Sustainability Science 
Sustainability science is a new multi-disciplinary approach to science that recognizes the limitations of traditional scientific inquiry in dealing with the complex reality of social institutions interacting with natural phenomena.   
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When we set out the theme for the 2002 American Association for the Advancement of Science (AAAS) Meeting, "Science in a Connected World," we thought of the ways in which the fates of nations were intertwined as never before and of the role of science in shaping communication. I was mindful of the enormous challenges that faced a world that had grown so rapidly in population, individual consumption levels, and changing technologies. In the months that followed, the shock delivered by the September 11th events brought home with unimagined force the ways in which our collective neglect of these relationships had helped to bring about the dangerous and unstable state of the world in which we find ourselves. The problems we face seem cruelly compounded, but their root causes remain unchanged. 

The challenges that we face are enormous and deeply rooted in relationships neglected for far too long. We must find new ways to provide for a human society that presently has outstripped the limits of global sustainability. New ways of thinking--an integrated multidimensional approach to the problems of global sustainability--have long been needed, and it is now up to us to decide whether the especially difficult challenges that we are facing today will jolt us into finding and accepting them. 

The State of the World
Over 400 generations (10,000 years), our human population has grown from several million people to approximately 6.1 billion. During this time, villages, towns, cities, and nations formed and became the homes of poets, philosophers, lawyers, builders, religious leaders, and tool makers. We continue to depend on a series of ancient, genetically and socially determined habits and attitudes, many of which seem to have been more suitable for our hunter-gatherer ancestors. We must adopt new ways of thinking that will serve our descendants well in a world that is crowded beyond imagining, a world in which we shall always be the major ecological force; unless, of course, we destroy ourselves. 

During the 1790s, the global population amounted to about 800 million people. Despite the Reverend Thomas Malthus' dire prediction that population growth would outstrip food production, we did limit the extent of starvation during the 19th and 20th centuries, in large part because of the steam engine and its successors. We manufactured increasingly toxic pesticides with which we now douse our agricultural lands at the rate of 3 million metric tons per year, worldwide. We are fixing nitrogen with an output that exceeds natural processes. Cultivated lands have grown to comprise an area about the size of South America. Rangelands occupying about a fifth of the world's land surface support 3.3 billion cattle, sheep, and goats. Two-thirds of the world's fisheries are being harvested beyond sustainability. 

Over the past half century, we have lost a fifth of the world's topsoil, a fifth of its agricultural land, and a third of its forests. Grain production has fallen short of consumption for two consecutive years, reducing the surplus to the lowest level in two decades (1). We have changed the composition of the atmosphere profoundly, driving global temperatures upward and depleting stratospheric ozone. Habitats throughout the world have been decimated by intentionally and accidentally introduced plants and animals. 

Most troublesome is the irreversible loss of biodiversity. For the past 65 million years, the rate of species extinction has remained at about one species per million per year. It has now risen by approximately three orders of magnitude, to perhaps 1000 species per million per year (perhaps 0.1% of all species per year), and it continues to rise as habitats throughout the world are destroyed. Species-area relationships, taken worldwide in relation to habitat destruction, lead to projections of the loss of fully two-thirds of all species on Earth by the end of this century (2). And these projections do not include the inevitably negative effects of climate change, widespread pollution, and the destruction caused by alien species worldwide, among other factors. In addition, the ecosystem services on which all life on Earth, including our own, depends are being disrupted locally and regionally in such a way as to deprive future generations of many of the benefits that we enjoy now (3). 

Considering the ways in which plants and animals enrich our lives, it is incredible that we continue to destroy them so carelessly (4). The actions that we carry out over the next few decades will decide the fate of millions of species of plants, animals, fungi, and microorganisms, the greater number of them completely unknown at present and likely to have remained so at the time of their permanent disappearance from our planet. 

Thus, the world has been converted in an instant of time from a wild natural one to one in which humans, one of an estimated 10 million or more species, are consuming, wasting, or diverting an estimated 45% of the total net biological productivity on land and using more than half of the renewable fresh water. The scale of changes in Earth's systems, well documented from the primary literature by Pimm (5) is so different from before that we cannot predict the future, much less chart a course of action, on the basis of what has happened in the past (6). 

Against this background, it is not surprising that false prophets and charlatans have arisen who, neglecting the scientific context that must underlie all wise decisions, pretend to deliver "good news" about the environment. They win fame by telling people what they want to hear. Warmed by the applause that their misstatements generate, such individuals can simply deliver falsehoods or the products of wishful thinking. 

The most recent example is the work of Danish economist Bjørn Lomborg, who reprises many of the earlier misleading, if not outright delusional, conclusions offered earlier by Julian Simon and Gregg Easterbrook (7), among others. Lomborg's book, The Skeptical Environmentalist: Measuring the Real State of the World (8) has, remarkably, been published by the generally respected Cambridge University Press, but evidently without critical review. Although he appropriately questions some of the [image: image2.png]


hyperbolic statements that environmentalists have made over the years, Lomborg largely ignores the peer-reviewed literature and frequently misrepresents the views of many of the scientists who have analyzed these areas. He blithely attacks a series of straw men that he resurrects from the past literature or simply constructs, and then repeatedly exposes his ignorance of facts and critical analyses. 

Lomborg's popular success demonstrates the vulnerability of the deliberative and hypothesis-driven scientific process to misrepresentation and distortion. It is difficult to understand why a respected journal like The Economist would rush to his defense. Although there have been multiple excesses on both sides of this debate, at its root it is a matter of science and factual analysis, and that is the point that seems to have been lost in all the controversy that followed the book's publication. All of the world's environmental scientists cannot reasonably be classified as "dedicated greens" and their views dismissed. 

The consequences of our environmental problems are severe. About a quarter of humanity survives on less than $1 per day. Depending on the criteria used, one-eighth to one-half of the world's people are malnourished. Some 14 million babies and young children under the age of four starve to death each year. In the world's poorest societies, women and children are uneducated and spend their time foraging for firewood or water. Such relationships are inevitable in a world in which 20% of us control 80% of the resources, and 80% of us have to make do with the rest. 
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Among the nations of the world, the role of the United States has become particularly dominant. Although we contain just 4.5% of the world's people, we control 25% of the world's wealth and produce 25 to 30% of its pollution. We are dependent on the stability and productivity of nations all over the world to maintain our level of affluence. It is remarkable, therefore, that the richest nation is the lowest per capita donor of international development assistance of any industrialized country. Only in public health do we support even the rudiments of an adequate global system. 

Since publication of the report of the World Commission on Environment and Development (9), we have become accustomed to thinking of the world as a place in which everyone could eventually become rich. This may be so, but it cannot happen using the technologies we possess now and building to industrialized-world levels of consumption. Many years ago, when asked whether then-nearly independent India would follow the British pattern of development, Gandhi replied "It took Britain half the resources of the planet to achieve this prosperity. How many planets will a country like India require?" More recently, Wackernagel and Rees (10) have estimated that it would take two additional planets to support the world at the living standard of the industrialized countries, three if the population doubled, and 12 if standards of living doubled. 

The Central Role of Science and Technology
It is generally accepted that advances in science and technology power the world's economy and economic progress. In America, leading economists and government policy-makers uniformly agree that the nation's extraordinary capabilities in science, technology, and health are among its strongest assets. U.S. investment in basic scientific, engineering, and medical research produces a rate of return of between 20 to 50% per year. 

What are the specific contributions that science and engineering can make to the development of a sustainable society? Contemporary efforts to build the science of sustainability as an accessible, integrating discipline are well summarized in the National Research Council study Our Common Journey. A Transition Toward Sustainability (11). Noting that many trends and conditions undermine efforts to achieve sustainability, the report concludes that an overall transition could be attained in the next two generations without the development of miraculous technologies or drastic transformations of human societies. The report stressed, however, that significant advances in basic knowledge, in the social capacity and technological ability to use it, and in the political will to turn this knowledge into action will be necessary to achieve this transition. 

Those who find comfort in the soothing words of Lomborg might wish to read what a panel of distinguished environmental scientists (people actually working in the area and knowledgeable about it) concluded from 3 years of study of the pertinent facts and have presented in this report, before they completely relax their focus on the world as it really is. 

Energy is particularly important for global sustainability. The potential savings from energy conservation and from the development and adoption of alternative sources of energy are well understood and massive. As to alternative sources of energy, Lester Brown cogently points out in his new book Eco-Economy (1) that a combination of wind turbines, solar cells, hydrogen generators, and fuel cell engines offers both energy independence and an alternative to the fossil fuels that are driving global warming. Worldwide and over the past decade, the use of wind power grew by 25% a year, solar cells at 20% a year, and geothermal energy at 4% a year. During the same period, oil consumption grew by 1% a year, while coal consumption declined by a similar amount. Natural gas grew by 2% annually. 

Unfortunately for the United States, most of the growth in alternative energy use has taken place abroad. In 2001, the United States consumed an average of 19.6 million barrels of oil per day. Our total oil imports were 11.6 million barrels per day, or 59% of consumption. Of the imported oil, 2.73 million barrels per day (or 23.5% of total imports) came from the Persian Gulf. According to the Cato Institute (12), America spends at least $30 billion to $60 billion per year and deploys thousands of military personnel in securing Persian Gulf oil, for which we pay approximately $21.4 billion (13). Against this background, it seems astonishing that we would consider drilling for oil in the Arctic National Wildlife Refuge, which at peak production would provide barely 5% of our national needs. At the same time, we do not sufficiently encourage inventiveness in developing and marketing sustainable energy sources. 

The challenges of the 21st century, owing principally to the combined impacts of the globalization of markets and technology-driven knowledge as well as the information explosion, demand increased attention to the development of educational systems both for the United States and for the world at large. Scientific understanding is no longer only a desirable good but clearly an imperative for building truly representative democracies. The involvement of scientists in an effective information network leading to an improvement of the educational system and in promoting public understanding of science would help greatly in building strong sustainable societies (14). Such efforts will help informed citizens to make better decisions and will ultimately lead to increasing the financial support for the scientific enterprise. The AAAS has been a leader in increasing public understanding of science and in formal science education, and we continue to stress these fundamentally significant fields in the future. 

Achieving a Sustainable World
In light of all this, one is compelled to wonder whether the current model for international institutions, established in the wake of World War II, is adequate for building a sustainable world. It is telling that the organizers of the Rio Summit failed to persuade the United States, Japan, or any other country to provide the funds necessary to redress the global imbalances. 

Scientist-to-scientist cooperation between those in industrialized nations and their colleagues in developing countries is important for achieving effective global communication and, ultimately, sustainability. Or, as the late Congressman George Brown said to the National Academy of Sciences in 1993: "This work must begin first by viewing developing nations as partners instead of as step-children . . . Of all the many ways in which we can cooperate for the common good, the case for science and technology cooperation with science-poorer nations is perhaps the most compelling. To do so, we must abandon the instinct to judge others by their past accomplishments, or to judge our own accomplishments as the proper path for others." 

The problem of transferring technologies to and building capacities in countries throughout the world in such a way that they can contribute adequately to sustainable development is a difficult one, but one that we must confront fully (15). Ismail Serageldin (16) has presented an argument for the cooperative development of science throughout the world that is both moving and compelling, stressing also the role of the scientific attitude in bringing people together on a rational basis. 

Many of us look forward with trepidation to the World Summit on Sustainable Development in Johannesburg, South Africa, to be held this September, because the continued deterioration of the environment over the past 10 years has been so obvious and the signs of progress so limited. Nonetheless, there have been some outstanding efforts to refocus and renew commitments there (17). There also is growing evidence that corporations are increasingly realizing that understanding and working with the conditions of sustainable development are necessary prerequisites for success in the corporate world of the future (18). John Browne, chief executive officer of BP-Amoco, for example, set his company on a course that will embrace alternative energy sources and energy conservation, reasoning that in the face of global warming, they must do this if they are to continue to be a profitable energy company in the future. 

The kinds of grassroots activities that are promoting sustainability on a local scale have become a powerful force throughout the world. Perhaps they are, fundamentally, only a reemphasis of what has been traditional. Whether establishing local clinics and sustainable industries in the Biligiri Rangan Hills of southern India, building people-based ecotourism centers on native lands in Kenya, rebuilding a broken landscape at the Bookmark Biosphere Reserve in South Australia, learning how to ranch sustainably on the vast grasslands of the Malpai Borderlands of New Mexico and Arizona, or simply rooting out alien plants on Albany Hill in the San Francisco Bay Area, the people who are pursuing sustainability in a direct and personal way will hugely affect the shape of the world in the future. 

Within a few years, a majority of the world's people will, for the first time, be living in cities (19). In order to build a sustainable world for the future, it will be necessary first to develop better models for cities, taking into account the multidimensional contributions of science and engineering, politics and social sciences, and many other fields for designing the improved cities of the future. On the other hand, it will be necessary to pay increasing attention to the rights and needs of rural dwellers throughout the world and to find ways to give them access to the information that they so obviously require. Activities such as those of the M. S. Swaminathan Research Institute in Chennai, India, in bringing health and agricultural information at low cost to the villages around Pondicherry will need to be multiplied many times over for success. 

A Vision for the Future
On 6 January 1941, President Franklin Delano Roosevelt, addressing Congress on behalf of a nation that was moving inexorably toward full participation in World War II, said, ". . . we look forward to a world founded upon four essential human freedoms. The first is freedom of speech and expression--everywhere in the world. The second is freedom of every person to worship God in his own way--everywhere in the world. The third is freedom from want, which, translated into world terms, means economic understandings which will secure to every nation a healthy peacetime life for its inhabitants--everywhere in the world. The fourth is freedom from fear, which, translated into world terms, means a world-wide reduction of armaments to such a point and in such a thorough fashion that no nation will be in a position to commit an act of physical aggression against any neighbor--anywhere in the world. That is no vision of a distant millennium, it is a definite basis for a world attainable in our own time and generation . . . Freedom means the supremacy of human rights everywhere." 

When the end of the war was in sight, farsighted people took the first steps in the construction of the institutions that they thought would help to build the kind of world that Roosevelt had envisioned. They believed that global institutions such as the United Nations, the World Bank, and the International Monetary Fund would serve the world well, as indeed they have. None of our national leaders could have imagined withholding support from these institutions because of a perceived lack of control over their activities. Instead, the nations of the world recognized themselves as a community in which all people should ultimately be able to enjoy the kinds of specific rights embodied in Roosevelt's Four Freedoms. Where have these dreams gone? 

For reasons that are starkly obvious, we are now focusing our attention on terrorism and the problems associated with it. As the months go by, the real challenge facing us, however, will be whether we will come to regard the events of September 11 as specific and short-term or will analyze their underlying causes and learn how to deal with those causes. We must learn to deal justly with people around the world if our own hopes and aspirations are to be realized. Despite the Lomborgs, Economists, and Wall Street Journals of the world, simply appropriating as much as possible of the world's goods and processing them as efficiently as possible can never be a recipe for long-term success. 

The United States is a small part of a very large, poor, and rapidly changing world, and we, along with everyone else, must do a much better job. Sustainability science has a good deal to say about how we can logically approach the challenges that await us, but the social dimensions of our relationships are also of fundamental importance. Globalization appears to have become an irresistible force, but we must make it participatory and humane to alleviate the suffering of the world's poorest people and the effective disenfranchisement of many of its nations. As many have stated in the context of the current world situation, the best defense against terrorism is an educated people. Education, which promises to each individual the opportunity to express their individual talents fully, is fundamental to building a peaceful world. 

In reality, the only way to build a secure world is to change both that world and our way of thinking about it. Obviously, there are many steps that we can and should take now, such as better surveillance, better detective methods, hardened infrastructure, improved methods for protecting data, a better understanding of people living in different situations, and more secure ways of dealing with nuclear materials. But we also must address the need for constant supplies of renewable energy and reduce our dependence on both foreign and domestic sources of oil, coal, and natural gas, putting high priorities on both energy conservation and alternative sources of energy. The technology to accomplish this is available, and the economic and security advantages that would accrue to the nation are enormous. 

Some General Principles
We have the extraordinary privilege in the United States of living in a democracy, a system developed over the more than two centuries of our history and based on individual expression and participation. But effective participation involves access to an appropriate level of education, as well as widespread active involvement in the political process. 

In a democracy, governmental processes must be transparent to all, participatory, and subject to review and improvement. People must have confidence in their government. The mishandling of the epidemic of mad cow disease in the United Kingdom provides a vivid example of what happens to that confidence when inappropriate advice is given by governmental agencies. 

Civil liberties are fundamental, precious, and not to be sacrificed, however briefly, for any but the most urgent reasons. Pressures on civil liberties will increase as the world population swells and demands for enhanced consumption grow. In the face of these pressures, we need to be vigilant to protect what we consider the most important. 

Accepting, even embracing, diversity must become a cornerstone of society. It is against our common interests that hundreds of millions of women and children, living in extreme poverty, are unable make the best use of their abilities. Such discrimination, whether we focus on it or not, is morally abhorrent. 

Clearly, a small minority of Earth's residents cannot continue to consume such a large majority of its productivity. As Ismail Serageldin (16) has put it, ". . . a world divided cannot stand; humanity cannot survive partly rich and mostly poor." Population, overconsumption (20), and the use of appropriate technology must all be brought into the equation to achieve a sustainable world. Nothing less than a new industrial revolution (21) and a new agriculture (22) are required to make that world possible. The task is daunting, but it is one we must undertake. The basic conditions for change must come from within us: We need new ways of thinking about our place in the world and the ways in which we relate to natural systems in order to be able to develop a sustainable word for our children and grandchildren (22). 

Think about our relationship with Afghanistan and Pakistan. Once the Russians left Afghanistan, we left. It was a clear demonstration of our lack of fundamental interest in the people of the region, and we all know the consequences. Although the events that followed have certainly not all been clear examples of cause and effect, there is a relationship. In the context of this global reality, how many collaborate with a scientist working in an Islamic country, and how many are making the effort to nurture science there? We need to work together to overcome the malign effects of the September 11 events, which have put on hold efforts by scientists in Islamic nations to strengthen ties among themselves and with the West, and we should reserve resources to make sure that that effort succeeds (23). We also must see the estimated 6 million Muslim U.S. residents, with their unique contributions to our society, as a bridge to the vast Islamic world that we understand so poorly. 

Think about India and the state of science and technology in that vast country. What do we really know about India, and how are we working to improve our relationships with the world's largest democracy? One-sixth of the world's people live in India, constituting a major economic and environmental force. But what does the average American really know about India? How much does he or she really appreciate what India has to offer, or try to understand its people in a psychological sense; socially; politically; in terms of its art, its writers, its history, its scientists, and all of the other components that make up that great nation? Would it not be in our common interest to engage much more fully, to understand, to work to build communication? Can we, in fact, hope to build a sustainable world without such engagement? 

Then think about Africa. We know that many of its people are dying of AIDS; we know that many of them are starving; we have heard of merciless dictators, of bloody civil wars, of the slaughter of magnificent large animals. Many of us have learned to appreciate 19th-century African art, but do we know what Africans are thinking about now? About their dreams and hopes; their literary, musical, and artistic traditions; their efforts to achieve democracy throughout the continent? Are we working with African scientists to help them develop advanced scientific and technical skills that they could use to improve their lot, the sustainability of their lands, and their contribution to global sustainability? 

Many of the world's life-support systems are deteriorating rapidly and visibly, and it is clear that in the future our planet will be less diverse, less resilient, and less interesting than it is now. In the face of these trends, the most important truth is that the actual dimensions of that world will depend on what we do with our many institutions and with the spiritual dimensions of our own dedication. In the words of Gandhi, "The world provides enough to satisfy everyman's need, but not enough for everyman's greed." 

At the AAAS, we must be dedicated to expanding our global leadership role on behalf of science and society. In our connected world, both the associations between the disciplines that are symbolized by our fellowship and the global connections are of extraordinary significance. 

If the United States can become more international, if we can all learn to deal with the conditions of the world as they really are, much more closely than we have done before, we can begin to think about the contours of the sort of world that we want to build for the future. To the extent that we do that, the operations of our individual institutions will be successful, and we will be making a worthy contribution to the kind of a world where our grandchildren would like to live. Being optimistic about the future by wearing rose-colored glasses and engaging in wishful thinking in a moral vacuum constitutes a crime against our posterity; being optimistic because of a determination on the part of each to contribute what he or she can to make the world a better place is, in the words of Kai Lee (24), engaging in a "search for a life good enough to warrant our comforts." As scientists, we should understand this, and we must contribute what we can to improve the world and to learn to respect one another. I am confident that we will do this and determined that the AAAS will help in important ways in achieving this all-important goal. 

References and Notes 

1. L. R. Brown, Eco-Economy (Norton, New York, 2001). 

2. S. L. Pimm et al., Science 269, 347 (1995); S. L. Pimm, T. M. Brooks, in BioDiversity, P. H. Raven, T. Williams, Eds. (National Academy Press, Washington, DC, 1999); S. L. Pimm, P. H. Raven, Nature 403, 843 (2000). 

3. G. C. Daily, Ed., et al., Nature's Services: Societal Dependence on Natural Ecosystems (Island Press, Washington, DC, 1997); Y. Baskin, The Work of Nature: How the Diversity of Life Sustains Us (Island Press, Washington, DC, 1997). 

4. E. O. Wilson, The Future of Life (Knopf, New York, 2002). 

5. S. L. Pimm, The World According to Pimm (McGraw-Hill, New York, 2001). 

6. P. M. Vitousek et al., BioScience 277, 454 (1997); S. Rojstaczer, S. M. Sterling, N. J. Moore, Science 294, 2549 (2001); C. B. Field, Science 294, 2490 (2001). 

7. G. Easterbrook, A Moment on the Earth: The Coming Age of Environmental Optimism (Penguin, New York, 1995). 

8. B. Lomborg, The Skeptical Environmentalist: Measuring the Real State of the World (Cambridge Univ. Press, 2001). 

9. World Commission on Environment and Development, Our Common Future (Oxford Univ. Press, Oxford, 1987). 

10. M. Wackernagel, W. Rees, Our Ecological Footprint: Reducing Human Impact on the Earth (New Society Publishers, Gabriola Island, BC, Canada, 1995). 

11. Board on Sustainable Development, National Research Council, Our Common Journey: A Transition Toward Sustainability (National Academy Press, Washington, DC, 1999). 

12. D. Losman, Economic Security: A National Security Folly? (Cato Institute Policy Analysis No. 409, Washington, DC, 1 August 2001). 

13. Monthly Energy Review (U.S. Energy Information Administration, Washington, DC, February 2002). 

14. J. Lubchenco, Science 279, 491 (1998). 

15. United Nations Development Programme, Human Development Report 2001, Making New Technologies Work for Human Development (Oxford Univ. Press, New York, 2001); H.-J. Schellnhuber, V. Wenzel, Eds., Earth System Analysis: Integrating Science for Sustainability (Springer-Verlag, Berlin, 1998). 

16. I. Serageldin, Science 296, 54 (2002). 

17. For example, see F. Dodds, Ed., Earth Summit 2002: A New Deal (Earthscan, London, 2000); L. Starke, Ed., State of the World 2002 (Norton, New York, 2002). 

18. P. Hawken, The Ecology of Commerce (HarperCollins, New York, 1993). 

19. J. Lash, Science 294, 1789 (2001). 

20. For example, see J. B. Schor, The Overspent American: Why We Want What We Don't Need (HarperCollins, New York, 1998). 

21. P. Hawken, A. Lovins, H. Lovins, Natural Capitalism: Creating the Next Industrial Revolution (Little, Brown, New York, 1999); G. C. Daily, K. Ellison, The New Economy of Nature (Island Press, Washington, DC, 2002). 

22. G. Conway, The Doubly Green Revolution: Food for All in the 21st Century (Penguin, London, 1997). 

23. R. Stone, R. Koenig, Science 294, 766 (2001). 

24. K. N. Lee, Compass and Gyroscope: Integrating Science and Politics for the Environment (Island Press, Washington, DC, 1993). 

25. M. S. Strauss, J. P. Holdren, and S. L. Pimm made constructive comments on the contents of this paper and are gratefully acknowledge d. 



The author is the director of the Missouri Botanical Garden, St. Louis, MO 63166, USA. E-mail: praven@nas.edu [image: image1.png]


. This essay is adapted from his Presidential Address to the AAAS annual meeting in February 2002. 

Science, Sustainability and Social Purpose:

Barriers to Effective Articulation, Dialogue and Utilization of Formal and Informal Science in Public Policy

Anil K Gupta


The communication among scientists, policy makers, public policy analysts and the common people in society is often fraught with ambiguity, anxiety and some times clear confusion.  Not to mention the times when it is very clear. For instance most people who follow non-sustainable life styles genuinely believe (and some scientists whom they prefer to hear, endorse that), that science will find remedies for treating all the waste they create, and generate new sources of energy after non-renewable sources are exhausted. The clarity of communication among various stakeholders is not just a function of message though that is quite important.  Several barriers to effective communication among various stakeholders influencing discourse on science and society are: 

· Linking `little science' and public policy:
A first gap is in the scientific field itself i.e. the formal scientists do not recognize, respect, and reciprocate the informal scientific knowledge, creativity and innovation at grassroots level in society (Honey Bee Network, 1989-99, Gupta, 80, 87,89-98). The science underlying the successful overcoming of some of the day-to-day struggles of economically poor but knowledge-rich people does not get articulated or acknowledged. Once the alienation from the creative impulses of the society takes place, the scientific agenda does not influence the public policy agenda as much as it could. It is important to underline here that the gap between scientists and policy makers is very low in some cases such as defense, nuclear power, or the big science be it for dams, hydro-projects or chemical intensive agriculture. May be the corporate and industrial lubricants and international aid smoothen the flow of such information, influence and the institutions.  Once these links get strengthened, the other links between what I may call `little science' and public policy get weakened.

· Tension between standardised knowledge and diversified need: The second gap between civil society and policy makers is in the field of technology and scientific knowledge, and policy support for improving livelihood strategies of disadvantaged people. For a large number of people living in the high-risk environments such as drought or flood prone regions, forest fringe areas, mountain areas etc., there is not much scientific knowledge available that can improve their livelihoods. The question of communication to policy makers does not arise. And where such knowledge does exist, the barriers are very strong because of compulsions of bureaucratic need to generate standardized solutions in the context of the underlying ecological heterogeneity in the region. Organizational incentives for generating technologies with limited potential for diffusion are very low (Gupta, 1992, 1986). 

· Barriers to blending excellence in formal and informal sector: Thirdly, the policy makers also evolve filters and structural barriers that prevent them from recognizing the potential that exists for blending formal and informal science. Thus while providing funds or other support, they do not insist that (a) such bridges be built and accordingly, (b) faster progress in sustainable development of people's potential and resource capabilities takes place. So much so that a large number of policy documents use the term `resource poor people', as if the knowledge is not a resource or, that the people are poor in this resource as well. The example of Honey Bee network demonstrates the potential of such blending. This network exists in more than 75 countries of the world. It draws upon the technological and institutional innovations for sustainable natural resource management developed by people unaided by NGOs, market or state and, proves how much creative potential exists at grassroots level. How many research and development programs have been discontinued, modified or started in response to more than nine thousand innovations documented already?  How many extension messages i.e. technology transfer information capsules have incorporated the lessons of successful people's innovations improved through application of formal science or otherwise? The answer is quite disappointing. Policy makers seem to deny the power of the `little science' and thus reinforce the continued dominance of non-sustainable development processes

· Communicating Simply: The fourth barrier is about the language used by civil society, policy makers and the scientists. The policy makers want scientific information in a way that they can make a difference to the popular mood of both their constituents and their clients. The scientists often are unsure, use jargon that most people outside their peer group do not understand, and have difficulty in reducing the complex information to its bare minimum simple core. 

· Vernacularising the discourse: The fifth barrier is about the language of discourse. Very little if any discourse takes place in vernacular
 language. Scientists do not share their findings of scientific research about local resource management or otherwise in the language that people understand. They connect globally but get disconnected locally. The civil society thus cannot participate in the scrutiny of science as well as public policy because policy discourse also does not take place in local languages many times. 

· Impermeable institutions of discourse: The sixth barrier is about the impervious nature of scientific and policy discourse. Apart from the language, the participation of civil society is impaired in larger discourse on science and development due to (a) structural bureaucratic closeness or secretiveness, (b) inaccessible platforms of dialogue, (c) lack of institutional requirements for validating scientific agendas in consultation with other weaker stakeholders, particularly women.  Honey Bee network has challenged the unaccountable nature of this discourse by insisting that we should share every thing we learn from people back with them in their language before sharing it with outsiders, and acknowledge them just as we cite our peers in science. It is a matter of great distress that several scientific disciplines (such as ethno-biology) are no less exploitative than other institutions of society. The people are never cited, and told about how the knowledge obtained from them in good faith has been interpreted or used. The question of sharing the value-added gains, consultancy etc., does not arise. The Honey Bee philosophy implies two things: First, just as honey bee takes pollen from flowers and they do not complain, we should ensure that people do not complain when their knowledge is taken by outsiders. They should be made partners in the process and get a fair share out of any economic or other gains made in the process of developing drugs or other products based on their knowledge. Second, the Honey Bee connects flower to flower and thus we should connect creative people from one part with people in another part through lateral Knowledge Networks and local language communication.

· Dealing with risk and uncertainty: control versus accountability: The   seventh barrier is about the way the risk and uncertainty are dealt with in science and public policy. Policy makers seem to use scientific knowledge even if partially to extend their control over areas in which they are not sure otherwise. When they want to reduce their zone of responsibility they complain about uncertainty. A risky problem is converted into uncertain problem when responsibility has to be avoided or disowned and vice versa (Gupta, 1989, 1997). Policy makers are in hurry and often want the answers by yesterday rather than waiting for tomorrow. Scientists always need more time to answer questions. Fussler and James (1996) note three tendencies on the part of the scientists in this regard: Scientists perceive risk differently, (a) a highly familiar risk (speeding or smoking) is discounted or ignored; (b) a new risk          (AIDS) attracts more attention than chronic risks (tuberculosis, cholera, fire arms) and (c) a familiar problem with a new uncertain cause (endocrine effects or breast cancer) gets more attention than the known causes.  We need to find ways of overcoming these tendencies.

· Why are science budgets most dispensable and reducible?  The eighth barrier is about the policy support and institutional capacity in scientific institutions in developing countries.  Given the resource constraints, and increasing pressure to reduce budget deficit, science budgets (particularly basic science), low as they are,  get cut often first. Department of Indian System of Medicine gets four per cent budget out of the total budget of Health sector and more than ninety per cent of livestock population and eighty per cent human population depends mainly upon alternative medicine. There is a need for international commitment to remedy this situation in time bound manner but while doing this, the bridges between little science and the big science must be built up properly.

· Listening to weak interest groups: Developing ethical codes: The ninth barrier is about the political weakness of interest groups favoring responsible science. Scientific associations were supposed to perform this task but in most developing countries, these associations may have furthered career goals of a particular stream of professionals but did not intensify the dialogue on responsibility and accountability of science. The influence of international collaboration in science in some cases has been very positive but in many cases has insulated local communities of scientists from their social base. The Project Camelot led to the development of code of ethical conduct among several social science societies in USA. Similar efforts are yet to take place in many developing societies.

· Educating Science: The tenth barrier is about the way the science education and communication is pursued in many developing countries. The textbooks make hardly any reference to people's ability to solve local problems creatively and in innovative manner. How the frontiers of science can be extended by blending local knowledge with formal science is ignored. The media gives scanty attention to increasing popular understanding of science underlying day-to-day life. Information technology has not yet been used to democratize the access of lay people to scientific knowledge in their language and idiom. Ecological indicators which people can use themselves to monitor the status of ecosystems health are not noted or diffused or coordinated. The impact of science on sustainable development through informed and open policy debate can take place through larger participation of NGOs, civil society, creative communities and individual innovators. Only then can change in life styles take place without which sustainable development in north and south will remain a pipe dream. Science should not be used to nurture a vain hope that a highly consumptive and energy inefficient northern life styles can co-exist for long time with equally inefficient life styles of the elite in the south. The ethical basis of sustainability also requires responsibility towards future generation to be reflected in current consumption values. We need more science and not less to make transition towards better communication among and response from various stakeholders. Utilization of science in public policy requires new global partnership among formal and informal experts from around the world in an open, accountable and accessible manner so that larger civil society can ensure that its agenda and concerns are reflected in these partnerships. Otherwise, stronger global links may increase the barriers in the way of local disadvantaged but creative and innovative people. They may not be able to influence the articulation, design and resolution of conflicts in sustainable use of biodiversity, natural resources and other knowledge resources.

Sustainability is after all a concern for long term survival with self respect, dignity and mutual respect. Large number of farmers, pastoralists and artisans have used natural resources like land and water in sustainable manner in many parts of the world for a long time. Why cannot we learn from some of these traditional as well as contemporary sources of knowledge systems? 

How can we provide venture promotion funds, technological links and access to scientific information so that green innovations developed by people at grassroots level and also in scientific labs around the world can be scaled up and replace the non sustainable outcomes of derooted science that we have seen so far?

The answer to this question will determine, whether we can ensure that our future generation blesses us or curses us.
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� 	I am conscious of the legacy of the term `vernacular' which during colonial period connoted some thing as inferior, the language of native people. However, I use it merely as a pointer to local languages.





