Expert Roundtable on critical research priorities in

Sustainable Development 
The eminent biologist E.O. Wilson describes humankind as passing through a harrowing bottleneck in the 21st century.  In the 200 years since the Industrial Revolution, human population has increased six-fold and economic activity an estimated 50-fold. Since then scientific and technological advances have enabled much of the world’s population to make vast gains in economic prosperity, health and well being. Yet the sheer volume of people and the intensity of their activities are leaving a trail of environmental degradation that poses future risks of unprecedented complexity.  

To note just a few of the risks, critical ecosystems such as forests that hold top-soils and wetlands that purify fresh water are being degraded or destroyed, leaving many people vulnerable to floods, collapsed agricultural productivity and unsafe drinking water. These problems are not new but they are occurring at an unprecedented global scale.  Rapid urbanization and inadequate planning is having deleterious effects on city-dwellers and surrounding ecosystems.  The vast oceans are proving equally vulnerable, with major fisheries declining more rapidly than we thought possible even a few years ago.  While world leaders once hoped globalization would pull the poorest people out of poverty, hundreds of millions are falling in a precipitously downward spiral of deeper impoverishment and environmental degradation. Human impact on the long-term global climate is threatening to disrupt fragile Earth systems in future decades unless we can create novel energy sources, technologies and/or regulatory systems that can halt continued changes to the planet’s atmosphere. 
These are the type of risks that the study of sustainable development examines and the challenges to which we seek solutions.  No solutions can be possible unless we develop a clear understanding of the phenomenon at work through research studies of the basic processes.  Virtually all the key areas of risk are the outcome (often unintended) of human and natural systems interactions.  Consider as a simple case the impact of natural disasters such as storms, droughts, and earthquakes.  It is now well documented from studies by the UNDP and World Bank that the impacts of geophysically or meteorologically identical extreme events produce very different mortality and economic outcomes.  Development status is the primary determinant because poorer communities are both physically and socially more vulnerable than prosperous ones (http://www.undp.org/bcpr/we_do/global_report_disaster.shtml).  For some countries development is massively impeded by disasters while others have been able to recover and re-build in a way that positively influences growth, at least in some sectors of the economy.   However, no developed country has been impacted by a major disaster in several decades and the consequences of, for instance, a magnitude 9+ earthquake in Tokyo can only be speculated upon.  Disasters are the extreme case, of course, but they underscore the complex dynamics of natural and human system interactions and the level of social exposure that some communities face.  

A program of research in sustainable development at NSF would provide a critical stimulus to advance our understanding of the urgent issues that face our planet and its peoples. Research is needed both to understand the fundamental social and natural phenomena at work in determining human futures and to device solutions that will achieve sustainable development.  The research and the construction of solutions will involve studies within and across virtually all the major disciplines sponsored at NSF.  We believe that much of the needed research can be characterized as basic in nature because there are fundamental processes in play that are not well understood and require the full suite of tools of basic research to uncover.  The research is also outcome driven in the sense that there is a well defined goal of devising ways to achieve sustainable development and may be analogous to Donald Stokes’ “use inspired” basic research, lying in the so-called Pasteurs’ Quadrant of scientific research (Stokes, 1997).  Coming up with pathways to achieve sustainable development will certainly require interactions across the basic and applied sciences.  In many instances engineering programs and public health interventions will play a key role.  

We therefore propose a focused Roundtable discussion that would bring together a diverse expert group comprising the leading innovators in the social, natural and applied sciences in a one day meeting to define the key elements of research programs in sustainable development at NSF.  

Sustainable Development

There has been ongoing debate about the meaning of the term sustainable development since the Brundtland Commission definition
 of 1987 (Our Common Future, 1987).  It is generally agreed though that when we speak about sustainable development we are referring to the future and security of the Earth and the lives of people who live on it.  To simplify, generally speaking we can separate the two concepts contained in the term sustainable development, and say that by development we specifically mean the challenges of spreading social, political and economic opportunity to the entire global community, particularly the poorest of the poor.  By prefacing with sustainable, we refer to the objective of managing the world’s development in a manner consistent with the continued healthy functioning of the Earth’s ecosystems, oceans, atmosphere and climate.  The two concepts are deeply connected across many levels and scales and there are innumerable caveats and nuances of meaning lying beneath the simplistic definitions given here – for instance, is sustainable development possible for some groups now only by reducing the development options for others now and in the future?  Keeping the separation of the two components to the term we can highlight different issues that might serve as a vehicle for guiding discussion at the proposed Roundtable.   

Development Challenges and Research Priorities
Studies of development apply to all levels of human prosperity but, as our meaning suggests, we make special emphasis on poor societies and for very compelling reasons.  Poor countries pose urgent and specific challenges that are quite different from those for countries where market economies are functioning and where growth, at least for the moment, can be assured.  The history of global economic development now makes very clear that growth in one part of the world, no matter how aggressive, will not simply sweep countries in other parts of the world along in its wake, but will reflect development inequalities within regions, countries and districts.  Vast areas of the world have been sidelined so that today, despite astonishing prosperity in some places, nearly half of humanity still lives on less than two dollars per day and one sixth still lives in chronic poverty surviving on less than a dollar a day [dollars adjusted to PPP – purchasing power parity – and hence represent truly comparable values]. The figures describing the harshest conditions of deprivation, to the extent that they are available, are appalling – at least 25,000 people die daily from poverty-related causes and the number may be as high as 40,000.  Most of these deaths occur in sub-Saharan Africa and the causes of virtually all have known forms of prevention or cure.  Life and death there go on much as they have done for centuries.  

Progress in improving the lives of those who suffer the many harsh deprivations of poverty throughout the world has proven to be agonizingly slow in large part because understanding the root causes of poverty and the pathways to improving the condition of the world’s poorest people has proven to be an extremely refractory problem.  A key question that has emerged from analyses of poor country settings and performance concerns the fundamentals of poor country economies as they differ from those of growing economies.  Poor countries may not simply be waiting their turn, stalled at the initial phase of economic growth as described by neo-classical economic growth theory.  Instead they may be caught up in a so-called Poverty Trap, a stable state or equilibrium in which the conditions of poverty become self-perpetuating (see for instance, Azariadis and Stachurski, 2004 and references therein).  Rather than following a classic Solow-Swan growth function in which growth is initially rapid and then decreases with time, the starting conditions of poor countries may cause growth to be initially negative.  Determining factors include the low marginal productivity of capital in settings where basic infrastructure is lacking, savings rates that can be very low or negative, and rapid population growth with very low capital-labor ratios.  Economies cannot move out of these trapping conditions without external interventions (Sachs et al, 2004) and may remain in persistent decline and evolve toward a low level stable equilibrium of poverty.  In other words, poverty itself becomes the cause of further poverty just as growth fuels further growth in expanding economies.   

A further key insight is that the factors that lead to low growth and the potential for poverty traps include, and may in many instances be dominated by, a suite of complex co-dependencies between human well-being and Earth’s natural systems (Bloom et al, 2003; Gallop et al, 1999; Sachs and Warner, 1997).  Progress in poor settings then is more than a matter of economic and other public policies, governance and appropriate institutions, but also of profoundly important interactions between human and natural systems.  It is the quest for basic human needs in these settings that is often the principal cause of severe environmental degradation, depletion of forest resources, fertile soils and other natural assets, while causing extreme vulnerability to climate variations and other natural extremes, possibly triggering conflicts (Miguel, 2006; Rice, 2006).  Though resulting from poverty these outcomes are equally determinants of poverty: the cruel backlash of a desperate struggle to survive or break the bonds of poverty.  These co-dependent relationships are thought to be multi-interactive and cross many scales.  They are likely to be non-linear with emergent properties that can include the potential for extremely rapid declines.  Systemic shocks like major natural catastrophes may plunge weakly growing economies deep into poverty trap situations (Barrientis, 2007; Carter et al, 2007). 

For countries in these situations questions of sustainability enter quite differently from those in well developed or emerging economies – the current conditions may be self perpetuating and hence stable, but deeply undesirable both in terms of human well being and for the associated degradation in the environment.  Of considerable concern is that global climate change may cause sufficient stress on marginal economies that they will descend into conditions of scarcity that could trigger widespread poverty traps and conflict situations from which they will be unable to emerge.  

Sustainability Challenges and Research Priorities

For the poorest countries the urgent need is to light the flame of economic growth.  For growing economies, especially the rapidly growing economies of India (doubling every 10 years) and China (doubling every 7 years), the issue is how to keep the flame burning without it causing destruction to the very environment that provides the fuel for growth.  

Sir Partha Dasgupta, the Cambridge economist opened his critique of Jared Diamond’s recent book Collapse in the London Book Review by asking the following questions: 

“Are our dealings with nature sustainable? Can we expect world economic growth to continue for the foreseeable future? Should we be confident that our knowledge and skills will increase in ways that will lessen our reliance on nature despite our growing numbers and rising economic activity?”

These questions neatly encapsulate the core issues of sustainable development for growing economies. Diamond’s well-known view is that the answers to them are generally “no” and he cites many examples from the past and a number from the present in his well known popular book Collapse to support his case.  Dasgupta, in a withering criticism of what he sees as Diamond’s single minded neo-Malthusian treatment of our future prospects, along with Ronald Bailey’s equally caustic review in Reason Magazine, sets out the other side of the discussion of key issues in the sustainability of humankind’s current trajectory.  They argue that the past holds numerous examples of how many societies have prospered very well despite such factors as high population densities, aggressive use of forest and other natural resources and all the other maladies that brought some societies to their knees.  For every negative example, economists are able to find a strong counter-example.  A key factor is that, thus far, modern societies have met every sustainability challenge with technological innovations that have allowed economies to grow while actually lessening the environmental impact of economic activities.  

The growth of economies though, may not be properly assessed and development may be incorrectly calculated, even in strongly growing economies. Dasgupta points out the incomplete accounting that measures such as GNP provide.  An economy’s productive base consists of its capital assets and its institutions; ecological economists argue that estimating wealth should include not only the value of manufactured assets but also ‘human’ capital (knowledge, skills health), natural capital (ecosystems, minerals, fossil fuels), and institutions (government, civil society, the rule of law). GNP does not include depreciation of natural capital.  The list of unaccounted for natural capital assets is vast including fresh water, ocean fisheries, soils, forests, wetlands, mangroves, coral reefs, atmospheric quality. So long as depreciation of natural capital (a rather formal way of referring to depletion and/or destruction of the environment) is not included in estimates of economic growth, such estimates will be deeply misleading in evaluating the sustainability of current trajectories.  

Knowledge, skills, institutions and manufactured capital can in principal substitute for nature’s resources, so that loss of some natural capital can be compensated by investment in other forms of capital.  As Robert Solow has put it "If it is very easy to substitute other factors for natural resources, then there is, in principle, no problem. The world can, in effect, get along without natural resources."  In other words, nature can be thought of as expendable – just use it up and it can be substituted for other forms of capital.  

Mounting evidence from almost every sector and almost every corner of the planet implicates the pressure of human economic activity as moving natural capital rapidly toward depletion or such severe degradation that their use is impossible in a time frame well before substitution can be achieved, be cost effective, desirable or even possible (see, for instance, Vitousek et al, 1997; the reports of the Millennium Ecosystem Assessment at http://www.maweb.org/en/index.aspx; the 2006 UNDP Human Development Report: Beyond Scarcity: Power poverty and the global water crisis at  http://hdr.undp.org/hdr2006/report.cfm or more generally the reports of the WorldWatch Institute at http://www.worldwatch.org/).  Continued growth even at the present rates, particularly in the rapidly expanding economies of China and India, would lead to massive resource depletions and widespread degradations of virtually every natural asset on the planet.  Add to this pressure the legitimate aspiration for poorer countries to become much less poor on a planet with an additional 3 billion inhabitants and by 2050 the economic throughput would be at least five times the current level.  Technical innovation that allows substitution and more efficient uses of natural assets may come to the rescue, but many observers fear that we are on the cusp of a sustainability crisis at present, with little or no time left to innovate.   

Development and Sustainability in the face of Climate Change

The challenges of the rich and poor world, of development and of sustainability, converge in the face of the truly global threats created by global warming.  Across the planet societies have established themselves in a manner that is in equilibrium with local conditions.  That equilibrium can be quite precarious as it is in the harshest regions of the world in the high Arctic and in sub-Saharan Africa.  In such places people’s lives already hang in a balance that depends on sparse fragile ecosystems or very low rainfall, or as in the exploding peri-urban slums of mega-cities in the developing world, so many of which are in coastal settings vulnerable to sea level rise and increased storm frequency.  Such unstable equilibria can be unsettled by even small changes to ambient conditions resulting in massive disruptions to already stressed life support systems.  Loss of arable land or critical ecosystems could lead to massive internal and cross-border migrations, and the potential for conflict is just one dire outcome.
In places where the equilibrium is relatively robust and natural variations such as hurricanes or dry periods can presently be managed without major economic setbacks, the large-scale shift in base conditions like sea level rise, storm intensity, the movement or loss of ecosystems, hydrological systems changes, are also anticipated to be massively disruptive.  The very high latitudes, though much less populated, will suffer the most severe, direct perturbations to extremely fragile ecosystems.  Although the effects of climate change are acknowledged to be quite variable across the planet with some regions even expected to benefit (IPCC, 2007, http://ipcc-wg1.ucar.edu/wg1/wg1-report.html), the rapid re-arrangement of natural systems and the associated re-distribution of prosperity is unprecedented in human history and overlays on a planet whose sustainability is already at risk even without this additional stress.  

Proposed Roundtable

We propose that NSF sponsor a Roundtable with around 25 invited participants who are recognized leaders in the natural, engineering, health and social sciences and who can help shape a vision for a sustainable development program area at NSF.  Rather than a set of formal presentations we envisage a structured deliberation among this relatively small expert group over a day at NSF’s offices in Virginia.  Key participants or groups (perhaps four or five) would be asked to prepare a short white paper to be distributed ahead of the Roundtable that would assess the state of understanding of key issues in sustainable development from their particular perspective.  They would also be asked to suggest a suite of research themes that should be explored to significantly advance our understanding of those issues.  One possible format for the Roundtable would have the day lead off by a key note address setting the overall objectives of the Roundtable, followed over the course of the day with four sessions, say, in which the white papers were presented by their authors and discussed by the whole group.  The day might conclude with a sessions designed to draw together the elements that were presented during the day into a coherent research plan.

By assembling a small group of the world’s recognized leading thinkers from a diverse suite of backgrounds we would animate a new set of dialogues on the inherently cross-disciplinary field of sustainable development that would identify the importance of the subject, the urgency of the issues, and the intellectual challenges they present.  

Many specific questions arise around the subject of sustainable development and we list just a sub-set in the attached Appendix. None of these questions have adequate answers and all require efforts in fundamental inter-disciplinary inquiry to establish answers.  In many instances the lack of suitable answers stems from the fact that research into these questions has to date been based largely out of specific disciplines.  The problems themselves derive from the multiple ways in which human societies interact with Earth’s systems and hence solutions to them will lie in studies at the nexus of the social and natural sciences.  A research program that is both broad in the scope of disciplines it engages and focused in its attention to the key issues in sustainable development is urgently required.  The proposed Roundtable would take a significant step toward defining such a program.  

Among the individuals who could participate in the Roundtable if available are the economists Prof. Jeffrey Sachs and Prof. Joseph Stiglitz from Columbia University, both of whom are world renowned for their contributions to the sustainable development (and co-directors of the new PhD in Sustainable Development in the School of International and public affairs at Columbia).   Others who we could consider in the role of white paper authors are: Paul Collier who has made seminal contributions on development issues including the burdens of conflict and is author of a new book “The Bottom Billion”; in Public Health, Dr. Barry R. Bloom, Dean of the Harvard School of Public Health; Prof. E. O. Wilson would be an exceptional contributor on the subject of biodiversity; we have several times referred to the thinking of Sir Partha Dasgupta, Frank Ramsey Professor of Economics at Cambridge University; Prof. Joel Cohen from Rockefeller University is a world authority on population and a major contributor to ideas in sustainable development; Dr. R.K. Pachauri, Chairman of the Intergovernmental Panel on Climate Change (IPCC); perhaps a long-shot but Sir Nicholas Stern, author of the widely influential Stern Review – The Economics of Climate Change would, of course, be an excellent participant.  

There are many others we could consider and these names are identified to give a sense of the caliber of participant we would hope to engage.  Our immediate step in making plans for the meeting are to develop a small steering committee at Columbia whose task it would be to take on two interconnected tasks: one is to set out an agenda in some detail, the other is to determine a list of invited participants and organize invitations.  Professor John Mutter will chair the steering committee and will keep NSF staff up to date on the panning.  Management staff of the Earth Institute at Columbia would support the steering committee.  We will establish an intranet site to support the work and ensure that the progress of the planning is available to appropriate parties.  The committee would meet mostly by phone and/or email and would meet at NSF a half day before the Roundtable to ensure that the meeting is set up satisfactorily and would stay a half day after to begin the reporting.  The committee would be responsible for providing published output from the Roundtable in Web documents, publications and print materials.   

Our overall objective is to define the elements of a new research program at NSF that addresses the fundamental challenges of sustainable development across a broad front.  We would produce a report for the NSF that would outline the recommendations for the new research program and publish summary discussions in vehicles such as EOS for the natural scientists and social science publications that would reach a wide range of colleagues in many fields.  

Appendix: Some potential questions for the Roundtable   

· Can we create spatially disaggregated coupled models capable of examining how specific regional and local shifts in global climate will drive changes in key natural assets such as arable lands, fresh water, and forests, and their interaction with economic systems?  

· Can coupled models of environmental change, social responses and economic growth be used to guide decisions about future options for sustainable adaptation to inevitable changes including choices of energy generation and carriers, water resource management and agricultural practices?   

· Can we examine the threshold effects and nonlinearities in the coupled natural and human dynamical systems, especially those that might lead to rapid collapses or rapid shifts to different stability conditions?  Are there “tipping points” in the coupled system?

· Can we examine the development consequences of the massive urbanization processes going on globally?  To what extent do they present threats in the face of change or adaptation mechanisms?  [John: we’re pretty knowledgeable about the causes—I’d delete that]

· Can we measure social vulnerability?  Physical vulnerability to, for instance, natural disasters is quite well understood but the consequences of such events hinge on social factors as much as physical.  

· To what extent do biophysical and geophysical factors govern the global distribution of prosperity?  People have settled throughout the world, even in the harshest, most hazardous environments, but tend to congregate and do well at low-lying elevations near the coast, and in moist temperate climates.  The tropics appear particularly difficult places to prosper.  

· How does the interaction between natural systems and human societies give rise to lpoverty traps?  What are the specific barriers to be overcome to break out of poverty traps and achieve growth?

· Are there linkages between armed conflict (termed “negative development” by Oxford economist Paul Collier), poverty and environmental stresses, and their consequences beyond the borders of the region at war and the immediate combatants? 

· How do natural disasters such as earthquakes, floods, and droughts set back development gains and reduce development opportunities across countries with differing development status, geography and economic type?  Can disasters generate poverty traps?
· Are there commonalities between disasters in public health, armed conflict, political conflicts, other sorts of macroeconomic shocks and natural disasters that can inform an analysis of their impact on development? 

· In what ways were Thomas Malthus’ grim predictions of scarcity arising from over population correct?  Technological advances have allowed some densely populated regions to prosper and in most regions of the world prosperity is linked to lowering fertility rates.  In Africa fertility rates remain persistently high and dampen development opportunities.  The dynamics of population growth and its interaction with development continues to present numerous basic dilemmas.  
· How do emerging infectious diseases suppress development?  HIV-AIDS and Avian Flu, the reemergence of cholera and TB, and the threat of new infectious diseases, such as the possibility of a new flu pandemic, have risen to the top of concerns about threats to human well-being.  How do such diseases emerge and spread?  How is their spread driven by interconnections among patterns of human interaction, concourse, and settlement, transportation, landscape disturbance and climate change?
� As defined in the Brundtland Report sustainable development means: "development that meets the needs of the present without compromising the ability of future generations to meet their own needs."
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