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I am honored and delighted to be here today at the launching of the Zuckerman Institute for
Connective Environmental Research (ZICER). With many of my colleagues around the world, I
look on ZICER as both as a grand new home for many of the uniquely strong programs in
environmental science and policy that the University of East Anglia has nurtured over the years,
and as an exciting experimental response to Lord Zuckerman's prescient call for "something
absolutely new and fresh"2 to harness the potential contributions of scientific research to the
challenges of the day.
The Zuckerman Institute is the latest in a series of institutional and programmatic innovations
emerging over the last decade in response to the growing recognition that science and technology
must be more effectively mobilized to support a transition toward sustainability. 3 Under the
impetus of the World Summit for Sustainable Development, held last year in Johannesburg, a
substantial number of studies, workshops and conferences were held with the goal of exploring
the most urgent priorities for narrowing the gap between knowledge and action in meeting the
challenges of sustainable development. 4 I had the privilege over that period of working with
several of the individuals present here today in the Initiative on Science and Technology for
Sustainability -- an international effort to connect and integrate the findings of those many
dialogues and committee efforts. 5 My goal in this presentation is to summarize what the efforts
synthesized by the Initiative have identified as the most important challenges for innovative
experiments such as the Zuckerman Institute that are seeking to discover how, in the words
Director Kerry Turner has used in summarizing ZICER's mission, "to ensure that their research
produces workable solutions" to the most important sustainability challenges of the day.

The sustainability challenge
What those challenges are is reasonably clear. To paraphrase a recent report I co-chaired for the
US National Academy of Sciences, a transition is underway to a world in which human
populations on earth are more crowded, more consuming and more connected than at any time in
history. The good news is that the human population is well on its way to stabilization, and is
unlikely to double again in the next century, despite having done so 3 times in the last. The less
good news is that by the time population stabilizes, we will have added another 3-4 billion or so
people to the planet, almost all of them in urban areas of the developing world. Meeting the
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most needs and wants of a population half again as large as today’s implies greater production
and consumption of goods and services; more demand for land, water, energy, and materials; and
more stress on the world’s environment and living resources. Can the transition toward a
stabilizing population that will be experienced by our grandchildren also become a transition
toward sustainability, in which they learn to shape a good life for themselves while helping to
alleviate poverty and hunger in those less fortunate, and actively nurturing and restoring the
planet’s life support systems? Or will the other transition visible today be accentuated, with a
small fraction of the planet’s human population increasingly gated off in well- fed, airconditioned comfort while its continuing demands for increased consumption continue to cook
the planet, empty the seas, and poison the land from which everyone else will be expected to
scratch an ultimately inhuman and unsustainable living? 6

The contribution of science and technology
The community- wide dialogues to which I referred earlier shared the view that science and
technology are central to both the origins of the sustainability challenge, and to the prospects for
successfully dealing with it. Science and technology played a central role in bringing about the
increases in agricultural yields and distribution systems that have helped to keep most of the
world from famine… but only at the cost of significant environmental degradation. They
brought us the CFCs that preserved our foods, cooled our homes… and depleted the ozone layer.
But they also brought us the research and monitoring programs that raised the ozone alarm, and
the substitute technologies that have allowed us to continue providing the services originally met
through CFCs, but in a manner less damaging to the environment. Promoting similar transitions
toward sustainability in the 21st century will require much more than improvements in the
production and effective use of science and technology. But no serious analysis has suggested
that it will be possible to meet the challenge of sustainable development without intelligent and
effective use of science and technology to help do the job. 7
The question is how society can better mobilize S&T to support and accelerate a transition
toward sustainability. Frankly, no one knows. But a growing number of experiments are now
underway to find out. In the South, these include institutions such as the African Center for
Technology Studies, SE Asia’s Unit for Social and Environmental Research, and India's Society
for Research and Initiatives for Sustainable Technologies and Institutions. North America has a
growing number of university-based projects such as Columbia University's Earth Institute and
Stanford's Institute for the Environment. Europe has exhibited the most impressive and
sustained public investments in science and technology for sustainability, supporting such
ventures as the International Institute for Applied Systems Analysis, the Potsdam Institute, and,
of course, UEA’s School of Environmental Studies and its newly launched Zuckerman Institute
for Connective Environmental Research. 8
But however encouraging the number and variety of these experiments, they are just that:
experimental responses to the need identified by Lord Zuckerman for "something absolutely new
and fresh" in harnessing the sciences of the environment to the challenges of the day. As
experiments, some of these ve ntures will -- and probably should -- fail. The trick, as always in
experimental science, will be to recognize the failures early, to learn from them, and to get on
with the job. To do this, however, will require some specific targets or criteria against which to
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measure progress, or the lack of it. Such targets will certainly need to be modified to reflect the
particular circumstances of particular experiments in particular places. Nonetheless, it may be
worthwhile for the individual experimenters – including those of you here at ZICER -- to have
some shared vision of what the world is hoping that we, collectively, will produce. Such a
consensus on what science for sustainability might seek to accomplish is what the dialogues I
referred to earlier have been pursuing over the last several years, and to which I now turn.

How could S&T better support a transition toward sustainability?9
I begin with the sobering observation that the single dominant view of the dialogues noted earlier
is that most of the experiments in S&T for Sustainability now underway will, a few years hence,
have slipped back into doing their conventional research in conventional ways with only their
names and funding sources changed. This is not to doubt the sincerity of the leaders of the
experiments, but a simple observation on the number of fads that have swept the science
community over the years, and the enormous conservatism of our disciplines, universities,
funding organizations -- present company accepted -- and honorific academies in the face of
those fads. There was, however, reasonable consensus among the participants in the
sustainability dialogues of what would be needed to keep today’s experiments focused on “the
something new and absolutely fresh” required to advance sus tainability. Among those to which
we, the experimenters, might want to hold ourselves accountable are the following:
1) A goal of finding solutions , not just of characterizing problems. Decision makers, and
development and conservation practitioners invo lved in our dialogues had great respect for the
contributions made by science to identifying the hazards of unconstrained growth. But they also
pointed out that the same scientists who would talk forever about problems often found other
things to do when asked to participate in the dirty work of crafting workable solutions. This, of
course, fits a long-standing (if pernicious and historically unjustified) academic prejudice for
“fundamental” over “applied” work. Serious work on solutions – so nicely captured in Prof.
Turner’s characterization of ZICER – would seem to be a fundamental requirement for the “new
and fresh” science of sustainability.
2) An integrative, holistic approach to sustainability instead of a preoccupation with single
stressors (even climate change) or single solutions (even solar energy). This need for an
integrative approach showed up in the dialogues in three complementary ways:
a) Nature -society interactions : A science that can systematically advance sustainability
needs to be a science of the interactions between nature and society. It is not enough to maintain
the traditional focus on one element of this pair while treating the other as an external constraint
or forcing function. Rather, sustainability science needs to integrate natural and social science
perspectives to better understand the dynamical interplay by which environment shapes society,
and society in turn reshapes the environment. 10
b) Place-based: One of the most robust findings of recent research and practice is that
the greatest threats to sustainability are almost certainly not from single stressors such as climate
change or biodiversity loss, but rather from the intersection and interaction of multiple stresses -environmental and social -- coming together in specific regions and locals. 11 A useful science
for sustainability would need to balance its conventional preference for universal truths with a
deep commitment to engaging the unique sustainability challenges of specific places. The
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integrated work on coastal zone sustainability being pursued here in East Anglia through the
Tyndall Center, ZICER and their collaborators is a good example of what the dialogues
suggested is needed.
c) Sectoral or service focus: One of the greatest wastes of analytic effort in the
sustainability debate has been the tendency to focus on the potential risks and benefits of
particular technologies and behaviors, rather than the comparative risks of alternative
technologies or behaviors for providing specified services. A useful sustainability science would
spend little time trying to determine, for example, the (absolute) risks of genetic technologies,
but lots looking at whether a choice of Bt-cotton, or cotton-plus-conventional pesticides, or
polyester fibers was a more sustainable approach to providing the clothing fibers people want.
3) A third need to keep the science of sustainability “new and fresh” is a commitment to the coproduction of usable knowledge by scientists and stakeholders in sustainability. It has
become increasingly clear over the last decade that science no longer is automatically deferred to
by society or decision makers on matters of practical importance. People remain prepared to
change their behaviors or beliefs in response to new knowledge. Increasingly, however, they
will do so primarily for new knowledge that they have had a hand in shaping. This may be as
simple as participating in the formulation of questions to be asked by the experts, or having a say
in who will sit on expert committees. It may be as fundamental as actually participating in the
experiments on which experts base their conclusions. In any case, an effective science of
sustainability will almost certainly need to be a science in which academics, government,
business people and lay citizens see themselves vested in the production as well as the use of
knowledge. 12
4) A final and related point to emerge from the dialogues is that scientists – and scientific
institutions – seeking to make a substantial contribution to sustainability will need to conduct
themselves more as facilitators of social learning and less as sources of social guidance.
Virtually anything worth doing to promote sustainability needs widespread support by multiple
sectors of society to move forward. Virtually anything worth doing will be hard enough that it is
likely to require multiple successive approximations to get it even approximately “right.”
Science has a great deal to contribute in helping society to design policy experiments from which
it can learn, and in helping to design the monitoring and assessment systems necessary to carry
through the learning. But this “facilitator” role has not always come easily to scientists,
especially those brought up in an earlier tradition of “science advice to government.”13

What methods and models would a useful science of sustainability
need to develop?
Let me turn now from how science and technology might conduct itself in an effort to contribute
to sustainability, to what the resulting research might do. I begin with a consideration of
methods and models, before turning to possible priority areas for topical research.
1) Assessing sustainability: It is well established in the history of science that the methods we
have shape the questions we ask, and thus the answers we get. Present methods for addressing
the environmental impacts of human activities impose a bias toward treating sustainability
problems as though they were merely technocratic exercises in forecasting the impact of single
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stressors on simplified systems with linear responses and minimal uncertainty. In fact, many of
the greatest challenges to sustainability could not be more different from this method-driven
cartoon: They involve multiple, interacting stresses; complex, non-linear responses; systemic
uncertainty and multiple stakeholders. A serious effort to develop integrated assessment
methods more appropriate to these real challenges of sustainability is needed. Such an effort
would almost certainly have to engage qualitative approaches to the mathematics of complex
systems, advances in numerical computation, and computer-aided visualization of results. And it
would need to do so in ways that can engage the meaningful participation of stakeholders in
sustainability, not merely communities of technical experts. A successful program in the
developing and testing of methods for sustainability assessment would be one metric by which to
evaluate the development of sustainability science over the next decade.
2) Measuring Sustainability: Assessment, however, can be no better than the measures of the
state of the world on which it is based. When asked in the 1970s how economic science was
most likely to contribute to improving policy-relevant forecasts over the coming decades, the
Director of Britain’s National Institute of Economic and Social Research noted recent
improvements in computer models, but responded that “the main improvement [would] come…
from knowing more accurately where the economy actually is….”14 The same has been said for
recent improvements in the forecasting of climate anomalies associated with El Nino and the
Southern Oscillation. Analogously, we are unlikely to see a sustained impact of science on a
transition toward sustainability until we have a stable, meaningful and well- grounded set of
indicators and measurements that reflect more accurately where the coupled system of human
well-being and the environment “actually is.”
At present, a great variety of ad- hoc indicator systems about sustainability exist, one of the best
of which is run by the UK government. We know, however, that indicator systems which have
proven to be truly useful in guiding policy on volatile political topics -- systems such as the
national income accounts, or the global temperature trends so famo usly assembled by UEA's
Climate Research Unit -- have been grounded in coherent theory and exhibited a substantial
degree of sampling and methodological sophistication. No operational set of sustainability
indicators in use today has such properties, though the conceptual groundwork has been laid by
such scholars as Cambridge's Partha DasGupta. 15 The challenge ahead is the hard work of
matching general concept with specific needs and operational measurement, and doing so
through participatory processes that bring multiple sectors of society to support the resulting
product. Putting in place an operational system of scientifically credible, practically useful, and
politically unbiased sustainability indicators could be a central objective of sustainability science
over the next decade.

To what solutions should an effective program of S&T for
sustainability contribute?16
A surprise from our dialogues was how different the priorities for sustainability problems and
solutions were for different groups in different parts of the world. In fact, the dialogues’ initial
goal of producing a comprehensive set of “global” priorities was abandoned in favor of more
regionally-attuned efforts. That said, however, three areas stood out as high on the priority lists
for virtually every region involved in the dialogues. These topics therefore might be ones for
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which most of the ZICER- like “experiments” in sustainability science now underway might be
expected to devote some serious attention:
1) Adaptiveness, vulnerability, and resilience in complex socio-ecological systems:
Sustainability depends on building and maintaining the adaptive capacity needed to deal with the
shocks, surprises, and longer-term structural transformations that are increasingly characterizing
our world. Existing understanding of adaptiveness, vulnerability, and resilience has tended to
adopt either nature- or society-oriented views of the world. Needed are new tools and concepts
that facilitate management of these properties for the tightly linked socio-ecological systems that
are at the heart of the sustainability challenge. Such understanding will have to address the
embedding of particular socio-ecological systems – and their adaptive capacity – within larger
regional and global contexts. John Schellnhuber, Neil Adger and others associated with ZICER
are already playing leading roles in this important area of work. 17
2) Sustainability in complex production-consumption systems: There have long been
independent calls for deeper understanding of how the environmental impacts of production, on
the one hand, and consumption, on the other, can be lowered. An important insight emerging
from our dialogues is that the greater need is for an integrated understanding of the relations
between consumption and production. These are becoming increasingly complex as
globalization increasingly separates locations at which production and consumption occur.
Incentives and technologies work on both ends of the production-consumption chain, and an
integrated understanding of their impacts on sustainability is badly needed as a guide for
targeting specific policies. This afternoon’s seminar on “A sustainable energy economy”, hosted
by ZICER’s long time advocate Sir Crispin Tickell, will explore current thinking in the one
sector for which such integrated perspectives are perhaps most advanced.
3) Institutions for sustainable development: The systems of rules, procedures, and
expectations that guide social interactions shape both the challenges of, and the opportunities for,
sustainability. Experience reviewed in the dialogues makes it clear that the ability of our
institutions to deal with the cross-scale aspects of interactions among politics, markets, and
knowledge will be especially important in determining the prospects for sustainability. Our
dialogues not only highlighted the wealth of experience in institutional experimentation that is
underway around the world, but also revealed a deep thirst for systematic efforts to analyze
comparatively and dispassiona tely the performance of those experiments, to identify how and
under what conditions some institutions advance sustainability goals better than others, and
above all to help the groups running the existing institutions to learn from one another.
International forums on such as that being hosted by UEA’s Professor Tim O’Riordan as part of
this week’s “Sustainability Days” celebrations are just the sort of beginnings that are needed. 18
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What reforms in our national and international systems of science
and technology would be necessary to grow the global capacity for
sustainability science?19
The challenges of sustainability are great, and urgent. Daring experiments such as ZICER and
the others mentioned earlier are necessary early steps in harnessing the potential of science and
technology to address those challenges. But moving a substantial fraction of the world toward a
sustainability transition will need not one or a even a dozen ZICERs, but rather hundreds if not
thousands of them. Crafting a strategy for creating such a global population explosion of ZICER
cousins and descendents is a matter in need of careful thought and institutional attention. But it
is worth contemplating as we head off to eat and celebrate how profoundly ZICER and its
relatives are challenging the larger S&T establishment within which they are taking their
unconventional and sometimes uneasy places:
* Who should ZICER -- and others like it that truly want to advance science for
sustainability -- be recruiting as professional staff?
* Where should their students come from, and how should they be trained – in what
combination of disciplines, and what combination of academic, government, and private
practice?
* By what criteria should those training and working in ZICER-like institutions around
the world be promoted and rewarded?
* Who will honor their most creative and productive members, in a world dominated by
academic departments and conservative academies?
* Who will fund their work, as we move from a few experiments to the scale of
investment necessary for the operational promotion of a world-wide sustainability transition?
* How will fortunate leaders like ZICER support the emergence of similar institutions in
parts of the world most in need and least able to afford them?
--I am enormously grateful to have had the opportunity to join you here today at the launch of this
grand experiment that is ZICRE. As befits, I suppose, a sometimes researcher, I can hardly wait
for the results.
Thank you.
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