korea was also used as an example by Soogil Young, who stated that 
Korea’s green pathway involves three “axes” of transformation: infrastructural, way‑of‑living, 
and green industrial transformation. He emphasized the role of green innovation and pointed out 
that green transformation requires a holistic, comprehensive, “whole‑of‑the‑economy” approach.

The green economy narrative was also discussed by Sten Nilsson, who noted that the green economy 
is the transition of the total economy and not just a subset. It involves a fundamental change in 
production and consumption and finds new ways to create products and services more efficiently. 
In summary, the green economy is a technology‑rich, innovation‑driven, and service‑focused economy.

Helga Kromp Kolb, however, pointed to a potential pitfall in using the narrative of green growth. 
Taking the example of climate change and the deep emission cuts that will be needed to avoid 
dangerous climate change, she concluded that decarbonization of the economy will not be enough 
and that a fundamental change in paradigm is needed. The green growth narrative might suggest 
that there is a simple solution to the challenges that society faces and thus might delay the 
more deep‑rooted transformations in economy and lifestyles that are needed.

http://conference2012.iiasa.ac.at/person.html?code=richardson&scode=s1s1
http://conference2012.iiasa.ac.at/person.html?code=stigson&scode=s1s1
http://conference2012.iiasa.ac.at/person.html?code=sokona&scode=s2s5
http://conference2012.iiasa.ac.at/person.html?code=mnilsson&scode=ps3s3
http://www.se4all.org
http://conference2012.iiasa.ac.at/person.html?code=yifulin
http://conference2012.iiasa.ac.at/person.html?code=young&scode=s2s6
http://conference2012.iiasa.ac.at/person.html?code=snilsson&scode=rs3s3
http://conference2012.iiasa.ac.at/person.html?code=krompkolb&scode=rs3s3
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the role of technology

In transformations to sustainability, technology will play an important role. This was indicated 
by several speakers at the conference, including Tom Schelling, Carlo Rubbia, and Kenji Yamaji. 
As William Colglazier emphasized, science and technology have become even more important for global 
development. Nearly every country—from low to high income—has been convinced that it must engage 
on a world‑class level in science and technology to become more innovative in a highly competitive 
and interconnected world. Science and technology can help to accelerate development of the poorest 
countries and help to build knowledge‑based and environmentally sustainable societies everywhere.

Carlo Rubbia concluded that the goal of avoiding dangerous anthropogenic climate change will be 
unattainable without innovative technological options for energy supply. Options include producing 
hydrogen from fossil natural gas using the methane cracking process, but also the use of solar, wind, 
and biomass energy, for which better storage solutions are needed. For Japan, Kenji Yamaji listed a 
number of technological options to continue further energy saving, maximize the introduction of new 
renewables, and continue to develop clean use of fossil fuels, while keeping the nuclear option open.

The role of technological change as a central driver for economic growth and to societal 
development more generally was also discussed by Charlie Wilson, who reported on a comparative 
assessment of past energy innovation carried out at IIASA. One aim of this study was to infer the 
essential ingredients of innovation success. One such ingredient has been sustained investments 
in human capital that provides technological knowledge. The Danish wind turbine industry is a 
good example of successful innovation. The US program to develop synthetic liquid fuels in the 
1980s is an example of relative failure, as measured by its own goal of reducing US dependence 
on imported oil. A second essential ingredient of innovation success, which links to the importance 
of human capital, has been that effectively functioning innovation systems involve a diverse 
range of actors and institutions, well beyond R&D laboratories and commercial markets.

However, technology is not only providing solutions, it is also a driver of environmental 
degradation. A particularly interesting example of this was provided by James Syvitski, 
who described the great acceleration of changes to the Earth’s surface caused by humans 
since 1950. These include terracing of hillsides, removing mountaintops through mining, 
building islands, and other coastal structures, and dissecting the land surface with roads, 
railways, and pipelines. Humans are now the largest force in the movement of sediment—
greater than ice, wind, and water combined. Gigatons of sediment are moved every year for 
convenience and pleasure. Some 8 to 9 Gt/y of coal are mined, and by 2030 this is expected 
to reach 13 Gt/y. This is equal to the total sediment delivery by all rivers to the ocean. Global 
aggregate production is similarly high at 13 Gt/y. Global hydraulic cement production is 2.2 Gt/y 
and global iron ore production is 2.2 Gt/y. There are 568,000 abandoned mines in the USA alone 
and many millions more throughout the world. Humans have engineered where rivers flow, 
how and when they flood, and how they respond to extreme events. All of these massive changes 
underline that technology not only provides solutions but also brings its own set of challenges.

technology analyzed with an 
innovation systems framework.
from the presentation of 
Charlie Wilson
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http://conference2012.iiasa.ac.at/person.html?code=colglazier&scode=s2s6
http://conference2012.iiasa.ac.at/person.html?code=rubbia&scode=s1s4
http://conference2012.iiasa.ac.at/person.html?code=yamaji&scode=s1s4
http://conference2012.iiasa.ac.at/person.html?code=iiwilson&scode=s1s2
http://conference2012.iiasa.ac.at/person.html?code=syvitski&scode=rs3s
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the role of People

Transformations to sustainability will also be driven by people—as individuals and 
in societal groups. As Wolfgang Lutz pointed out, people are human resources for 
sustainable development. IIASA research, by integrating health and education data into 
population analysis, has shown the benefits of education for both development and 
health. The future population total of the world depends numerically on how much 
education people receive. Better educated women have a lower fertility rate; thus higher 
levels of female education can contribute to lowering the rate of population growth in 
developing countries/emerging economies. Furthermore, education builds human capital that 
can be used in transformation processes. Work at IIASA has looked at how the accumulation of 
human capital (and in particular formal education) across age groups affects economic growth. 
As Jesus Crespo Cuaresma reported, the hypothesis behind this research is that by monitoring 
changes in the composition of populations in terms of age, gender, and education, 
differences in economic outcomes across countries and over time can be explained.

The reduction of the fertility rate in most regions of the world in recent decades has 
led to a further societal challenge: the aging society. Vegard Skirbekk reported on a 
study that used data from standardized tests of the cognitive ability of senior citizens in 
different world regions. Cognitive ability has been shown to strongly relate to productive 
capacity. In several countries with older populations, the results showed better cognitive 
performance on the part of populations aged 50+ than in countries with chronologically 
younger populations. This variation in cognitive functioning levels may be explained by 
the fact that seniors in some regions of the world experienced better conditions during 
childhood and adult life, including nutrition, duration and quality of schooling, lower 
exposure to disease, and physical and social activity patterns. Because of the slow process 
of cohort replacement, those countries whose seniors already have higher cognitive 
levels today are likely to continue to be at an advantage for several decades to come. 
Cognitive functioning is a further important resource for transformation processes.

Not only individuals but also societal groups are important drivers of transformative change. 
Civil society organizations like the World Wide Fund for Nature (WWF), discussed by 
Yolanda Kakabadse, are at the interface of science and policy. They have always been 
driving the agenda of the environment. Working with local communities and authorities 
on the ground, they look for pragmatic and concrete recommendations to improve people’s 
quality of life and everyday well‑being. They are able to analyze and translate citizens’ needs 
in a way that scientists—botanists, zoologists, physicists, economists—and policymakers can 
understand, and thus they play an important role in finding solutions to global challenges.

Immediate word recall score; 
tests of the cognitive ability of senior 

citizens in different world regions.
from the presentation of 

Vegard Skirbekk

original source:
Skirbekk V, Loichinger e, Weber D 
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Systems Science to Support transformation

As Jeffrey Sachs underlined, the challenge of sustainable development is characterized by 
the triple bottom line: economic development (particularly for the poor); social inclusion 
(for people of both genders, and all races and socioeconomic classes); and environmental 
sustainability (for all Earth systems). IIASA’s systems approach is at the core of these 
interlinked and interdependent challenges and integrates social, economic, and 
environmental considerations into rigorous analysis.

The combination of different approaches in natural sciences and social sciences is challenging but, 
as Peter Lemke pointed out, necessary for assessing the future evolution of the Earth system. 
Such a combination of approaches is being planned by “Future Earth” described by Steven Wilson. 
Future Earth aims to: (i) bring people into research on Earth systems, by looking at the impacts 
on people and their own responses to global change; (ii) foster a more integrated approach to 
the problems by bringing science together with other stakeholders to engage more broadly and 
improve two‑way communication; (iii) extend scientific thinking beyond policy users, for instance, 
to business users, but particularly to establish a more direct dialog with the exposed and vulnerable; 
(iv) co‑design the research agenda with those most needing to benefit from research interventions; 
and (v) look at the broader questions of the policies needed for science in terms of education, 
career structure, rewards, and funding solutions.

It is important to look carefully at the nature of the system that is the focus of systems science 
for transformation. William Clark characterized the system as:

 � Complex—the system components are interdependent and multi‑scalar;

 � Adaptive—changing in response to learning;

 � Non‑linear—with discontinuities, multiple equilibria, and path dependence.

Given these characteristics, it is challenging to find and implement solutions that contribute 
to transitions to sustainability. One approach is through “sustainability science,” which has 
roots in early work at IIASA. As William Clark showed, this emerging field of “use‑inspired” 
research is defined by the practical problems it addresses and is conducted by drawing upon 
and integrating research from the natural, social, medical and engineering sciences. Importantly, 
it links knowledge with action through the design and implementation of improved practices, 
technologies, and policies.

An example of a sustainability science approach was provided by Andrew Johnson who 
described the Australian experience with water resource management. This example 
demonstrated the context of reconciling complex problem settings, multiple stakeholders, 
divergent interests, and scales of relevance within which natural resource management 

Development of science and 
technology for sustainable 
development.
from the presentation of 
William Clark

original source:
bettencourt LMA, Kaur J (2011). 
evolution and structure of 
sustainability science. 
PnAS 108(49):19540–19545.
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Systems Science to Support transformation

activities are situated. This Australian example also highlighted the evolving role of scientists 
as “trusted advisors” to the community and associated institutional, cultural, and managerial 
implications for the “opening up” of scientific practice.

An important element of approaches like sustainability science is evaluation, 
which provides the basis for learning and adaptive management. As Diana Liverman 
pointed out, one of the most important ways that (social) science can contribute to 
development is by rigorous evaluation of research, policy, and practices. Including 
validation and evaluation within sustainability research projects entails the design of 
rigorous assessments of sustainability policies, the use of multiple methods and sources 
of evidence, the checking of long‑standing assumptions against more recent insights, 
the conduct of longitudinal studies, and the capacity to learn from successes and failures.

As shown in many presentations at the Conference and highlighted by Pavel Kabat, 
narrowly focused, single‑disciplinary science alone cannot adequately underpin policies 
and solutions to resolve major sustainability challenges. For science to play a pivotal role 
in addressing sustainability challenges, intellectual and economic investments must focus 
on multi‑scale, integrated, interdisciplinary approaches that consider social, economic, and 
environmental aspects, that look across and between borders and sectors, and that identify 
the trade‑offs or the co‑benefits of a policy or management decision, before it is made.

http://conference2012.iiasa.ac.at/person.html?code=liverman&scode=s2s6
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Food
Because of the interactions between systems such as water, soils, humans, climate, and energy, 
the issue of food security is complex. As Sabine Fuss pointed out, with 870 million people still 
chronically undernourished in developing regions (according to the FAO) there are a number of 
challenges to cope with. These include understanding the short‑run dynamics of food prices and 
food price volatility and the many long‑run factors that intersect with these and with each other. 
Whatever approach is taken has to ensure that planetary boundaries are respected. Dealing with 
such a diversity of factors—population growth and associated food demand, changing diets, 
competition for land (e.g. in the case of biofuel targets or land‑based climate change mitigation 
options including not only bioenergy but also REDD+, afforestation, etc.), the dynamics of 
investment in food systems research, pressure on natural resources like water, and migration 
and political factors—necessitates an integrated approach.

Sabine Fuss described the use of IIASA’s Global Biosphere Management (GLOBIOM) model 
to determine robust strategies for food security across climate scenarios. The results showed 
that no single adaptation policy is superior across all climate scenarios. Locking into a particular 
agricultural system that would be superior under one climate scenario can imply substantial 
losses, if a different climate scenario materializes. A robust strategy would involve:

 � Measures to enhance flexibility: access to irrigation, seeds and fertilizers, market access; and

 � Reducing the extent of over‑ and under‑production and the accompanying environmental 
implications (land use change).

The world’s population is projected to reach 9–10 billion by mid‑century, putting further pressures on 
the food system. However, as pointed out by Nina Federoff, the area of arable land world‑wide has 
not increased for half a century, aquifers are depleting on an increasing scale, and today’s staple crops 
were developed to thrive in a temperate world, which climate change will make warmer. These are 
challenges to food security. They could be met by: using less water and nutrients through modern 
technology; developing agriculture as an integrated system; achieving higher yields using fewer 
chemicals; developing high‑tech urban agriculture; and using new crops, new land areas, and new 
water sources. Most of the barriers to these solutions are policies, regulations, financial limitations, 
and social acceptance. It is therefore not possible to say today, whether the food security issue for a 
population of 9–10 billion can be resolved.

The challenges of arable farming were also addressed by Parviz Koohafkan who discussed how to 
achieve a sustainable agriculture that provides enough food and ecosystem services for present and 
future generations in an era of climate change, increasing fuel costs, social unrest, financial instability, 
and accelerating environmental degradation. The challenge is complicated by the fact that the majority 
of the world’s arable land is under modern monoculture systems of maize, soybean, rice, cotton, and 

the short‑term dynamics 
versus long‑term trends in the 
food price index, 1961–2010.
from the presentation of 
Sabine fuss

original source of data:
food and Agriculture organization 
of the united nations (2011). 
State of food and Agriculture 2011. 
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others, which due to their ecological homogeneity, are particularly vulnerable to climate change as 
well as biotic stresses. Little has been done to enhance the adaptability of industrial agro‑ecosystems 
to changing patterns of precipitation, temperature, and extreme weather events. This realization 
has led many experts to suggest that the use of ecologically based management strategies may 
represent a robust path to increase the productivity, sustainability, and resilience of agricultural 
production while reducing undesirable socio‑environmental impacts.

Further challenges can be found in the livestock sector. As shown by Mario Herrero livestock 
play a significant role in rural livelihoods and the economies of developing countries. They are 
providers of income and employment for producers and others working in sometimes complex 
value chains. They are a crucial asset and safety net for the poor, especially for women and 
pastoralist groups, and they provide an important source of nourishment for billions of rural and 
urban households. These socioeconomic roles are increasing in importance. The livestock sector 
uses a significant amount of land, water, biomass, and other resources, and emits a considerable 
quantity of greenhouse gases. There is concern about how to manage the sector’s growth so 
that these benefits can be attained at a lower environmental cost. Sustainable intensification 
presents a real opportunity to improve resource use efficiency in livestock systems. To achieve 
this, however, production systems need to become market‑orientated, better regulated in cases, 
and socially acceptable so that the right mix of incentives exists for the systems to intensify. 
Managing the required intensification and the shifts to new value chains is also essential to avoid 
a potential increase in zoonotic, food‑borne, and other diseases. New diversification options, 
such as carbon sequestration in rangelands and improved safety nets, will also be essential 
when intensification is not the primary avenue for developing the livestock sector.

A further significant part of the food security issue relates to fisheries, which were discussed by 
Ulf Dieckmann and Mikko Heino. The rampant overfishing of the oceans has been recognized 
over the last two decades. Major collapses of the past, like that of the northern cod in Canadian 
fisheries in 1992, might have been prevented, had the science of today, which shows feedbacks 
and non‑linearities in the system, been available. However, it is now clear that 50% of the world’s 
fisheries are fully exploited and 25% are in a state of collapse or recovering. Equally disturbing 
are the evolutionary changes in fish stocks, where fish are reproducing at younger ages and 
smaller sizes due to fishing, a fact that until recently has been a blind spot for fishery policymakers. 
Fish that are adaptive to fishing tolerate overfishing better. The fish that are adaptive tend to be 
smaller; they are also expected to produce lower sustainable yields. The changes are gradual but 
cannot be ignored in the long run. Losses of some 0.1% per year become significant over decades. 
The gradual erosion of productivity means less food for a growing population.

One simple robust solution is to fish less. Fisheries scientists have been advising this for a long 
time for other reasons but it is not easy to achieve. Fish are shared resources and managing 

Marine fishery production has 
stagnated since the mid‑1980s.

from the presentation of 
Mikko heino
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the commons is difficult. Using a systems‑wide approach with process‑based modeling, IIASA 
is working with the International Council for the Exploration of the Sea (ICES) to introduce 
Evolutionary Impact Assessments to assist fishery managers in monitoring and managing the 
exploitation of aquatic resources. This kind of management uses a stakeholder‑based approach 
which enables those who use the seas for food, recreation, tourism, and other socioeconomic 
reasons to understand, support, and help implement the measures being taken.

Water
Water is linked to most of the sustainability challenges discussed at the Conference, 
such as food security, energy, climate change, and poverty. As William Cosgrove pointed out, 
all ecosystem services are water‑related. On the one hand, waste and wastewater go back to 
the environment untreated, and on the other hand, in certain locations humans are using more 
water than is available. The areas with water scarcity are exactly the areas that have the highest 
loss in biodiversity. Water is the essential element needed for food, energy, and the maintenance 
of ecosystems, and it will need to provide for an additional 2 billion people in the future. 
Withdrawals of water to meet urban demands, to grow more food and produce more energy, 
results in less water for the environment and for maintaining ecosystem health. The challenge is 
to create a sustainable balance among all these demands which are both changing and uncertain. 
In this regard, as David Grey pointed out, water security can no longer be defined as a local 
problem, as it has been since time immemorial. Only in the last century has it moved beyond 
river basins to become a transboundary issue. In order to manage water across the planet, 
it is necessary to transcend the boundaries of sovereignty—and secrecy—of the nation state.

Water quality degradation, which, as pointed out by Joe Alcamo, is significantly linked to both 
food security and the green economy, is driven by multiple factors including climate change, 
the long range transport of air pollution, international food and biofuels trading, crop patterns, 
deforestation and agricultural runoff, international consumer products and trade, new pollutants 
and endocrine disruptors. Tackling these multiple drivers is particularly important for the 
livelihoods of the large numbers of people who rely, for example, on freshwater fishing.

Water resources have been a focus of IIASA research since the very beginning of IIASA, 
as discussed by Janusz Kindler. Currently, a new initiative entitled “Water Futures and Solutions,” 
presented by David Wiberg, aims to provide a set of robust strategies, policies, technologies, 
and solutions to better inform decision making for sustainable development. This initiative will 
take into account the interlinkages of water with poverty and hunger eradication, public health, 
food security, hydropower, agriculture, and rural development.

Increasing and competing 
demands for water.
from the presentation of 
David Wiberg
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Energy
Another nexus area that has been a focus of work at IIASA over the entire 40 years is energy. 
Most recently, the main focus was on the Global Energy Assessment (GEA), published in 2012. 
The GEA was covered in a number of presentations at the conference linking it to various other 
nexus areas. Keywan Riahi introduced the assessment, pointing out that the GEA looks at the 
main transformational pathways to sustainable energy and how to address the major challenges 
that energy transformation might bring about. A transformation is required in the energy system. 
First, the way energy is used needs to be fundamentally changed in terms of supply and demand, 
putting more investment into end‑use technologies. One of the major options is the introduction 
of energy saving measures to enhance energy efficiency and also to prompt behavioral changes 
in the way people use energy. Efficiency enhancements in end‑use (buildings, appliances, vehicles) 
can bring about a 50% reduction in energy use globally over the next few decades. Another 
characteristic of a transformed system is the phasing out of fossil fuels in the long term to 
half of today’s level by 2050, to achieve a 50% share of renewables by 2050.

Further aspects of the GEA were introduced by David McCollum, who looked at the synergies 
between energy security, air quality, and climate mitigation. Systems analysis provides a lens 
through which complex interlinkages between sustainability challenges like these can be 
explored.  Taking an integrated approach to climate change and air quality reduces policy costs 
because of the synergistic effects of the transformation process. Solutions that address these 
three problems simultaneously are significantly less expensive than if each is dealt with singly 
and are only marginally more expensive than tackling climate change alone.

People without access to 
electricity or clean cooking in 2010.

from the presentation of 
Keywan riahi
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Climate
The topic of climate change was raised in many presentations at the conference, since it 
is clearly a cross‑cutting challenge with multiple drivers and wide‑ranging consequences. 
One presentation, by William Nordhaus, focused on how to reach an international agreement 
to tackle climate change. Nordhaus characterized the Kyoto Treaty as “a failed club,” since 
important countries did not join from the start, others withdrew, and no country joined the 
initial founders of the treaty. Therefore the question that must be asked is how to design a treaty 
that works, delivers real emission reductions, and is attractive so that more and more countries 
join. The key idea, discussed by Nordhaus, is to couple the obligation for mitigation at home 
with the incentive of preferential terms of trade between the willing countries. As long as the 
advantage from preferential trading terms is seen as bigger than the necessary investments for 
mitigation, this club of the willing countries, to start with probably the EU, will be attractive to 
join. The bigger the trading zone thus created, the more interesting “membership” will be.

Interestingly, this idea resonated with results presented by Karl Sigmund who showed, 
using evolutionary game theory, that coercion, both by peers and by institutions, can emerge 
more easily if the joint enterprise is voluntary, rather than compulsory.

Poverty and Inequality
A range of presentations at the Conference looked at various dimensions of poverty and inequity, 
including energy poverty, the vulnerability of the poor, and the needs for capacity building. 
As shown by Narasimha Rao, scientific research contributes to understanding poverty and 
urbanization and their relation to energy and resource use, developing appropriate technologies, 
finding synergies between development and environmental goals, and assessing policy impacts 
under different evaluation criteria.

Shonali Pachauri focused on providing universal energy access by 2030, which would be possible 
if there were sustained government commitment, ambitious targets, increased investment, 
and increased capacity building. IIASA’s contribution to eliminating extreme deprivation and 
inequalities is through providing a deeper understanding of the multiple dimensions of poverty, 
their interlinkages and drivers, and through leveraging synergies in investments by identifying 
and estimating multiple benefits and gains from better coordination across policy domains.

Shonali Pachauri described research at IIASA that has centered on how electrification can take 
place in order to maximize benefits for the poorest of the poor. Three main insights were discussed. 
First, regions differ and thus solutions must too. Second, populations are heterogeneous and 
changing over time. In the poorest rural households in India, kerosene dominates in meeting 

historical household electrification.
from the presentation of 
Shonali Pachauri
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lighting demand today because there is no access to electricity. In urban households, electricity is 
predominantly used for lighting. It is important, when planning, to take into account that these 
poor rural dwellers, which today represent 80% of the rural population will, in 2050, comprise 
less than 50%. People’s paying capacity, incomes, and demands which change over time, must 
also be taken into account. Finally, benefits are multiple and their estimation is vital. In India 
today, about 40% of the rural population use kerosene as a primary lighting source and many 
more use it as a back‑up. Kerosene is highly subsidized in India. The government spends about 
one billion dollars a year on kerosene subsidies for lighting alone. Universal electrification could 
save the Indian Government between 0.6 and 0.7 billion dollars a year in saved subsidies.

Joanne Linnerooth-Bayer discussed the impacts of natural disasters on the poor and possible 
strategies to reduce those impacts. Losses from natural disasters are far greater as a percentage 
of income in low income countries than in the developed world. Some 95% of deaths from 
disaster occur in developing countries, and the poorest of the poor suffer the most. IIASA scientists 
have argued that with new modeling techniques for estimating and pricing the risks of natural 
disasters, the donor community is now in a position to help the poor cope with the economic 
repercussions of disasters by assisting before these happen. As an alternative to strategies 
against poverty trapping, IIASA is working with the World Bank, Red Cross, and insurance 
companies on examining the potential of financial instruments for the poor.

The impacts of natural hazards on the poor were also discussed by Reinhard Mechler, who noted 
that the poor are generally found to be most vulnerable to natural hazards. While poverty is not 
equal to vulnerability, it importantly reduces the ability to cope with disasters. Lack of savings to draw 
on and an inability to raise credit to rebuild livelihoods explains why coping capacities are limited 
when natural disasters occur. Low‑quality housing heightens poor people’s physical vulnerability and 
exposes them to the elements or forces them to use temporary shelters. Lack of formal education 
and vocational training explains inefficient farming practices in the face of systemic drought risk. 
There is growing awareness of the relevance and need to tackle these indirect, long‑term effects, 
as well as the important role played by differential vulnerability and resilience.

Speakers from developing countries highlighted the central role of capacity building in dealing 
with poverty. Lidia Brito concluded that the biggest challenge is to make sure poor people 
can access the resources available to them. This requires quality science education for all from 
primary through secondary to university level. Ogunlade Davidson pointed out that energy 
poverty affects significant numbers of people in sub‑Saharan Africa, especially in rural areas; 
millions have inadequate energy services, rely on traditional rather than modern sources of supply, 
and have an unreliable source of supply. This affects their productivity, health, and education; 
so that these people are not only energy poor but also socially and economically poor. 
Solutions for energy poverty will need to be a package of different elements: 

the higher disaster burden 
in developing countries.
from the presentation of 
Joanne Linnerooth‑bayer
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technical, institutional, political, financial, etc. Youba Sokona listed a number of urgently 
needed actions to deal with poverty in Africa, including new types of institutions to remedy 
failed governance; and capacity and financial resources. These measures must work in both 
the short and long term.

Martin Parry also emphasized that building adaptive capacity is a necessary strategy to deal with 
the impacts of climate change and just as important as mitigation. Moreover, reducing poverty 
and increasing equity is absolutely central to building adaptive capacity. These are important 
goals for ethical reasons but now there is another compelling reason to act: a world with poor 
and marginalized people in the numbers seen today is a world that will simply not be able to 
cope with climate change.

Frances Seymour challenged a common belief that poor people are the main cause of deforestation. 
Spatial analysis shows that deforestation is really caused by commercial‑scale land clearance for 
industrial agriculture to produce internationally traded commodities. Thus, all those who consume 
soy, beef, oil palm, pulp and paper, are the agents of deforestation. It is more true to say that 
deforestation causes poor people, as local communities, especially the women, depend on the 
forests for their livelihoods, and for poor people, forests are an important environmental buffer 
against extreme weather events, of which we can expect more in the future.

Co‑Benefits and Trade‑Offs
A major theme of the Conference, which results from systems analysis focusing on nexus areas 
was the co‑benefits of policies that are applied in one area but also have positive impacts 
elsewhere. For example, Zbigniew Klimont reported on work at IIASA that has been able to 
identify numerous least‑cost options that can reduce air pollution‑related damage to health 
and crops while also controlling GHG emissions. This work used the RAINS model, which was 
first developed by IIASA to look at the impacts of air pollution on health and vegetation, as in 
the example of acid rain. Over time, the scope of the model was extended to add greenhouse 
gases to the analysis, as these gases and air pollutants often come from the same sources 
and can be combated simultaneously. Most air pollutants, for example, ozone and black 
carbon, lead to near‑term temperature increases. With the GAINS model, the successor to 
the RAINS model, around 2,000 measures were analyzed to improve air quality. From this set, 
IIASA scientists identified 16 key measures that, together, could reduce the global warming 
potential of short‑lived air pollutants by up to 60%. These included the mandatory installation 
of particle filters on diesel engines, improved biomass cook stoves, and a ban on cropland 
burning. The IIASA findings were the focus of a joint UNEP–World Meteorological Organization 
research project “Integrated Assessment of Black Carbon and Tropospheric Ozone,” 
published in February 2011.

Loss of life expectancy due to 
particulate matter, demonstrating the 
health benefits of pollution control.
from the presentation of 
Zbigniew Klimont

original source:
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The GAINS model was also referred to in the presentation of Markus Amann who used it 
with the SEDIM model, which explores the impacts of human capital on economic growth. 
By bringing together these two models it was possible to develop a more holistic insight into the 
impacts of environmental investments on human well‑being. It was found that environmental 
investments in air pollution control in developing countries have only very small net impacts on 
economic growth, as improved health conditions will increase the labor force and productivity. 
If measured with the Human Development Index, the large increase in longevity outweighs 
the small decreases in per capita GDP.

As well as showing co‑benefits, systems analysis can also show the trade‑offs that must be 
taken into account when dealing with complex issues of unsustainable development. Some 
of these trade‑offs were addressed by Karl Steininger, who concluded that past experience 
on the balancing of more efficient and cleaner technologies with behavioral and lifestyle 
changes has been very mixed. In some areas (e.g., heating of houses) the former approach 
contributed to large net GHG emission reductions in some countries, while in other areas 
(notably transport) the growth in services outbalanced any technological progress in terms of 
environmental net effect. More recently, even where regions such as the EU were successful 
in stabilizing GHG emissions, this came in parallel with a significant deterioration of the 
carbon trade balance (i.e., emission‑intensive goods are still consumed, but now produced 
increasingly outside the EU).

The topic of trade‑offs was also addressed by Arkady Kryazhimskiy, who pointed out that while 
everyone has multiple objectives, there is no chance of achieving them all simultaneously—
current decisions are driven by trade‑offs of the objectives. A typical example is the trade‑off 
between short‑ and long‑term objectives. Usually, the short‑term interest dominates in 
current decision‑making, and the long‑term interest is kept in the background as a useful 
but rather abstract guideline. Does the repetition of short‑term optimal actions move one 
away from one’s long‑term objective, or does it eventually allow one to reach that objective? 
From a systems analysis perspective these two options split the world of the agent‑driven 
systems into two big clusters—the cluster of “unsustainable” systems (in which the agents’ 
short‑ and long‑term objectives contradict each other) and that of “sustainable” ones 
(in which the agents’ short‑ and long‑term objectives are, structurally, in agreement). 
Examples of “unsustainable” and “sustainable” systems were given. The examples are 
motivated by problems of economic management, social behavior, and emission trading; 
the corresponding models refer to theory of optimal control and theory of repeated games.

Methodology
The need for new methods to deal with the complex issues of sustainable development has been 
frequently discussed in recent years and IIASA has been a pioneer in this area. Simon Levin 
pointed to several mathematical challenges for sustainable development research:

 � Scaling from microscopic to macroscopic;

 � Early warning indicators of critical transitions;

 � Lessons for design of adaptive management systems in the face of uncertainty;

 � Game theoretic methods for dealing with global cooperation, including pro‑sociality;

 � Mechanism design for achieving cooperation; and

 � Emergence of the social contract.

Sustainable development research must focus on macroscopic features, recognizing that 
these emerge from microscopic interactions, but do not depend on all the details. One 
area of methodological development is in anticipating critical transitions. Tipping points in 
complex systems may imply risks of unwanted collapse, but also opportunities for positive 
change. The capacity to navigate such risks and opportunities can be boosted by combining 

http://conference2012.iiasa.ac.at/person.html?code=iiamann&scode=ps3s2
http://conference2012.iiasa.ac.at/person.html?code=steininger&scode=rs3s1
http://conference2012.iiasa.ac.at/person.html?code=iikryazhim&scode=rs3s5
http://conference2012.iiasa.ac.at/person.html?code=levin&scode=i2s1
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nexus Areas

emerging insights from two unconnected fields of research. One line of work is revealing 
fundamental architectural features that may cause ecological networks, financial markets, 
and other complex systems to have tipping points. Another field of research is uncovering 
generic empirical indicators of the proximity to such critical thresholds. Although sudden shifts 
in complex systems will inevitably continue to generate surprises, work at the crossroads of 
these emerging fields offers new approaches for anticipating critical transitions.

Ralph Keeney discussed methodological advances in building value models. A value model 
based on inputs from stakeholders (the people impacted and policymakers) calculates the 
desirability of alternatives, accounting for the risks of success in achieving the multiple objectives. 
A value model combines multiple objectives and risks in terms of economics, social sciences, 
and psychology, and thus provides important additional insights.

Both Arkady Kryazhimskiy and Elena Rovenskaya talked about the value of multi‑model 
approaches for complex issues. A multi‑model approach generates integrated knowledge 
about the system on the basis of the use of partial models, although even this approach can 
fail to capture some aspect of the complexity. Two possible approaches to integration of 
models were discussed.

An example of results from a 
multi‑model approach for sustainable 
forest management. Combining the 
results of the two models can reduce 
uncertainty in many cases. Work at 
IIASA used two models to generate 
the net primary production of the 
russian forest‑tundra with decreased 
uncertainty.
from the presentation of 
elena rovenskayaEc
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Stakeholder Involvement and Partnerships

Throughout the Conference there were repeated calls for new partnerships to tackle the 
complex issues of sustainable development. Adil Najam concluded that a real partnership 
between science, civil society, and business is needed for the future. This partnership should 
be somewhat distant from policy and thus provide objective advice to the policy process. 
Joe Alcamo noted that a strong science–policy partnership is needed to cope with the global 
water quality challenge. Neville Ash described a new partnership at the science–policy interface 
to deal with the issue of biodiversity. Victor Kremenyuk pointed to what is needed in order that 
people can learn how to make joint decisions: intellect, goodwill, common sense, competence, 
and an ability to communicate in ways that are understandable by and acceptable for others. 
These characteristics were echoed by Michael Thompson in talking about “clumsy solutions,” 
which emerge in institutional settings where each voice enjoys access and is then responsive 
to the others. These calls for partnerships and stakeholder involvement all demonstrate, 
as Leen Hordijk pointed out, that science is only one input into the policy process, 
and it is a minor one.

Overall, therefore, as Pavel Kabat emphasized, realizing the sustainability goals of 
Rio+20 will require investment in integrated analyses to fully understand the Earth system 
(human and natural). This must be enabled by substantial growth in public–private 
partnerships that stimulate and fund activities to encourage collaboration between social 
and natural scientists and to engage key stakeholders in the user community at all 
stages of the research cycle—from inception to implementation.

http://conference2012.iiasa.ac.at/person.html?code=najam&scode=s1s2
http://conference2012.iiasa.ac.at/person.html?code=alcamo&scode=s1s3
http://conference2012.iiasa.ac.at/person.html?code=ash&scode=rs3s2
http://conference2012.iiasa.ac.at/person.html?code=kremenyuk&scode=ps3s3
http://conference2012.iiasa.ac.at/person.html?code=iithompson&scode=rs3s5
http://conference2012.iiasa.ac.at/person.html?code=hordijk&scode=rs3s4
http://conference2012.iiasa.ac.at/person.html?code=iikabat&scode=s2s8
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Citizen Science

Transformations toward sustainability will be accelerated through the engagement of citizens. 
Moving toward an open knowledge society to respond to global challenges implies that all 
forms of knowledge must be taken into account. Several presentations at the Conference 
discussed “citizen science” and the role that it could and does play in global change research. 
As pointed out by Jacqueline McGlade, “people power” can be tapped into as science comes 
increasingly under pressure from the effects of funding cuts. This helps to achieve the scientific 
aims of observation and data collection on the one hand and genuinely bridge the gaps between 
the science community and the public on the other. Using “people power” can help change 
mindsets about how humans live and utilize resources. Citizen science has been supporting 
research on water quality and quantity in India, for example. Local communities are now 
regularly sampling their water and sending the results by mobile phone directly to the 
relevant ministry.

Buzz Holling described how Eddie Carmack, Canada’s award‑winning oceanographer, 
has been monitoring the three oceans of Canada’s Arctic each year. Fishing boat captains 
and crews are bringing evidence of climate change in the Arctic. This is one of several new 
testable ways of deeply engaging citizen science with professional science. It alerts people 
to early signs of collapse of part of their system. It also builds a community of voters to 
tell politicians what to do.

Michael Obersteiner provided a further example of citizen science using crowdsourcing. 
Geo‑Wiki is a crowdsourcing tool used to collect information with satellite imagery. 
For example, the tool can be used to identify the presence of cultivated land and 
settlements in samples of satellite imagery, along with the level of confidence in doing so. 
These are areas where land acquisitions may affect the local population. Thus, publishing 
a better map of land availability might help to stop these acquisitions in the future, 
preserve the livelihoods of the local population, and improve local food security. 
The acquired data on land acquisition can be used to determine whether identified 
land is truly idle or settled and cultivated.

An example from the results of 
the Geo‑Wiki hackathon.
from the presentation of 
Michael obersteiner

Acquired land

Settlement

Land acquisition area
(from Land Matrix Database)

Clear evidence of settlements
(from Geo-Wiki Hackathon)
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reflections

The presentations at the IIASA Conference tell a consistent story. The huge social, 
environmental, and economic challenges that the world faces are systemic challenges. 
They are complex, ill‑structured, involve many stakeholders, are surrounded by structural 
uncertainties, and are hard to manage. Addressing such system failures needs a systemic 
approach—the focus of IIASA’s work over the past 40 years. What is very clear, from work 
carried out in recent years and reflected in several of the presentations at the conference, 
is that addressing system failures requires transformations. That is, solutions will not be 
found by making small incremental changes to the systems. The challenge in dealing with 
complex and persistent modern problems is also to find new ways of dealing with them in 
a more anticipatory and exploratory manner. It is necessary to improve understanding of 
the dynamics of complex processes of change and try to influence their pace and direction.

Technological and social transformations will require convincing visions of the “future we want,” 
narratives that convey hope not despair, and continued attention to “positive sum outcomes.” 
Individuals and societal groups, states, and the global community all bear responsibility 
for responding to global challenges, and strategies are needed for peaceful transformations. 
Research, especially the study of the so‑called nexus areas, can support transformations through:

 � Taking an integrated system perspective in order to deal with complexity but also 
embedding the analysis in the local context;

 � Maintaining a clear focus on humans as the agents of change;

 � Using systems analysis tools in iterative processes of dialog with stakeholders;

 � Engaging in new and creative collaborative partnerships, including business; and

 � Bridging the gap between knowledge and action, including co‑design and co‑production 
of research with all relevant stakeholders.

How will systems science contribute to global transformations? IIASA can learn from 
success stories and build on its own earlier successes; it can look at the path to impact from 
the very beginning of project design; it can experiment—also with stakeholder engagement, 
including partnerships with business. IIASA can also continue its highly successful contributions 
to capacity building and strengthen the skills needed to work at the interface between 
science and society.

At the same time, however, the need for fundamental transformations in human–environment 
systems that were discussed in many presentations at the Conference points to the need for 
new and integrated policy approaches. There was a call for an adaptive system that provides 
incentives and flexibility and in which new findings lead to action, learning is continually 
supported and guided by a vision, and bottom‑up processes of transformation are guided by a 
top‑down integrative governance framework. Overall, presentations showed that coordinated, 
integrated, holistic, and context‑sensitive policy approaches will be required in response 
to global challenges.

All of this requires new institutions operating across scale levels, across sectors, 
including all relevant stakeholders and innovations in governance. Several presentations 
suggested that the global challenges are not being met by our current international 
institutional responses. New innovative solutions are needed.

There was a great sense of urgency in many of the presentations; it is time 
to start making transformational changes. There were also signs of optimism; 
indications that the knowledge that comes from 40+ years of systems analysis 
will indeed contribute to the transformations needed. 
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Speakers at the IIASA Conference 2012 are listed below along with the titles of 
their presentations. The videos of all speakers’ presentations along with their slides 
are available on the conference Web site: conference2012.iiasa.ac.at/speakers

heInZ fISCher Federal President of the Republic of Austria; Opening Address

bAn KI‑Moon United Nations Secretary‑General (video message); Opening Address

KArLheInZ töChterLe Federal Minister for Science and Research of Austria; Opening Address

GuStI MuhAMMAD hAttA Minister of Research and Technology, Republic of Indonesia; 
Panelist, High‑Level Session 1: Science Support for Global Transitions

JohAnneS KYrLe Secretary General, Federal Ministry for European and International 
Affairs of Austria; Panelist, High‑Level Session 2: Policy Support for Global Transitions

JoSePh ALCAMo Chief Scientist, United Nations Environment Programme (UNEP); 
Panel Presentation: The Global Water Quality Challenge

MAGeD MouStAfA AL‑SherbInY Academy of Scientific Research and Technology (ASRT), Egypt 
and IIASA Council Member; Panelist, NMO Session 2: Research for Smoothing Transitions: 
Economic, Ecological, Political, Technological, Societal

MArKuS AMAnn Leader, Mitigation of Air Pollution and Greenhouse Gases (MAG) Program, IIASA; 
Panel Presentation: Human Well‑being and the Macro‑economic Effects of Investing in Cleaner Air in India

neVILLe ASh Chief, Biodiversity Unit, and Biodiversity and Ecosystem Services Branch, 
United Nations Environment Programme Division of Environmental Policy Implementation; 
Kickoff Statement: Sustainability Science and Decision Making—The Need for a Transformation

JenS borKen‑KLeefeLD Research Scholar, Mitigation of Air Pollution and Greenhouse 
Gases (MAG) Program, IIASA; Rapporteur, Session 4: The Multiple Co‑benefits of a Cleaner, 
More Equitable World—Energy and Climate Change

GuY brASSeur Director, Climate Service Center, Germany; Moderator, Session 8: 
Worlds within Reach—The Way Forward

LIDIA brIto Director, Division of Science Policy and Sustainable Development, 
United Nations Educational, Scientific and Cultural Organization (UNESCO); 
Panel Presentation: Science and Technology for Poverty Eradication

KIrSten broCh MAthISen The Research Council of Norway and IIASA Council Vice Chair; 
Framing Presentation, NMO Session 4: Supporting a New Global Network to Develop Solutions for 
Decision Makers

WILLIAM butZ Senior Research Scholar, World Population (POP) Program, IIASA; 
Moderator, Parallel Session 4: Assessing Education, Human Capital, and Vulnerability

WILLIAM C. CLArK Harvey Brooks Professor of International Science, Public Policy and 
Human Development, Harvard University; Framing Presentation: Sustainability Science: 
Its Origins, Evolution and Challenges

WILLIAM CoLGLAZIer Science and Technology Adviser to the US Secretary of State; 
Panelist, High‑Level Session 2: Policy Support for Global Transitions; Panel Presentation: 
Science, Development, and Innovative Societies

WILLIAM J. CoSGroVe Senior Research Scholar, Water (WAT) Program, IIASA and 
President of Ecoconsult Inc; Kickoff Statement: How to Meet our Needs in the Face of 
Pressures on Ecosystems?
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JeSuS CreSPo CuAreSMA Research Scholar, World Population (POP) Program, IIASA; 
Panel Presentation: Human Capital, Growth and Development

oGunLADe DAVIDSon Professor, Mechanical Engineering, University of Sierra Leone; 
Former Minister of Energy and Water Resources, Sierra Leone; and IIASA Scientific Advisory 
Committee Member; Panel Presentation: Reducing Energy Poverty Through Increased Energy Access

uLf DIeCKMAnn Leader, Evolution and Ecology (EEP) Program, IIASA; Framing Presentation: 
Future Oceans: Meeting the Challenges of Securing Aquatic Food Resources; Panelist: The Role of 
Systems Analysis in Supporting Global Transformations

robert DIenSt Mayor of Laxenburg; Statement

brIAn fAth Research Scholar, Advanced Systems Analysis (ASA) Program and 
YSSP Scientific Coordinator, IIASA; and Professor in Biological Sciences, Towson University; 
Rapporteur: Parallel Session 2: Integrating Models of Socio‑ecological Systems;
Rapporteur: Roundtable Seminar 5: Optimal versus Sub‑optimal Solutions

nInA feDoroff Chair, AAAS Board of Directors; Distinguished Professor, Biosciences, 
King Abdullah University of Science and Technology, Saudi Arabia; and Evan Pugh Professor, 
Penn State University; Panelist, High‑Level Session 1: Science Support for Global Transitions; 
Panel Presentation: Where Will the Food Come from in a Hotter, More Crowded World?

MArInA fISCher‑KoWALSKI Institute of Social Ecology, Vienna and Professor, Alpen Adria 
Universität; Moderator: Parallel Session 2: Integrating Models of Socio‑ecological Systems

Steffen frItZ Research Scholar, Ecosystems Services and Management (ESM) Program, IIASA; 
Moderator: Roundtable Seminar 2: How to Meet our Needs in the Face of Pressures on Ecosystems?

SAbIne fuSS Research Scholar, Ecosystems Services and Management (ESM) Program, IIASA; 
Framing Presentation: Food Security in an Uncertain World

GerhArD GLAtZeL The Austrian Academy of Sciences and IIASA Council Member;
Panelist, NMO Session 1: Science for Bridge‑Building During and Beyond the Cold War

SerGeY GLAZIeV Presidential Counselor, The Administration of the President of the Russian 
Federation; Panelist, High‑Level Session 2: Policy Support for Global Transitions

LuIS GoMeZ‑eCheVerrI Research Scholar, Transitions to New Technologies (TNT) Program, IIASA; 
Rapporteur: Roundtable Seminar 3: Green Growth

Anne GouJon Research Scholar, World Population (POP) Program, IIASA; Rapporteur, Session 5: 
Eliminating the Unacceptable Social Ills of the 21st Century—Poverty and Equity

MAnfreD GrAuer Professor, Information Systems Institute, University of Siegen; 
Moderator: Roundtable Seminar 5: Optimal versus Sub‑optimal Solutions

DAVID GreY Visiting Professor, School of Geography and the Environment, 
Oxford University; and Honorary Visiting Professor, Exeter University; Panel Presentation: 
The Challenges of Transboundary Water Management in a Changing World

MIChAeL Grubb Professor, University of Cambridge; Kickoff Statement: Integrating Social, 
Economic and Technological Dimensions: The Three Domains of Planetary Economics

ALexeI GVIShIAnI Russian Academy of Sciences and IIASA Council Member; Framing Presentation, 
NMO Session 1: Science for Bridge‑Building During and Beyond the Cold War

MIKKo heIno Research Scholar, Evolution and Ecology (EEP) Program, IIASA; 
Panel Presentation: How will Fisheries‑Induced Evolutionary Changes Impact Food Security

Peter hennICKe Emeritus Professor, Wuppertal Institute for Climate, Environment and Energy; 
Kickoff Statement: Shaping Polices for Energy Transformation: The German “Energiewende”

MArIo herrero Programme Manager, Sustainable Livestock Futures, International Livestock 
Research Institute (ILRI); Panel Presentation: Mapping the Contribution of Livestock to Global Food 
Security and Environmental Stewardship
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ChrIS heYeS Senior Research Scholar, Mitigation of Air Pollution and Greenhouse Gases (MAG) 
Program, IIASA; Rapporteur, Session 8: Worlds within Reach—The Way Forward

StefAn hoChrAIner‑StIGLer Research Scholar, Risk Policy and Vulnerability (RPV) Program, 
IIASA; Rapporteur, Session 7: Addressing the Challenges Concurrently—Science and Technology 
for Sustainable Development

LenA höGLunD‑ISAKSSon Research Scholar, Mitigation of Air Pollution and Greenhouse Gases 
(MAG) Program, IIASA; Rapporteur: Roundtable Seminar 1: Social versus Technological Solutions

buZZ hoLLInG Former IIASA Director and Emeritus Eminent Scholar and Professor in Ecological 
Sciences, University of Florida; Panelist: The Role of Systems Analysis in Supporting Global 
Transformations

Leen horDIJK Former IIASA Director and Principal Adviser to the Director‑General, Joint 
Research Centre, European Commission; Panelist, NMO Session 4: Supporting a New Global 
Network to Develop Solutions for Decision Makers; Kickoff Statement: Making Research more 
Policy Relevant

MArK hoWeLLS Professor and Head, Division of Energy Systems Analysis, Royal Institute of 
Technology (KTH), Sweden; Moderator: Roundtable Seminar 1: Social versus Technological Solutions

AhMAD IbrAhIM Academy of Sciences Malaysia (ASM) and Malaysian NMO Member; 
Panelist, NMO Session 3: Systems Analysis for Informing Decisions: Broadening Awareness 
and Building Capacity

JILL JäGer Independent Scholar and Former Deputy Director, IIASA; Summaries of Day 1, 2, & 3

MICheL JArrAuD Secretary‑General, World Meteorological Organization (WMO); Panelist, 
High‑Level Session 1: Science Support for Global Transitions

JeSSICA JeWeLL Research Assistant, Energy (ENE) Program, IIASA; Rapporteur, Session 1: 
Global Transformations—Understanding the World We Live in and its Possible Futures

AnDreW JohnSon Group Executive, Environment, Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) and IIASA Council Member; Panelist, High‑Level Session 2: 
Policy Support for Global Transitions; Panel Presentation: Decision Support in Natural Resource 
Management; Panelist, NMO Session 2: Research for Smoothing Transitions: Economic, 
Ecological, Political, Technological, Societal

nILS JohnSon Research Scholar, Energy (ENE) Program, IIASA; Rapporteur: Parallel Session 3: 
Synergies and Trade‑offs among Multiple Sustainable Development Objectives

PAVeL KAbAt Director/CEO, IIASA; Introduction and Welcome to Conference; Moderator, The Role 
of Systems Analysis in Supporting Global Transformations; Panel Presentation: Systems Science for 
Policy Support; Moderator, NMO Sessions; Presentation: Conference Summary and the Way Forward

SAMIr K.C. Research Scholar, World Population (POP) Program, IIASA; Rapporteur: 
Roundtable Seminar 4: Bridging the Science–Policy Gap

YoLAnDA KAKAbADSe President, WWF International; Panel Presentation: The Importance of Civil Society

LeA KAuPPI Finnish Environment Institute (SYKE); and IIASA Scientific Advisory Committee 
Member; Panelist, NMO Session 2: Research for Smoothing Transitions: Economic, Ecological, 
Political, Technological, Societal

rALPh L. KeeneY Professor of Decision Sciences, Duke University; Panel Presentation: 
Risks, Multiple Objectives, and Policy Analysis

nIKoLAY KhAbAroV Research Scholar, Ecosystems Services and Management (ESM) Program, 
IIASA; Rapporteur: Parallel Session 1: Securing Ecosystem Services: Food and Water

JAnuSZ KInDLer Professor, Warsaw University of Technology; Panelist: The Role of Systems 
Analysis in Supporting Global Transformations

ZbIGnIeW KLIMont Research Scholar, Mitigation of Air Pollution and Greenhouse Gases (MAG) 
Program, IIASA; Framing Presentation: Co‑benefits of Near‑Term Climate Change Mitigation
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rAouL KneuCKer, Professor, Institute of Political Sciences, Leopold Franzens University and Law 
of Religions and Religious Communities, Vienna University; NMO Session: Introduction

nADeJDA KoMenDAntoVA Research Scholar, Risk, Policy and Vulnerability (RPV) Program, IIASA; 
Panel Presentation: Risk and Uncertainty in the Design of Sustainability Policies

PArVIZ KoohAfKAn Director of Land and Water Division in Natural Resources Management 
and Environment Department, Food and Agriculture Organization of the UN (FAO); 
Panel Presentation: Securing Ecosystem Services: Managing the Systems at Risk

YurIY V. KoStYuChenKo Ukrainian Academy of Sciences and Ukrainian NMO Secretary; 
Panelist, NMO Session 2: Research for Smoothing Transitions: Economic, Ecological, Political, 
Technological, Societal

fLorIAn KrAxner Deputy Leader, Ecosystems Services and Management (ESM) Program, IIASA; 
Rapporteur, Session 6: New Concepts in Science Supporting Development

VICtor KreMenYuK Deputy Director, Institute of U.S. and Canadian Studies of the 
Russian Academy of Sciences; Panel Presentation: Building Bridges through Negotiations

VoLKer KreY Deputy Leader, Energy (ENE) Program, IIASA; Moderator: Parallel Session 3: 
Synergies and Trade‑offs among Multiple Sustainable Development Objectives

heLGA KroMP‑KoLb Professor and Head of Center for Global Change and Sustainability, 
University of Natural Resources and Life Sciences; Kickoff Statement: Co‑Benefits of Sustainable 
Development for Climate

ArKADY KrYAZhIMSKIY Leader, Advanced Systems Analysis (ASA) Program, IIASA; 
Framing Presentation: The Role of Systems Analysis in Supporting Global Transformations; 
Kickoff Statement: Long‑term and Short‑term Targets: Conflict and Reconciliation

YuAn‑tSeh Lee Nobel Prize Recipient (Chemistry) and President, International Council for 
Science (ICSU); Panelist, High‑Level Session 1: Science Support for Global Transitions

Peter LeMKe Professor, Alfred Wegener Institute and Chair, IIASA Council; Panel Presentation: 
IIASA’s Role in Meeting Global Challenges; Panelist, NMO Session 1: Science for Bridge‑Building 
During and Beyond the Cold War

roGer LeVIen Former IIASA Director; Founder, Strategy & Innovation Consulting; and 
U.S. NMO Member; Panelist, NMO Session 3: Systems Analysis for Informing Decisions: 
Broadening Awareness and Building Capacity

SIMon LeVIn Professor, Princeton University and Former Chair, IIASA Council; 
Framing Presentation: The Role of Systems Analysis in Supporting Global Transformations

Günter LIebeL Director General, Head of Department General Environmental Policy, 
Federal Ministry of Agriculture, Forestry, Environment and Water Management of Austria; 
Statement on behalf of the Federal Ministry of Agriculture, Forestry, Environment and 
Water Management of Austria

JuStIn YIfu LIn Professor and Honorary Dean, National School of Development, Peking 
University; and Former Senior Vice President, Development Economics, and Chief Economist, 
World Bank; Video message: The Quest for Prosperity: How Developing Economies Can Take Off

JoAnne LInnerooth‑bAYer Leader, Risk, Policy and Vulnerability (RPV) Program, IIASA; 
Framing Presentation: Deprivations and Inequalities in Multiple Dimensions: Poverty and Disaster Risk 
Management

DIAnA LIVerMAn Co‑Director, Institute of the Environment at The University of Arizona and a 
Regents Professor, School of Geography and Development; Panel Presentation: Social Science 
Approaches to Evaluating Sustainable Development
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the Wittgenstein Centre for Demography and Global Human Capital; and Director of the 
Vienna Institute of Demography (VID); Framing Presentation: Human Resources for Sustainable 
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DAVID McCoLLuM Research Scholar, Energy (ENE) Program, IIASA; Framing Presentation: 
Toward an Integrated Approach to Energy Sustainability

JACqueLIne McGLADe Executive Director, European Environment Agency (EEA); 
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Panel Presentation: Differential Vulnerability and Disaster Risk Management: Priorities and Opportunities 
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Grand Transformations Towards a Sustainable Future
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Moderator, Session 3: Respecting Nature’s Boundaries for a Fair and Secure World—Food and Water; 
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nArASIMhA rAo Postdoctoral Research Scholar, Energy (ENE) Program, IIASA; 
Framing Presentation: Sustainable Development Pathways: Foundations and Frontiers
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Energy Transformations: Costs and Multiple Benefits

KAtherIne rIChArDSon Professor, Biological Oceanography and Leader, Sustainability Science 
Centre, University of Copenhagen; Panel Presentation: Sustainability Transformations

JohAn roCKStröM Professor, Water Systems and Global Sustainability; Director, Stockholm 
Resilience Centre and Stockholm University; Evening Lecture: Tipping the Scales Towards Global 
Sustainability; Moderator, Session 6: New Concepts in Science Supporting Development

eLenA roVenSKAYA Deputy Leader, Advanced Systems Analysis (ASA) Program, IIASA; 
Panel Presentation: Alternative Approaches for Integration of Models

CArLo rubbIA Nobel Prize Recipient (Physics) and Scientific Director, Institute for Advanced 
Sustainability Studies (IASS) e.V.; Panelist, High‑Level Session 1: Science Support for Global 
Transitions; Panel Presentation: New Energy Infrastructures; Evening Lecture: Can we Maintain 
Sustainability for the Future of Humankind?

JeffreY SAChS Director, The Earth Institute at Columbia University and Special Advisor to the 
UN Secretary‑General Ban Ki‑moon; Video Presentation: The New Millennium Goals—After Rio+20: 
What Next?

thoMAS SCheLLInG Nobel Prize Recipient (Economics) and Distinguished Professor, 
University of Maryland; Panelist, High‑Level Session 1: Science Support for Global Transitions; 
Panel Presentation: Economics of Global Change

John SCheLLnhuber Director, Potsdam Institute for Climate Impact Research (PIK) and Chair, 
German Advisory Council on Global Change (WBGU); Moderator, Session 4: The Multiple 
Co‑benefits of a Cleaner More Equitable World—Energy and Climate Change

LInDA See Research Scholar, Ecosystems Services and Management (ESM) Program, IIASA; 
Rapporteur: Roundtable Seminar 2: How to Meet our Needs in the Face of Pressures on 
Ecosystems?

frAnCeS SeYMour Adviser, Packard Foundation and Former Director General, Center for 
International Forestry Research (CIFOR); Panel Presentation: Forest Resources and Sustainability; 
Moderator: Parallel Session 1: Securing Ecosystem Services: Food and Water

KArL SIGMunD Senior Research Scholar, Evolution and Ecology (EEP) Program, IIASA and 
Professor, University of Vienna; Panel Presentation: Emergence of the Social Contract

SeMIDA SILVeIrA Royal Institute of Technology (KTH), Sweden and IIASA NMO Member; 
Panelist, NMO Session 3: Systems Analysis for Informing Decisions: Broadening Awareness 
and Building Capacity

VeGArD SKIrbeKK Project Leader, Age and Cohort Change (ACC) Project, World Population (POP) 
Program, IIASA; Panel Presentation: Demographic Change and Productive Potential Across the Globe
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YoubA SoKonA Former Coordinator, African Climate Policy Center (ACPC), United Nations 
Economic Commission for Africa and Co‑Chair, Working Group III, Intergovernmental Panel on 
Climate Change (IPCC); Panel Presentation: The Impacts of Climate Change on Africa’s Effort to Pull 
its Population Out of Poverty

KArL SteInInGer Professor, Department of Economics, University of Graz and Wegener Center 
for Climate and Global Change, University of Graz; Kickoff Statement: The Effectiveness of 
Measures and Policies for Mitigating Climate Change

SIMon De SterCKe Research Assistant, Transitions to New Technologies (TNT) Program, 
IIASA; Rapporteur, Session 2: Drivers of Global Change—People, Institutions, and Technology: 
A Systems Perspective

bJörn StIGSon Chairman, Stigson & Partners AB and Former President, World Business Council 
for Sustainable Development (WBCSD); Panelist, High‑Level Session 2: Policy Support for Global 
Transitions; Panel Presentation: Business for Sustainable Development

MArCIn StonAWSKI Research Scholar, World Population (POP) Program, IIASA; Rapporteur: 
Parallel Session 4: Assessing Education, Human Capital, and Vulnerability

JAMeS P.M. SYVItSKI Executive Director, Community Surface Dynamics Modeling System, 
University of Colorado and Chair, International Geosphere–Biosphere Programme (IGBP) 
Scientific Committee; Kickoff Statement: Policies for Mitigating Human Impact on Terrestrial 
Sediments

KAZu tAKeMoto University of Tokyo and IIASA Council Member; Panelist, NMO Session 1: 
Science for Bridge‑Building During and Beyond the Cold War

MIChAeL thoMPSon Senior Research Scholar, Risk, Policy and Vulnerability (RPV) Program, 
IIASA and University of Oxford and University of Bergen; Kickoff Statement: Clumsy Solutions 
for a Complex World

huGo VALIn Research Scholar, Ecosystems Services and Management (ESM) Program, IIASA; 
Rapporteur, Session 3: Respecting Nature’s Boundaries for a Fair and Secure World—Food and Water

DetLef VAn Vuuren Researcher, Netherlands Environmental Assessment Agency (PBL); 
Panel Presentation: Road from Rio+20: Different Ways to Achieve Sustainable Development 
Objectives in 2050

DAnIeLA Weber Research Assistant, World Population (POP) Program, IIASA; Rapporteur, 
Overview Lecture and Panel: The Role of Systems Analysis in Supporting Global Transformations

DAVID WIberG Research Scholar, Water (WAT) Program, IIASA; Panel Presentation: Developing a 
New Generation of Integrated World Water Scenarios

AGunG WICAKSono President’s Delivery Unit (UKP4) and Bandung Institute of Technology (ITB), 
and Indonesian NMO Member; Panelist, NMO Session 4: Supporting a New Global Network to 
Develop Solutions for Decision Makers

ChArLIe WILSon Research Scholar, Transitions to New Technologies (TNT) Program, IIASA and 
Tyndall Centre for Climate Change Research, University of East Anglia; Framing Presentation: 
Technology: The Art of the Science of the Possible

SteVen WILSon Executive Director, International Council for Science (ICSU); Panel Presentation: 
Future Earth

DetLof Von WInterfeLDt Former IIASA Director and Professor, University of Southern 
California and Centennial Professor, London School of Economics and Political Science; 
Moderator, Session 7: Addressing the Challenges Concurrently—Science and Technology for 
Sustainable Development

YoShIKI YAMAGAtA Principal Researcher, Center for Global Environmental Research (CGER), 
National Institute for Environmental Studies (NIES), Japan; Moderator, Roundtable Seminar 3: 
Green Growth
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KenJI YAMAJI Director‑General, Research Institute of Innovative Technology for the Earth (RITE) 
and Professor Emeritus, University of Tokyo; Panel Presentation: Energy Transformations in Japan

SooGIL YounG Chairman, Presidential Committee on Green Growth, Republic of Korea; 
Panel Presentation: Korea’s Green Growth Strategy as an Approach to Green Transformation

KAnDeh K. YuMKeLLA Special Representative of the UN Secretary General for Sustainable 
Energy for All; Director General, United Nations Industrial Development Organization (UNIDO); 
and Chairman, UN‑Energy; Panelist, High‑Level Session 2: Policy Support for Global Transitions

YInGLAn ZhAnG National Natural Science Foundation of China and IIASA NMO Secretary; 
Panelist, NMO Session 1: Science for Bridge‑Building During and Beyond the Cold War
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About the ConferenCe
Today’s world is undergoing major transformations, characterized by increased 
globalization, fundamental shifts in economic and political power, escalating environmental 
challenges, and unpredictable social conflict. IIASA’s 40th Anniversary Conference 
examined the many sustainability and development challenges such transformations impose 
and explored options for resolving these challenges. It explored new “future worlds” that 
accommodate our collective needs and aspirations, while living within, and respecting, 
planetary boundaries.

About IIASA
IIASA is an international scientific institute that conducts research into the critical issues 
of global environmental, economic, technological, and social change that we face in the 
twenty‑first century. Our findings provide valuable options to policy makers to shape the 
future of our changing world.

IIASA is independent and funded by its National Member Organizations. 
In March 2014, these were:

AuStrALIA The Commonwealth Scientific and Industrial Research Organisation (CSIRO)
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MALAYSIA Academy of Sciences Malaysia
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