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^ Fifty years ago, Franklin Delano Roosevelt set out as powerftjl and as succinct an 
argument for public support of research as 1 have ever seen when he commissioned the work of 
Vannevar Bush whose ensuing report, Science-The Endless Frontier, gave birth to the golden 
age of public investment in science and most of our present scientific institutions. In President 
Roosevelt's words: 

"New frontiers ofthe mind are before us, and if they are pioneered with the same vision, 
boldness, and drive with which we have waged this war we can create a fuller and more fruitful 
life." 

Roosevelt spoke at a time of brimming confidence about the future and about our 
Nation's manifest destiny. We had in those days a strong sense of common purpose, a belief in 
community, a confidence in our capacity for joint enterprise, and a faith in the possibility and 
benefit of science. 

Today we are still a nation of explorers, and, as Vannevar Bush pointed out, "Science 
offers a largely unexplored hinterland for the pioneer that has tools for his task." 

I think President Clinton said it well in a recent State of the Union message, "we live in 
an age of possibility. A hundred years ago, we moved from farm to factory. Now we move to an 
age of technology, information, and global competition. These changes have opened vast neu 
opportunities for our people, but they have also presented them with stiff challenges." 



While some see this as a time of crisis with mostly negative cormotations, I take the more 
optimistic view that this is an exciting time for productive change and progress in many 
dimensions. 

This dichotomy of perspective is not new. I think this was best articulated by Gramsci 
when he wrote in his prison notebooks: "The crisis consists precisely in the fact that the old is 
dying and the new cannot be bom. And into this interregnum a great variety of morbid 
symptoms appear." 

Gramsci's observation is a fair characterization of how we find ourselves as we move to 
the millenetmium, away from the Cold War, into an era of unprecedented competitiveness, 
economic integration, global environmental stress, and rapid technical and social change. 

I reject the notion that science and technology are in a crisis, at least a crisis of impending 
disaster. A true crisis in science would correspond, for example, to an approach to the limits of 
knowledge itself, or to a massive retreat of support for research. And despite our extraordinary 
continuing adventure of discovery, I think we need not worry. John Horgan and The End of 
Science notwithstanding, we are still quite secure in our ignorance. Science still remains a most 
exciting territory to explore. Charles Vest, President of MIT, recently described some of the 
mysteries on the horizon. His list is too long to repeat here, but a few examples give a sense of 
It: 

~ We do not know how the human mind thinks or remembers, or the relationship 
between language and thought. 

— We do not know, even in principle, what aspects of the climate are predictable. 

— We do not know how old the universe is, what it is made of, or what its fate will 
be. 

~ We do not know the potential of the explosion in the networked electronic 
communications or its effects on society. 

And the list goes on. 

The elements ofthe rapid societal and institutional change the President highlights and 
Vest hints at are easily recognizable as we approach the twenty-first century. The end of the 
Cold War, the emergence of highly competitive economies in Europe and Asia, and the pervasi\ e 
consequences ofthe information revolution have stimulated a significant ongoing reexamination 
ofthe scope and scale of government needed to address them. Our scientific investment 
portfolio must also adapt to this post-Cold War world if we are to march confidently into the 
future. 



I share NSF Director Neal Lane's view that we will enter a "golden era of science in 
which the Federal govemment will be much more a partner with industry, academia, state 
govemments, and other parts of society. And increasingly, the doers and users of science will be 
connected by yet to be established networks through collaborations as individuals, groups, and 
centers. And those doers and users will perhaps at times even switch roles." 

This new engagement of scientists in the mainstream of society will not damage their 
creativity, dull their insight, or destroy their focus. On the contrary, I suspect it will have an 
energizing, invigorating effect. Science will be in the thick of the turmoil, in the forefront of 
seeing how societal problems evolve and escalate, and in the center of managing the dynzimics of 
disparate forces. Granted, this vision is not a current reality, but it is a promising work-in-
progress. We in Govemment cannot do it without you. We must work shoulder-to-shoulder. To 
paraphrase a familiar expression: "Now is the time for all good scientists to come to the aid of 
their country." 

The Manhattan Project demonstrated in graphic terms the application of science and 
technology to critical national problems. With a shift in our national priorities, together we must 
seize the opportunity to reorient our national research agenda and use our considerable talents 
and resources to help the nation tackle other large, technologically complex problems such as 
energy, environment, education, economic competiveness, health care and human welfare, and 
spaĉ  ~ all of which are becoming increasing important to enhance our quality of life and our 
national security as viewed from today's perspective. 

President Clinton, in his most recent State of the Union speech, emphasized the broader 
role for science in driving the nation's economic and national security, saying: 

"To prepare America for the 21st century we must hamess the powerful forces of science 
and technology to benefit all Americans." He continued, "we've only begun to spread the 
benefits of a technology revolution that should become the modem birthright of every citizen. 
The newpromise ofthe global economy, the Information Age, unimagined new work, life-
enhancing technology ~ all of these are ours to seize. We must continue to explore the heavens. 
We must speed the remarkable advances in medical science. We must build the second 
generation ofthe Intemet so that our leading universities and national laboratories can 
communicate in speeds 1,000 times faster than today, to develop new medical treatments, new 
sources of energy, new ways of working together." 

Maintaining Our S&T Leadership 

The knowledge-based society ofthe next century only increases the centrality of research, 
innovation, and human capital as our principal strengths, placing important continuing 
responsibilities on the Administration and Congress: 

• America's world-leading science and technology enterprise must be sustained and 



nurtured. 

• We must strengthen our science, mathematics, and engineering education and ensure their 
broad availability. 

• The fiscal and regulatory environment for research and irmovation must be sound and 
responsive to rapidly changing societal and business conditions. 

• We must retain a long-term commitment to research, education, and innovation even in 
this period of budgetary constraint. 

• The Federal govemment has an important role in each of these areas, but must be viewed 
only as one partner in the nation's effort. 

These imperatives drive the Administration's strong commitment to an integrated 
investment agenda in scientific research, technological innovation, business environment, and 
education. Many elements of that agenda represent continuing commitments that have long 
enjoyed bipartisan support. However, the investment portfolio must also evolve in response to 
the knowledge-based, information- and technology-driven, globally competitive borderless 
economy. With knowledge as the key resource, there is a tremendous premium on human capital 
development and on new ways of doing business. With global linkages growing stronger, the 
rapid movement of people, goods, and information has permanently altered commerce, national 
security, demographics, and health. 

Not surprisingly, the science and technology investments driven by these challenges to 
established societal stmctures are in many ways those that still lack bipartisan consensus. 
Achieving that consensus is an important element of this Administration's plan to take us to the 
threshold of a new century and enable a bright future in the decades beyond. 

The Administration is unequivocally committed to maintaining leadership across the 
frontiers of scientific knowledge. The nation's prior investment has yielded a scientific and 
engineering enterprise without peer, whether measured in terms of discoveries, citations, awards 
and prizes, advanced education, or contributions to technological innovation. This scientific 
strength is a treasure that we must continue to build on. Thus, even as the Federal budget deficit 
is eliminated, the Administration has protected the level of investment in key Federal basic 
science programs, not only those in the National Science Foundation and the National Institutes 
ofHealth, but also those in numerous mission agencies, such as the Department of Energy, and 
the National Aeronautics and Space Administration. 

Several factors have changed significantly over the past decade. Defense technologies 
depend increasingly on the commercial sector, both to make cutting-edge technologies available 
and to reduce the cost of defense procurements. In the commercial sector, the infomiation 
revolution and globalization have irreversibly affected the nature of industrial research and 



development. Drzimatically shortened product cycles, competition for customers and from 
companies everywhere, and the pressure for product quality improvements have, among several 
factors, focused commercial research and development on shorter-term business goals and away 
from exploratory research. 

The appropriate Federal response to these changes must recognize that it is cmcial to 
maintain our position at the forefront of technological innovation. The Administration response 
is multi-pronged: sustaining our research leadership position; strengthening a business 
environment that supports private sector research and development; investing in technological 
infrastmcture; and advancing critical technologies, often in partnership with industry. 

The Administration has advanced numerous initiatives to improve the business climate 
for technology development. Examples include telecommunications reform, open trade policies, 
intellectual property rights protection, regulatory reform at the FDA, procurement reform at the 
DOD, support for the research and experimentation tax credit, and cost-shared, industry-led 
research and development partnerships. However, the overarching priority, as expressed 
consistently by business, is deficit reduction. The annual deficit has been reduced from nearly 
$300 billion almost to $100 billion while preserving the research and education investments that 
underlie future technological innovation. The deficit reduction accomplishments play a 
significant role in sustaining today's healthy economy. 

Above all, our S&T leadership strategy must be a national — not just a Federal — 
strategy. The benefits of research are not fashioned in Washington, they are forged in 
factories, laboratories, and universities and colleges across America. We need a national 
program to address these national goals. To do so: 

From planning to execution to evaluation, we must bring to the table all the players in 
science and technology — the business community, research universities and institutions, 
educators, and state and federal govemments. 

We must foster international cooperation in science and technology, even as we 
compete with our global partners in an increasingly competitive world market. Such 
collaboration is critical, not only to share the burden of expensive programs, but to benefit 
from the expertise and know-how of others. 

Strengthening partnerships among stakeholders in universities, industry, and the states 
is vital to such a national strategy. We have taken the initiative in a number of areas, all of 
which will be key to forging the effective partnerships we need. Let me give you a few 
examples: 

Over the past year, the President has listened carefully to leaders in government, 
universities, and industry, as well as the nation's govemors, who have warned that the nation's 
universities are under stress. The President asked me to review the government-university 



partnership. Our principal goals are to identify areas of stress in research, education, and 
administrative regulations, and determine what the Federal govemment can do to address these 
problem areas. We expect to complete this study by the end of this summer. 

As many of you already know, the White House and the nation's governors recently 
agreed to work together in an Innovation Partnership to promote economic growth by 
stimulating the development and use of improved technologies in areas such as advanced 
manufacturing, education, health care and electronic commerce. We will also extend the 
capacity of the Manufacturing Extension Partnership to help modemize the nation's 380,000 
small- and medium-sized manufacturers. We will continue the work we have begun to 
streamline the regulatory environment for research and technology. 

Finally, we need to continue our efforts to get our Federal agencies to work more 
closely together and with the private sector. We have had some notable successes, including 
the Partnership for a New Generation of Vehicles. PNGV is a cooperative effort among 
numerous government agencies and the U.S. automobile industry to produce a production 
prototype vehicle capable of 80 miles per gallon by 2004. We also have some other exciting 
initiatives, including the Global Climate Change Research Program, the High Performance 
Computing Initiative, convergence of civil and military weather satellites, and a major effort 
on Emerging and Re-emerging Infectious Diseases. 

I cannot stress enough that bipartisan support will be critical for shaping a sustainable 
agenda. The American people want us to be partners, not partisans, and the vast majority- in 
Congress support a strong Federal research program. The scientific and engineering 
communities also have the opportunity and the responsibility to help forge consensus about the 
future's requirements for America's research and education investments. History suggests that 
the cost of not making these key investments in technical and human resources will be far greater 
than that of moving ahead. 

The Importance of Our Research Universities and Colleges 

The American higher education system is unparalleled in producing world-class scientists 
and engineers. The tight weave of research and education that exists in our research uni\'ersities. 
fostered through bipartisan commitment, serves the nation exceptionally well. It is our 
stewardship responsibility to maintain strong, competitively awarded, frontier research programs 
at colleges and universities so as to provide a steady stream of creative scientists and engineers as 
well as new knowledge. They will do much to shape our society and advance our national 
interests in the twenty-first century. We will also work to renew the university-government 
partnership that has been one of our best investments for promoting the public good. 

America's colleges and universities have, for decades, produced the world's finest 
engineers and scientists and have been a principal source of new knowledge and scientific 
discovery. Today, we still look to our academic institutions for help in addressing our nation's 



major challenges — fighting disease, improving the environment, protecting our national security, 
and sustaining our economic growth. But if we are to ensure the future vitality of these 
institutions, we must work together ~ federal and state govemments, the university community, 
and private industry — to make the far-sighted investments in education and research that will 
enable us to master this moment of change and build a stronger America for the future. 

One ofthe overarching themes of the Clinton Administration's support for science and 
technology is maintaining leadership across the frontiers of science. The Administration views 
S&T leiadership as cmcial to improving health care, agriculture, environmental management, 
national security, and economic prosperity. And key to maintaining this leadership is support for 
our nation's research colleges and universities. 

America's colleges and universities are unmatched in their capacity to provide advanced 
education in science and engineering and to enrich it through cutting edge research. The tight 
link between research and education has been fostered by the federal govemment for over half a 
century and supported through a robust bipartisan commitment. The results of this support have 
been absolutely remarkable. The expression of scientific research in technological innovation 
has accounted for a major part of our economic growth, has underpinned our national security, 
and has promoted our ability to understand, prevent and treat disease, and alleviate 
environmental problems, 

t 

The promise of science and technology is far from exhausted, but will be realized only 
through continued strengthening of our world-class scientific enterprise. The bedrock of that 
enterprise is our system of research colleges and universities. Therefore, it is important that the 
partnership that exists among our academic research institutions, the private sector, the federal 
and state govemments be nurtured and periodically examined, especially at a time when stresses 
can inhibit bold thinking and limit our reach or effectiveness. 

A Time of Significant Stress 

Despite the historic accomplishments of our university system, we are in a time of great 
and complex stress — stress caused by significant changes in our research and education 
environment and in our nation, with the end of the Cold War, with the bipartisan recognition of 
the imperative to cut deficit spending and the necessity to balance the budget, with new demands 
for accountability in how federal hands are spent. And with the ever-increasing diversity of our 
student population, old assumptions and boundary conditions are no longer effective. Ironicalh. 
these changes, many of which are viewed as limiting our research and education potential, are 
occurring at a time when we see the brightest future for scientific advances and how those 
advances can serve the pursuit of national goals. This seeming disconnect between exciting 
opportunity and sobering constraints must be understood - and addressed. 

Regulations 



It is often said that what were once virtues are now necessities. The Administration 
through the Vice President's work with the National Performance Review has committed to 
making govemment work better, cost less, and impose less of a burden on our citizens and 
institutions. The common sense approach that we are taking to govemment means that: 

• govemment focuses on results, instead of burying us in mles and 
pimishing those who don't comply; 

• govenmient recognizes that its customers come first; and 
• the people get their money's worth - that govemment works constantly to be better, 

faster, and cheaper while delivering quality services. 

Despite a litany of progress, we need to do more. Inefficient and overly bureaucratic 
regulations continue to erode the buying power of scarce federal resources. I believe that the 
regulatory arena, however complex, is ripe for reform. Unfortunately, the legal and bureaucratic 
stmctures that are in place to enforce many of these regulations have multiple constituencies and 
purposes. For example, should EPA regulate the relatively small amounts of hazardous wastes 
generated by a university labs the same way it regulates waste generated by industry? Balancing 
the statutory requirements, regulatory requirements, and other directives and orders requires 
c£ireftil attention so that the federal side of the partnership doesn't smother the university side. 
We must use common sense to identify and change those regulatory constraints that are 
redundant, not science-based, or erode Federal-university partnership. 

For academic institutions conducting govemment-sponsored research, no issue raises 
more hackles than "OMB Circular A-21." This circular articulates the financial terms of the 
long-standing partnership between universities and the Federal govemment for the support of 
research. Just as the overall partnership must be dynamic to maintain its vitality in the face of 
changing circumstances, the guidelines in A-21 must also change periodically to reflect evolving 
responsibilities, scientific practice, technology, the laws of Congress, and changes in the 
financial environment, human resources, and the physical research infrastmcture. 

Over the past five years, we have made some significant changes to Circular A-21. 
However, I know that from the universities' perspective not all of those changes have been for 
the better. We are trying to balance competing interests: the need to maximize the impact of our 
federal research dollars with the need to ensure appropriate levels of fiscal accountability. 

Because Federal regulations can have a profound effect on the efficiency and 
effectiveness of academic institutions and researchers, we have been working for several years 
with Federal agencies, academic organizations, and the Federal Demonstration Partnership to 
identify fiirther regulatory reforms that can case the burden. This process of progressive 
regulatory reform will only work if you - our university partners - continue to implement cost 
contairunent measures and monitor how your institutions fulfill the redefined requirements. 
Consider, too, that regulation is an arena where the more extensive but.relevant experience of 
industry in producing efficiencies of outcome and other economies could shape projects by 



colleges and universities. 

PRD 

A major activity just getting underway, which I alluded to earlier, is a comprehensive 
Federal assessment of the mles and procedures that promote or constrain the Federal 
government-university partnership. Under the authority ofthe NSTC, I issued a Presidential 
Review Directive, or PRD, to form a multi-agency task force under the direction ofthe 
Committee on Fundamental Science, to focus on the major stresses in the areas of research, 
education, and administrative regulations, and to determine what the Federal role should be in 
addressing those stresses. 

Much ofthe Federal research and education investment portfolio enjoyed bipartisan 
support during the President's first term. However, investments in some critical areas — such as 
studying the influence of human activity on global environmental systems, or innovative 
govemment-university-industry technology partnerships were sincerely challenged, partly for 
ideological reasons, sometimes because of lack of knowledge, and sometimes out of honest 
disagreement about the value to society of the programs. V/hatever the causes, the innovation 
system, which accounts for so much of our national progress over the past half century, is in 
stress. 

A major part ofthe strain results from the uncertainties of Federal research fiinding as we 
drive down the Federal budget deficit. However, on the other side of the ledger, the bipartisan 
commitment to deficit reduction is important for sustaining a business environment that 
encourages substantial investment in commercial R&D. Another part stems from the attempt to 
reshape and expand the research and education portfolio to meet some of the major new societal 
realities. Such changes do not come easily. As Francis Comford, the late Cambridge Universit> 
philosopher, sardonically observed near the tum of the last century, "Every public action which 
is not customary either is wrong or, if it is right, is a dangerous precedent. It follows that nothing 
should ever be done for the first time." 

We, however, intend to escape this wry logic in framing today's science and technology 
and education agenda to meet tomorrow's demands. With the start of a new Administration and 
a new Congress, we look forward to working together in support of our entire research portfolio. 

Budget Climate 

In addition to increasing allocations for research, the Administration has begun a process 
of management refonns to improve effectiveness ofthe investment. Examples include 

Revising and streamlining regulations and agency directives. 
Eliminating regulations that are outdated or add no value. 
Automating research support functions (such as electronic 



submission of research proposals). 
• Developing performance-based organizations. 

Lean but accountable research administration, both in the Federal agencies and in the 
performing institutions — universities, medical schools, national laboratories, and industrial 
research centers — v^ll sustam our competitive position even as expenditures are constrained. 

Clearly, one ofthe major challenges associated with balancing the Federal budget by the 
year 2002 is achieving that goal while maintaining our nation's leadership in science and 
technology. The constraints on Federal research fimding are driven by the need to eliminate the 
budget deficit, which grew enormously during the 1980s and stifles investment today. This 
situation clearly affects the level of research support for universities, about 60% of which comes 
from the Federal govemment. In the face of austerity in discrefionary funding: 

• For five years, we have protected research and higher education against cuts (the dilemma 
ofthe "discretionary" program budget). 

In preparing its FY 1998 budget, the Administration formulated a budget projection 
through FY2002 that protects funding levels for health research at NIH, fundamental 
research at NSF, and DOE's and NASA's science programs, along with the 

^ Administration's multi-agency S&T initiatives. 

• Both basic and applied research budgets increase steadily during this period by about 5% 
over FY1998. 

The overall reduction in R&D funding by FY2002 stems from a planned 7% decrease in 
development activities, especially those related to defense activities. 

These projecfions are consistent with the President's commitment to balance the budget 
by FY2002 and satisfy discretionary fiinding caps. The bottom line, thanks to the President's 
priorities and our favorable economic status, is that the FY 1998 budget request for science and 
technology is substantially higher than we projected it would be a year ago. 

In the FY98 budget request, we continue to promote the growth of programs that benefit 
basic research and therefore universifies. Overall, programs that support university scientists did 
quite well: 

• NSF and NIH would each be increased by 3%; 
Basic research fimded by DOE is proposed for a 4.6% increase above FY97 funding 
levels (remember that previous out year projections had DOE programs sharply 
decreasing); 
The peer-review competitive grant programs at both the USDA (the NRI program) and 
EPA (the STAR program) are up 38% and 21%), respectively; 
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• DOD basic research in the 6.1 account is up by almost 8%; and 
Science research at NASA is up 3%i, including a projected 7% increase in academic 
R&D. 

Let me provide you with just a quick sketch of the President's S&T budget in the year 
ahead. The bottom line is that the President's FY1998 budget increases total Federal R&D 
fimding by more than $1.6 billion over 1997, to roughly $75 billion. This marks the fifth year in 
a row that President Clmton has called for increases in science, technology and education. 
Funding for basic research and for university-based research is higher. Support for 
environmental research, as well as health, food and safety research also rises. Investments in 
computing and communications grow by 10 percent. There is significantly enlarged support for 
programs to bring modem information technology to American's classrooms to raise students' 
achievements to rigorous and challenging standards. Investment increases are also included for 
technologies essential for ensuring continued U.S. economic leadership and job creation. 

Forecasting is always a dangerous game, perhaps especially so in areas driven by 
research, an activity that is all about the unknown. But as a noted economist, Paul MacAvoy, 
once observed, "If you don't forecast well, forecast often." Nonetheless, despite the yearly 
mmors ofthe imminent demise of our nation's R&D enterprise, the fact is that between the years 
1998 and 2002, the President's plan will preserve civilian research fiinding while completing the 
job ofibalancing the budget. Our first guiding principle in formulating next year's budget is to 
protect or enhance funding levels for health research at NIH, fiindamental research at NSF, and 
DOE's science, energy efficiency, and renewable energy programs, and NASA's science 
programs, along with the Administration's S&T initiatives. And above this base, I fxilly expect 
some increases — including those required to launch unanticipated but exciting new initiatives 
— to be presented each year, at the time that year's budget request is prepared and submined to 
Congress. Our second guiding principle was to emphasize the association between research and 
higher education. Third, we have worked hard over the past year to provide budgets in the out 
years that give continuity to research, ironing out the ups and downs that were projected for out 
years in the 1997 budget. 

WTien you consider our S&T budget in toto, advancing the development of enabling 
technologies becomes increasingly significant as the time horizons of industrial research and 
development grow shorter. While a short-term research focus can sustain a globally competitive 
position for some time, it does not provide breakthrough technologies that generate new 
industries. That is why the Administration continues to place emphasis on government-
university-industry partnership programs aimed at mid- to long-term technology development in 
both the public and private interest. Industry and academia take the lead in identifying promising 
directions and, after independent merit review, govemment shares the risk. Although these 
programs have experienced significant partisan differences, the Administration will work to 
actively pursue partnership programs in a pragmatic bipartisan spirit. In particular, I believe 
these programs are now achieving a level of experience that will permit detailed evaluation and 
optimization of future investments. 



Finally, let me retum to our agenda for national S&T leadership for a moment. First, 
remember that science and technology leadership, or the lack of it, in one deeply affects the 
other. The required elements necessary to focus our efforts are: an educated, well-informed, and 
open society that embraces thoughtfijl change and has an eye to the future; a long-term, deep 
commitment to research and higher education; and a fertile policy environment that encourages 
entrepreneurship, experimentation, and innovation. 

In closing, I am reminded of the story of the great French military leader. General 
Lyautey, who once asked his gardener to plant a particular tree. The gardener protested that such 
a tree was very slow growing and would not reach maturity for a hundred years. The General 
replied, "In that case, there is no time to lose. Plant it this aftemoon." We, too, have no time to 
lose — we must continue to build the investment agenda that will shape America's success deep 
into the twenty-first century. 
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Thank you. I am pleased to be with you today and, first of all, to bring a message from 
the President of the United States. 

fVarm greetings to everyone gathered at the National Academy of Sciences lo discuss an 
issue of utmost importance to the future of our nation: the continued vitality of America s 
research colleges and universities. 

i: 

We live in a time of enormous possibility. We have an unprecedented opportunity lo 
shape the Information Age, lo lead the global economy, to develop new life-enhancing 
technology, and to create jobs for the work force of the next century. Our passion for learning 
and our sense of discovery have always driven this nation forward, and, if we are lo make ihe 
most of this historic moment, we must renew our national commitment lo education, to learning, 
and lo research. 

America's colleges and universities have, for decades, produced the world's finest 
engineers and scientists and have been a principal source of new knowledge and scientific 
discovery. Today, we still look lo our academic institutions for help in addressing our nation s 
major challenges - fighting di.sease, improving the environment, protecting our national 
security, and sustaining our economic growih. But, if we are lo ensure the future viialiry of these 
institutions, we must work together — federal and stale governments, the university community, 
and private industry — to make the far-sighted investments in education and research that will 
enable us to master this moment of change and build a stronger America for the future. 

I commend all of you for your dedication and leadership in this endeavor. By striving to 
revitalize the role of America's colleges and universities in scientific enterprise and to strengthen 
the foundations of support of ihis role, you are helping lo create a brighter future for us all. 



Best wishes for a productive meeting. 

It is signed by President Bill Clinton. 

One ofthe overarching themes ofthe Clinton Administration's support for science and 
technology is maintaining leadership across the frontiers of science. The Administration views 
S&T leadership as cmcial to improving health care, agriculture, environmental management, 
national security, and economic prosperity. Key to maintaining this leadership is support for our 
nation's research colleges and universities. But they cannot do it alone. That is why the GUIR 
Roundtable was created to foster dialogue among partners, to share lessons leamed, and to 
illuminate pathways to solutions either not seen or not yet taken. 

While focusing on stresses on research and education, I would like to emphasize in my 
remarks the value of dialogue, leaming across sectors, and the need to glimpse new solutions to 
the challenges that confront colleges and universities, and indeed the nation. 

America's colleges and universities are unmatched in their capacity to provide advanced 
educafion in science and engineering and to enrich it through cutting edge research. The tight 
link between research and education has been fostered by the federal government for over half a 
centtiry and supported through a robust bipartisan commitment. The results of this support ha\ e 
been absolutely remarkable. The expression of scientific research in technological innovation 
has accounted for a major part of our economic growth, has underpinned our national security, 
and has promoted our ability to understand, prevent and treat disease, and alleviate 
environmental problems. 

The promise of science and technology is far from exhausted, but will be realized only 
through continued strengthening of our world-class scientific enterprise. The bedrock of that 
enterprise is our system of research colleges and universities. Therefore, it is important that the 
partnership that exists among our academic research institutions, the private sector, the federal 
and state'governments be nurtured and periodically examined, especially at a time when stresses 
can inhibit bold thinking and limit our reach or effectiveness. 

Of course, there is a corollary. The heightened importance in the public's mind of 
research and education, as keys to both national strength and individual well-being, brings with it 
heightened demand by the public and elected officials for measures ofthe health, the efficienc\. 
and societal contributions of academe. Their opinions will be shaped by factors that extend well 
beyond research and education per se. But they are intimately tied to what colleges and 
universities are expected to do: expand knowledge and anticipate the skills their graduates will 
need to add productively to the nation's workforce, economic well-being, and leadership in the 
world. These goals create a forum for dialogue that must cross disciplines, sectors, and 



geographic boundaries. 

The heightened demand by the public for performance, and the public expectafions that 
tend to outpace it, should be welcomed. They are indicative of society's appreciation for the role 
of higher education in the knowledge age and for the solufions that academe, in partnership with 
industry and govemment, can provide. 

A Time of Significant Stress 

Despite the historic accomplishments of our university system, we are in a time of great 
and complex stress — stress caused by significant changes in our research and education 
environment and in our nation. With the end of the Cold War, with the bipartisan recognition of 
the imperative to cut deficit spending and the necessity to balance the budget, with new demands 
for accountability in how federal fiinds are spent. And with the ever-increasing diversit>' of our 
student population, old assumptions and boundary conditions are no longer effective. Ironicalh. 
these changes, many of which are viewed as limiting our research and education potential, are 
occurring at a time when we see the brightest future for scientific advances and how those 
advances can serve the pursuit of national goals. This seeming disconnect between exciting 
opportunity and sobering constraints must be understood - and addressed. 

Budget Reductions 

Clearly, one ofthe major challenges associated with balancing the federal budget by the 
year 2002 is achieving that goal while maintaining our nation's leadership in science and 
technology (S&T). The constraints on federal research funding are driven by the need to 
eliminate the budget deficit, which grew enormously during the 1980s and stifies investment 
today. This situation clearly affects the level of research support for universities, about 60% of 
which comes from the federal govemment. In the face of austerity in discretionary funding: 

Fbr five years, we've protected research and higher education against cuts (the dilemma 
ofthe "discretionary" program budget). 

In preparing its FY 1998 budget, the Administration formulated a budget projection 
through FY2002 that protects funding levels for health research at NIH, fundamental 
research at NSF, and DOE's and NASA's science programs, along wiih the 
Administration's multi-agency S&T initiatives. 

Both basic and applied research budgets increase steadily during this period by about 5°o 
over FY 1998. 



The overall reduction in R&D fimding by FY2002 stems from a planned 7% decrease in 
development activities, especially those related to defense activities. 

These projections are consistent with the President's commitment to balance the budget 
by FY2002 and satisfy discretionary funding caps. I am very pleased that the projections define a 
base funding level that is both realistic and achievable to serve as useftil planning figures for each 
agency. I certainly expect that some increases ~ including those required to launch exciting new 
initiatives will be realized each year, at the time that year's budget request is prepared and 
submitted to Congress. The bottom line, thanks to the President's priorities and our favorable 
economic status, is that the FY 1998 budget request for science and technology is substantially 
higher than we projected it would be a year ago. 

In the FY98 budget request, we continue to promote the growth of programs that benefit 
basic research and therefore universities. Overall, programs that support university scientists did 
quite well: 

NSF and NIH would each be increased by 3%; 
Basic research funded by DOE is proposed for a 4.6% increase above FY97 fundmg 
levels (remember that previous out year projecfions had DOE programs sharply 
decreasing); 

^ The peer-review competitive grant programs at both the USDA (the NRI program) and 
EPA (the STAR program) are up 38% and 21%o, respectively; 
DOD basic research in the 6.1 account is up by almost 8%; and 
Science research at NASA is up 3%, including a projected 7% increase in academic 
R&D. 

Education 

How stresses on research affect the climate and character of advanced education is the 
business of both colleges and universities ~ the producers - and of industry - a prime consumer. 
One ofthe ten elements of the President's education plan is to "open the doors of college to all 
who work hard and make the grade, and make the 13th and 14th years of education as universal 
as high school." To help us meet this objective, the President has proposed: 

the HOPE scholarship, a $1,500 tax credit for college tuition, which should be enough to 
pay for a typical community college tuition; 

• a $10,000 tax deduction for any tuition after high school; 
an expanded IRA to allow families to save tax-free for college; and 
the largest increase in 20 years in Pell Grants for deserving students. 

While participation in higher education is sought as a key lo a robust U.S. workforce, the 



form of that participation is changing. The information revolution, while creafing new 
opportunities through technology, also is transforming the way colleges and universities 
accomplish their education mission. Access to university programs is no longer limited by 
geography or the availability of classroom space. Improvements in the Intemet and networking, 
for example, open new possibilities for distance leaming that challenge our traditional views of 
the resident campus and the clientele it serves. These developments not only expand greatly 
student and public access to academic life, but also create new pressures on what faculty teach, 
how they are rewarded, and what constitutes scholarship and good citizenship on campus and in 
society. 

In addition to increasing access to higher education, the President has proposed an 
aggressive system of nafional standards in reading and mathematics for grades K through 12. 
The results ofthe Third Intemational Math and Science Study, TIMSS, clearly demonstrated the 
need for our students to improve their overall math and science skills relative to other nations. 
While we were not at the bottom, our students only performed average compared to the other 40 
participating nafions. Average scores will not ensure our nation's ftiture leadership in math, 
science, and technology, and will not ensure future economic prosperity. We must do better. 

I dwell on K-12 education because our nation's colleges and universities have a key role 
to play in improving the performance of our K-12 students in math and science. Such 
improvements would clearly lower the stress on colleges and universities, too! The President's 
call for a voluntary national eighth grade mathematics exam is a way of mobilizing the resources 
of local communities to help schools and districts to identify the condifions and practices that 
improve academic achievement in all subjects. What better resource for improving science and 
math literacy and influencing careers than institutions of higher education? In various ways, 
faculty can help fortify teaching and leaming in a classroom that is based on rigorous content 
standards such as those developed for science by NAS. Combined with high expectations for all 
students and intemationally-benchmarked performance, standards-based instruction can become 
the norm in U.S. classrooms. Universities, business, and industry all gain through the superior 
preparation of students and workers. Working together, we can reduce this form of stress. 

Specifically, colleges and universities can help students advance toward excellence in at 
least three ways. First, how we teach our future teachers is of paramount importance. We need a 
stronger partnership between colleges of education and colleges of science and engineering. 
Future teachers cannot build on students' natural curiosity about the physical world without first 
awakening their own, asking questions and developing an appreciation for experimentation, 
systematic observation, probability, and the making of inferences. Such "literacy" in the 
methods of inquiry as well as textbook answers is a prerequisite for teaching. If teachers are not 
equipped - in content areas, in technology, and in hands-on, inquiry-based pedagogy - their 
students (and our next generation workforce) will suffer. New teachers lacking preparation in 
standards-based instmction will also add lo the costs of local professional development. Why 



certify teachers who are not state-of-the-art? Why add to the burden of retooling and retraining a 
veteran teacher workforce? These questions of investment in human resources are best addressed 
during study toward the baccalaureate. Colleges and universities can exercise quality control 
over what new teachers are trained to know and do. 

Second, higher education is best positioned to increase the knowledge base on "what 
works" through research and evaluafion of models and practices, and to suggest how standards-
based classrooms can better utilize technology and sustain high performance in mathematics and 
science by all students. Through NSF's Systemic Initiatives and the DoED's Goals 2000 
program, states and districts are now changing management stmctures and teaching modes to 
raise academic performance. We must leam from these experiments in real time. Colleges and 
universities must be reliable partners of school districts and their teachers, as many companies 
have been, if the latest research in science and technology is to be successfully adapted to the K-
12 classroom. Higher education faculty are human resources for schools and communities. 
Tapping ~ electronically or otherwise - the diversity of disciplines and cultures among them 
puts a human face on science. It also increases the potential for mentoring students, as industr> 
programs have long demonstrated. 

Third, higher education is often the sector for drawing on talent in the national interest. 
The President has enlisted student volunteers from over 60 colleges and universities to ser\'e as 
tutors in the "America Reads" program. To help all students perfomi lo world-class standards in 
mathematics, a pool of algebra and geometry tutors could likewise volunteer in schools and 
community-based organizations, after school and on weekends, to augment classroom instmction 
and enrich mathematics teaching and leaming by the eighth grade. Such an initiative, which 
higher education could organize and run in collaboration with industry, is citizenship in the 
purest sense of sharing knowledge and expanding options. We know lhat such interactions 
during the impressionable middle-schools years can make a big difference. The President has 
established annual awards for mentoring, which is especially important for under represented 
minority students studying math, science, and engineering both in K-12 and college. 1 solicit 
your commitment lo do more in partnership with K-12 schools and students nation-wide. 

It is in the mutual interest ofthe producers and consumers of new graduates to ensure that 
talent is drawn from all segments of the population, and that their mix of skills and knowledge is 
well-matched to the job opportunities of the 21" century. This is neither easy nor readily 
predictable. Il is stressful. But colleges and universities are adept at tackling hard problems and 
forging new solutions, mindful - al least some ofthe time - that "the key to the future is lo 
forget past successes." 

Regulations 

Il is ohen said that whal were once virtues arc now necessities. The Administration 



through the Vice President's work with the National Performance Review has committed to 
making govemment work better, cost less, and impose less of a burden on our citizens and 
institutions. The common sense approach that we're taking to government means that: 

• govemment focuses on results, instead of burying us in rules and punishing those who 
don't comply; 

• govemment recognizes that its customers come first; and 
• the people get their money's worth - that govemment works constantly to be better, faster, 

and cheaper while delivering quality services. 

Despite a litany of progress, we need to do more. Inefficient and overly bureaucratic 
regulations continue to erode the buying power of scarce federal resources. 1 believe that the 
regulatory arena, however complex, is ripe for reform. Unfortunately, the legal and bureaucratic 
structures that are in place to enforce many of these regulations have multiple constituencies and 
purposes. For example, should EPA regulate the relatively small amounts of hazardous wastes 
generated by a university labs the same way it regulates waste generated by industry? Balancing 
the statutory requirements, regulatory requirements, and other directives and orders requires 
careful attention so that the federal side of the partnership doesn't smother the university side. 
We must use common sense to idenfify and change those regulatory constraints that are 
redundant, not science-based, or erode federal-university partnership. 

For academic institutions conducting government-sponsored research, no issue raises 
more hackles than "OMB Circular A-21." This circular articulates the financial terms ofthe 
long-standing partnership between universities and the Federal Government for the support of 
research. Just as the overall partnership must be dynamic to maintain its vitality in the face of 
changing circumstances, the guidelines in A-21 must also change periodically to reflect evolving 
responsibilities, scientific practice, technology, the laws of Congress, and changes in the financial 
environment, human resources, and the physical research infrastructure. 

Over the past five years, we have made some significant changes to Circular A-21. 
However,T know that from the universities' perspective not all of those changes have been for 
the better. We are trying to balance competing interests: the need to maximize the impact of our 
federal research dollars with the need to ensure appropriate levels of fiscal accountability. 

Because Federal regulaUons can have a profound effect on the efficiency and 
effectiveness of academic institutions and researchers, we have been working for several years 
with Federal agencies, academic organizations, and the Federal Demonstration Partnership to 
identify further regulatory reforms that can ease the burden. This process of progressive 
regulatory reform will only work if you - our university partners - continue to implement cost 
containment measures and monitor how your institutions fulfill the redefined requirements. 
Consider, too, that regulation is an arena where the more extensive but relevant experience of 



industry in producing efficiencies of outcome and other economies could shape projects by 
colleges and universities. 

PRD 

A major acfivity just getting underway is a comprehensive federal assessment of the rules 
and procedures that promote or constrain the federal government-university partnership. 
Under the authority of the NSTC, I issued a Presidential Review Directive, or PRD, to form a 
mulfi-agency task force under the direction of the Committee on Fundamental Science, to focus 
on the major stresses in the areas of research, education, and administrative regulafions, and to 
determine what the federal role should be in addressing those stresses. Dr. Emie Moniz will 
speak to you about this later this moming. 

Conclusion 

In summary, we are counting on our colleges and universities, in concert with their 
partners and in the spirit of the GUIR Roundtable, lo shoulder a significant set of responsibilities 
in this time of national reexamination and substantial evolution of our investments in the future 
This reinforces our commitment lo sustaining the health of the university system as part of a 
shared commitment to the prosperity, security, and quality of life of all our citizens. 

In the President's Stale ofthe Union address, he issued a call lo strengthen education and 
hamess the forces of technology and science lo enable the kind of future we aspire to. We have 
the mandate. We now must have the will to move together from rhetoric to action. Taken in the 
right spirit, stress, like the proverbial night before the hanging, can focus the mind! 

HUH 
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I am delighted to be here to convey the President's congratulations on NACME's 
selection as one of the first institutions to receive the Mentoring Award. 

The significance of the President's Mentoring Award actually is modest compared to the 
lives that have been changed, and the talent that has been drawn into engineering and 
science, through the sustained efforts of NACME, its President and CEO George 
Campbell, and the NACME Board. 

Celebrating this award during Black History Month helps lo remedy a historical wrong--
the unfortunate lack of material in science textbooks highlighting the roles of African 
Americans in the development of science and technology in the U.S. 

I was reminded, flying up from Washington this aftemoon, of the accomplishments of the 
18th century inventor, Benjamin Banneker, whose most notable, from among many, 
contributions to America came as a surveyor with the team cho.sen by President George 
Washington lo develop the plans for the new U.S.Capital. President Washington 
appointed Major Pierre Charles L'Enfant, a young Frenchman, to be in charge of planning 
the new capital. But the bureaucrats of the day resented a foreigner being given so much 
authority. They fmstrated him to the point of resignation, whereupon he took all the plans 
and maps back with him lo France. Thomas Jefferson called a meeting in an attempt to 
salvage the project. Incredibly, Banneker told Jefferson he could reproduce the plans from 
memory. In two days he did. The work of laying out the city of Washington, DC, was 
completed, yel Banneker received little official recognition then or since. 

None of these accomplished scientists and engineers, they would tell you, and I can also 
personally relate, would have excelled without the interest, concern, caring, and guidance 
of mentors. This award lo NACME epitomizes their spiril - and our personal and 
national investment in the next generation. 

The Presidential Mentoring Award Program, which I believe was long overdue, was 
bestowed last September on ten individuals and six institutions. None of them had 
pursued the recognition. The awardees were nominated by ihcir peers, colleagues, and 



partners not only for their convictions and continued efforts in behalf of engineering and 
science students, but also for their impact on supporting those talented students to achieve 
what many doubted they could. 

In addition, what is noteworthy about the NACME award is that it represents one of only 
two recipients that are what is euphemistically called "community based organizations." 
Unlike institufions of higher education, CBOs leverage resources and influence from 
outside the formal system. They do public service by concentrating the intentions and 
resources - both fiscal and human - of those who recognize, consume, and benefit by a 
skilled and versatile technical workforce. 

We all know that investing in human resources - through formal education and access to 
opportunity to eam baccalaureate degrees and beyond - is the best investment the Nation 
can make. When those human resources are being prepared to contribute to the processes 
of research, discovery, and innovation, they are a a gift to the next generation lhal "keeps 
giving." They, in turn, raise and reinforce our expectations. 

So it is with pride and joy, both as a scientist and the President's Science Advisor, that 1 
thank NACME. The Nation is grateful for you. Your programs will continue to shape 
future cohorts of undergraduates who increasingly look like America. Your legacy are 
these engineers and scientists who are poised to contribute through their work and 
citizenship, to their professions, their communities, and to a dynamic global economy of 
the 21st century. Thank you. 
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Dael Wolfle Lecture 

October 9, 1996 
Seattle, WA 

I am very grateful for the opportunity to be on campus and to present this 

year's Wolfle lecture. His is a life of service to science and society, and it's a 

pleasure to celebrate it in this way with you. And it's a particular pleasure for 

me because Dael directly contributed to the institutions to which I've been 

devoted for the past 17 years, mcluding the President's science advisory 

apparatus; the National Academy of SciencJCommittee that recommended the 

establishment of the Congressional Office of Technology Assessment; and the 

AAAS. In the history of the West, there was a hardy group of explorers, 

entrepreneurs, and mdependent spirits collectively referred to as the "moimtam 

men." In the exploration and development of science policy, Dael epitomizes 

the Mountain Man. 

Well, certainly today we are at another historic time for the nation. I 

guess each moment m time is a historic time. But with the ceremonial 

approach to the millennium, it is a good opportunity for us to make some 

critical decisions about where it is we want to be and how we want to get there 

in the 21st Century. And m a sense, we are doing no less than deciding about 

our future as a self-govemmg society. 



There are many perspectives about the future. In my darker moments, I 

think of Pogo who once said to Churchy Lafemme, "Well, Churchy, as I see it, 

from here on down it is uphill all the way." 

There are odiers who have a more optimistic view of the future. 

However,* we-eectaisfy see ourselvesAm a time of expansion of options through 

the proliferation of knowledge. Even though this means more opportunities, it 

is also a time in which a number of constraints',"constraints of complexity, of 

limits to physical dimensions of thmgs, complicate and encumber our future. 

It is*-clear that science and technology ŝ sSSPBŜ  wilPplay a central role m 

our future, I believe, just as much, if not more so, than m the past. We will 

use<diese tools to help bridge our way into the 21st CenUiry. And I expect that 

our joumey into next millennium will certauily involve change and 

opportunity and challenge. 

I think the President said it well m his 1995 State of the Union when he 

said: "...now we move to an age of technology, mformation, and global 

competition. These changes have opened vast new opportunities for our 

people, but they have also presented them with stiff challenges." 

While some see this as a time of crises with'negative connotations, I take 

the more optimistic view that this is an excitmg time for productive change and 

gtowth m many dimensions. 

Afî feeantt̂ sfCJSSBlhis dichotomy of perspective befere, I think this 



was best articulated by Gramsci when he wrote in his prison notebooks: "The 

crisis consists precisely in the fact that the old is dying and the new cannot be 

bom. And into diis mterregnum a great variety of morbid symptoms appear." 

think ̂ t*is a fau: characterization of how we fmd ourselves as we 

move to die millennium, away from the cold war, into an era of unprecedented 

competitiveness, economic mtegraUon, global envu-oitmental sti-ess,< regional Uu^y-

and edmic conflicts, and of a lot of odier dimgs<«j5ffeg='6^^q>«5?'a^a^?^3!>fî  

I certainly cannot subscribe to die notion that science and its partoer 

technology are m a crisis, at least a crisis of impendmg disaster. To my way 

of thmkmg, a true crisis m science wouldcorrespond, for example^ to an 

approach to die limits of knowledge itself," >4^fSespite our exU-aordmary 

contmumg adventure of discovery, I think we have not to worry. We are still 

quite secure m our ignorance. CC^/^c/t^-^ '^S^j^. 

As Lewis Thomas observed m die Medusa and die Snail: "The only solid 

piece oF scientific Uiidi about which I feel totally confident is diat we are 

profoundly ignorant about nature. Indeed, I regard this as die major discovery 

of die past 100 years of biology. It would have amazed die brightest minds of 

the 18di Century enlightenment to be told by any of us how litde we know and 

how bewildering seems die way ahead." 

Now that we have begun exploring m earnest, doing serious 

science, we are gettmg glimpses of how huge die questions are and how far 



from being answered. But we are making a beginning, and there ought to be 

some satisfaction, even exhilaration, m diat fact. The mediod works. There 

are possibly no questions we can thmk of that can't be answered given the 

proper tools and resources. 

Emstem iSagr^fW^^^i^^^M^^^^^^ said,>5^S^^?^ 

diat one of die most remarkable thmgs about the universe is diat it appears to 

be understandable. Not so much diat we understand itf but it is subject to 

understandmg. 

ell, wfe cettamly 

achiev^ents 

I used to wonder in awe at my father's lifetime m which the automobile.. „u .-L 

and heavier-than-air transport became possible, the x-ray was discoveredf the ^''*^y^.o 
neutron and nuclear fission were discovered. A lot of extraordmary thmgs i'^di^cux^ 

happened diat mmed tjre^Si^^ upside down. 

But then I began to reflect onNny still somewhat tender age. It has been 

suice I graduated from college diat we have gone mto space, that we have 

discovered die reason for die exUaordmary species extinction at the KT 

Boundary m which a sudden cataclysmic event completely overwhelmed the 

slow underlying progression of Darwin's evolution.ao* dramatically broadened 

our view of evolution. We discovered contmental drift to be a fact and were 

able to measure the velocity of*plate movement; we found the neutrmo; we 

discovered DNA and molecular biology. 



So the last decade, or even the year or event of the month will do just 

fme for me in talkmg about die progress and die state of science. For example, 

over roughly the past year; 

Bose-Emstein condensate, a new form of matter, predicted a long 

time ago, has nbw been observed. This is a microscopic collecdon of atoms 

that have been cooled to such low temperature that their wave functions 

completely overlap and the whole group acts as a single atom. The 

"Schrodmger's cat" phenomenon, with which I'm sure you are familiar~it is 

deeply connected to the unsetding aspects of quantum uncertamty~has just been 

confirmed experimentally. 

* I have a litde piece of paper m my office hangmg on die wall that says: 

"Heisenberg might have slept here." And I »^@^ calibrate my visitors^56^" 

whedier diey smile quickly at diat statement. 

» Experiments focused on the very small (particle physics) and the very 

large (cosmology) are teachmg us about die nature of mass itself, as well as 

about dicmai^^pwd missmg mass which appears t\£^iprgB^^ most of our 

universe. c^fUA^jUjUj^ 

• We are making stunnmg advances in our quest to understand the origin 

and JlJIe earlv development of life. The sequencmg of an archaea genome, 

announced'̂ this summer, has revealed a third form of life. One such organism, 

Methanococcus jannaschii, is found around hot vents m the ocean floor where 

the water is near the boilmg temperature and the pressure is at 600 



atmospheres. All that organism needs m order to live its life cycle totally away 

from sunlight is nittogen, carbon dioxide, and hydrogen, from which it makes 

methane. It is neidier prokaryote nor eukaryote. And t̂extbooks need to be 

rewritten agam as of the Summer of '96. - M * ^ 

0 Almost simultaneously, we have encountered mtrigumg evidence of the 

possibility of ancient life of Mars. There is clearly much science to do in 

reviewing and advancmg these kmds of research. It reminds us about our 

ignorance of the origm of life, its many poBoiBlo forma here on eardi, and its 

possible occurrence throughout die universe. A great scientific adventure 

certainly remains at die frontier for us and our descendants/ 

• * Many systems widi complex organization pose profound challenges to us. 

The recent paradigm of punctuated evolution has certamly fundamentally altered 

our understandmg of evolution of the biosphere. Development of the brain and 

its development m response to extemal stimuli, especially m early years of life, 

are only partially explored subjects at die intersecdon of the life and behavioral 

sciences. Research m this area is filled widi mcredible mtellectual challenge, 

and it promises also to be of tremendous importance to educational practice as 

well. 

* And we have just begun to recognize die complexity of die eardi system, 

a fascinating mteraction of land and oceans and atmosphere. We have only 

recendy recognized depledon of the stratospheric ozone layer, and we also have 

only recendy come to understand how human actions can make it grow or 

shrink on a planetary scale. 



We have only partial knowledge of the basic workings of the metabolism 

of the eardi's living skm or die biosphere. More complete knowledge in this 

area is certainly gomg to be needed if we are going to address comprehensively 

the problem of climate change, mdeed, of die unpact between human activities 

on our spaceship eardi and its performance and its durability. 

• We are early m the learning curve when it comes to the issue of 

ecosystem metabolism, of biodiversity and its importance to die workmg of die 

planet today and its importance as a collecdon of potential answers to yet 

unposed questions—quesdons of the future in the areas of food security and 

medicme, for example. 

* '^^*Cese dynamic issues of the global environment diat are associated 

with the issues I just mentioned-ozone depletion, global warming, the loss of 

biodiversity—all have a common frait, a very long dme frame far beyond the 

kind of time frame that 1 have to deal with m the White House or die Congress 

and most of us have to deal with m our daily private and corporate lives. 

They and related phenomena, such as human population growth, develop 

over decades and centuries, not years. And even if they can be stabilized, 

the time needed for recovery is even longer for many of them, somewhere 

between human time scales and geological time scales. 

Albert Schweitzer once said near die end of his life that "man has lost the 

ability to foresee and to forestall. He will end up destroymg die earth." This 

from a man who had a full life of great optimism about die future. A very 



sobermg observadon from a very wise person. 

J 

Our short national history does tell us diat we have difficulty addressing 

diesê long-term issue?. Adlai Stevenson, Jr, said diat "...we Americans never 

seem to see die handwritmg on die wall until our back is up against it." * One 

almost has to develop a perception of crisis m order to effect action. 

The |5Ft0t>f<3«H that I see in the area of environment or sustainable 

dcyt\opment̂ &r>)f;̂ l̂̂ ffp̂ pij;̂ ^ be solved simply by ignormg 

diem. Innocencê is not die route to salvation. In fact, such issues will contmue 

to grow worse as long as we refuse to address them squarely. 

At die same time I must observe diat members of die Congress are drymg 

to halt the fundmg of many global envnonmental research projects despite the 

fact diat dieir scientific merit has been attested to by die National Academy of 

Sciences as bemg very high. Some m Congress want to stop diis research^t^JX^^ 

5i5E5̂ &ftH it liberal clap trap! I believe that dieu real problem is diat diey are 

concemed diat diis kmd of scientific mvcstigation may mdeed disclose die kmds 

Ij^^h) limits of naUire diat are anadiema to dieu political philosophy. 

We are m the its^ssi stages of couplmg die physical, biological, and 

social sciences m die pursuit of global knowledge. The admonition of CP. 

Snow is still widi us diat we need to continue to try to bridge diat impeftetit ^ j ^ ^ ' ^ 

gap between our cultures of naUiral science and social science in order to 

tackle many .«̂ E*b9(» research questions. 



This coupling certamly is essential if we are to defme and understand 

and, therefore, react to the notion of a carrying capacity of the earth for 

humans.ŷ o resolve this issue, we must nbt only defme die technologyr<i*̂ *̂  

imits of die eiifdi's resource base for supportmg/me human 

species ancr our activities, but ̂  imist also consider Ĉ e qû ity of life that 

people 

_ sensitive td^umbers. ^^rd KS&a Russell/̂ aid 

dî t one ol̂ the problems^ijhfiiity is diat ̂ ^wojfld radier com^ sû 6ide 

than leam arimhietic'̂ /But beyond arithmetic, thefre is a question of h ^ far 

technology and science can canyusjnalte^^ of carr̂ îg. 

requures 

N;:apa£iiy*-̂ âpacity is a sttong function of the degree widi which we use our 

mtellectyto provide for goods and services with mmimal unpact on resources. 

^^t\ key paradigm of die Clmton administration is diat by embracing, 

supportmg, and sustaining research m science and engineering, we can provide 

for envnonmental quality and die protection of our future generations while at 
'TloU-' f^ft tr"/t»i*. 

die same tune providmg goods and services to our economy. AJI goes agamst 

die gram of die ti-aditional paradigm diat somehow environmental quality and 

odier amenities of life are m fundamental confrontation with providmg die 

physical amenities. 

This seemmg dilemma was illusu-ated m a cartoon m ^.^^J^^ Yorker in 

which two people were standing on a busy stieet corner mAMsS»5M*k. One 

said to die odier, "You know, die way I look at it, diere is a ti-adeoff for 

everydimg. You want a high standard of livmg, you settie for a low quality of 



life." 

would claim that is not̂ he case. Indeed, so does the President. 

we all too often ^ dimk of standards of living'*^ convenient, economic 

measures of our progress. I would remind you of what Rene Dubos said about 

this. He said, "Just as important are the social amenities that make it possible 

to satisfy the longmg for quiet empty spaces, for privacy, independen̂ ând 

other conditions essential for preservmg and enlarging the peculiarly human 

qualities of life. These are m short supply already." 

Let me tum to die issue of funding for science and teclmology for a 

moment/ I thin^all of us need periodic reminders about the rewards of 

mvestmg in the future. We have done diis well m the past. Our global 

competitors in defense or aeronautics, envnonmental technology, medical 

devices, pharmaceuticals, telecommunications, computers, and a host of other 

areas have all leamed from our example. 

flew Some of'ftoi make similar or greater investments dian we. 

While we cut our research budget, Japan is doubling theirsA They already 

exceed us in'̂ investment per capita. Before the tum of the century, they will 

exceed us on an absolute basis d<iea ŝisi85l, even though diey have half our 

population. 

In the context of Aesop's Fables, some of our most wordiy competitors 

are acting today like the ants. They put aside the seed corn for a cold and 

rainy day. We did it ourselves for many years. In years past, die Federal 
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Govemment saw opportunities to invest for a better future, persevered in those 

investments, and reaped ample rewards. j 

For example,' fiber optics was a germ of an idea m an obscure area of 

basic phy-sics only 30 years ago, but fiber optics now carry most U.S. long 

distance telecommunications. 

« The global positioning satellite system represents a confluence of basic 

research m physics and software commimications and high-speed electronics. 

First developed for miliary purposes, as was the mtemet, it is now rapidly 

expanding m the commercial markets for navigation and au safety, as well as 

contributmg to agricultural and ecosystem management. 

• Severe weadier prediction emerged from the integration of space 

platforms, immense computmg power, and atmospheric science research to help 

prevent the loss of life and property. 

' Biotechnology resulted from decades of basic research m molecular 

biology and computer science and now provides diverse services from 

pharmaceuticals and healdi diagnosis to unproved foods. 

But I am concerned diat we are becommg a litde bif*like Aesop's 

grasshopper dian die ant~die grasshopper who sang die summer away. 

In unison we smg less govemment, lower taxes. But there is dissonance when 

we ti-y to talk about preparmg for die future and puttmg aside somedimg for our 

children and our grandchildren. 

11 



That is one reason Lam very pleased to be m diis Admmistration m 

which die President*constandy addressî  this question of mvestmg for the ^ 

future, includmg providmg for ̂ ^̂ <Teplenisliment of natural resources we 

consume with knowledge and technology that provides similar economic 

opportunities for future generations. 

Somehow wt̂ must fmd and re-establi 

Administrauon and (Spbgress on 

beco^ evidbnt over the nê tt̂ Qojlple years 

between the 

American masterjj of scienc 

uu, will/largely deĵ ermme whether 

ies, good lODs, â mgner qu •onpor ^ 

>amenities, inchî iifg 

environment 

edj^^ î̂ ughtfjil 

njoy basic 

nrishing 

The Federal Government clearly plays a pivotal role m assurmg our 

leadership in science and technology. TliejKUji9if^-J^^epidJradpr^^ 

ijj^ttlK-^Q^^'eHgjne^rjilgv^^^ "'^-^j^ 

Federal research^mvestinents partnered with private sector mnovators 

have led direcdy to the kmd of leadership of U.S. firms today m agriculture, 

aeronautics,'^semiconductors, computers, communications, pharmaceuticals, and 

s^Stgaepf odier i^HBrleadmg industiial sectors. I>«^ytl::t i^-iA^^uSl ^ 



We are deter 

technolds^^r the fu 

Fmally, I would 

'"**~5tê afr we now observe i 

like to reflect on the underlying thiiwmiywui-causes of sjujt^A 

' screi the science community/4̂ Kuî t*i<̂  , 

I would posit diree factors diat I dimk we ought to try to ' 

First Jt^ to address the consequences of our long-held paradigm that the 

exponential is our friend. Humankind, especially Westem civilization, 

has long viewed expansionism?expansion of*fe^J«, of jMnaiiuetiian, of 

occupation of die land, as a vital life sign, die route to a better life;^^^***^ st**<^iju<> 

Implicidy, science and technology have jomed that metaphorical 

westward expansion that 2teSŜ î̂ mk Ken Boldmg tided die cowboy economyfo«Jt: fi"^ 

namely, move west and produce more. The notion worked remarkably well for 

quite a time m our national history. But now we have mn out of geographical 

frontiers, and there is much frustration widi science itself, m part because it is 

now do&BBg limits diat are not welcomed in a cowboy economy. 

Herb Stein, a highly regarded economist, once addressed the îlUUOii of 

exponentiaawf m the followmg way. He said, "That which cannot continue 

forever must at some point come to an end." It sounds simple, but when you 

get down to the practicality of it and the paradigm change it impliê  it is a 
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really great challenge for us. ^f^^^^^^-^^ •-Wc^ IST-^U^ -H^**^^ {I 

J 

The secon̂ dimg I would hope we can take into account is die fact diat. 

largely driven byscience and technologv̂ teoiiees- and by die mountmg 

complexity of our society, die ability of our MOH^^ftm to accommodate and 

to adapt to change is sorely sti-essed. 

This, I believe, is one/explanation for diê rise m revisionism, m ultta-

fundamentalism, m anti-science;̂  all emergiHg from'̂ frustiation widi die siUiation 

fC^fe-fmd diemselves in. 

Th^tgtd^actor, is diat 9t»-HEQ*g^ap^iPtse^^ has been a lossace^^v 

of the social contiract between society and die s«iontific community. The I 'U^u/ -

bargam of a half-century ago was to keep us out of a hot war widi die 

inen̂ cmĝ Ŝ vjpt Union.-̂ to create economic wealdi, and improve human healdi. 

That̂ vrtfe die underpmning to die support of science for decades. 

The 8yttetgwsa*»fatoffggade^atBB^by Rachel Carson and by 

odier events m which science, or at least die applications of sciencê ŝeemed to 

be takmg us m die wrong duection. A couple of decades ago, Robert 

Heilbroner observed diat dtB may be die last generation̂ thâ ŝ die opportunity 

for society to wrest conti-ol of tte future away from die'Torces of technology. 

This discomfort̂ was further underscored by die cancellation of die 

superconductmg supercollider several years ago, reflectmg in part â conviction 

diat diis kind of sciencê Vl•a!n̂ )̂̂ l̂od 4JJ UIL puUlluam not sufficiendy relevant to 
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/te mterest to hold its support. Even if science isn't understood, if people have 

a feeling it is going to affect dieu lives m a positive way, such as, for msl^ce, 

research in molecular biology, people will still support it. But if diey neidier 

understand die science nor have a feelmg diat it is relevant to dieir lives, dien 

die social contiract is broken. x * ^ ^ 

we need to wresde widi.* Thete are attendant 

responsibilities of die members of die scientific community to better and more 

frequendy communicate die activities diat we are engaged in and dieir*̂ elevancê  

^ to die needs and wants of society. 

U/< ^ ' U A X ^ _ _ _ _ _ _ 

t^^M^FsSlSfeg^ to mtegrate across 
disciplmes, natural and social sciences,̂ to address not only die frontiers of 

knowledge but also die frontiers of concems of our society. 
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The Significance of the Presidential Mentoring Program 

I am very pleased to be here today to present the Presidential Awards for Excellence 
in Science, Mathematics, and Engineering Mentoring. 

You are the first group of awardees in this program. The President intends the 
program to recognize outstanding mentoring efforts and programs that have served to 
encourage minorities, women, and persons with disabilities to study and to succeed in 
science, mathematics, and engineering. By the mrn of the cenmry, and the millennium, one-
third of the American nation will be composed of minorities. In the highly competitive, 
knowledge-rich, information-intensive, global economy, every individual, no matter what 
gender, color of skin, or disability, must be provided the oppormnity — and indeed 
encouraged — to pursue their interests and to develop their talents in science and technology 
whether it be as a career choice, or to be able to exercise full citizenship in the technology 
and information age we have entered. Our nation can no longer afford to underinvest in 
their potential or to have science and technology-illiterate citizens in its democracy. 

The President has made education a major foundation of his bridge into the twenty-
first century. He recognizes that role modeling and mentoring are critical ingredients in the 
nourishing of talent. Every one of us here today have benefitted throughout the years — 
starting as young children, through our grade school and into undergraduate and graduate 
years — from demanding, thoughtful, and caring mentors who have made such an enormous 
difference in our accomplishments. The mentoring program recognizes this basic fact in the 
professional development of scientists and engineers and seeks to ensure lhat individuals who 
have not had these same opportunities will have better access to them in the future. 

The President established this award based on a recommendation made by the 
National Science and Technology Council. The award is jointly administered by the White 
House Office of Science and Technology Policy and the National Science Foundation. The 
award tangibly demonstrates the President's commitment to ensuring that all of our nation's 
citizens have the opportunity to spread their wings and for some to pursue careers in science 
and technology. 



I congramlate each of you for the contributions you have made to the lifting of 
peoples sights; to the kindling of excitement about leaming; and to the nourishing of 
spreading wings. You are strengthening the scientific and technological foundations of our 
universities and industries and therefore of our Nation. You are paying back your debt to 
those mentors, like our parents, scout masters, teachers, coaches, professors, and colleagues, 
who nurtured you and me in the past. And you stand as excellent examples of the very kind 
of service to others that the President seeks to recognize. Our nation deeply appreciates your 
service. 
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Science, Technology, and Energy Security 

L Introduction 

1 would like to thank you for inviting me to speak on the issue of energy 
security and the role of science and technology. Since the 1970s, when 
energy became a national policy concern, and we embarked on the "War 
®n Energy," our nation has made important strides that are often not 
well appreciated. Yet the challenges that we will face in the future from 
growth in international energy demand without concomitant growth in 
supply will dwarf the challenges that we have tackled domestically. 

As we look around the world, we find remarkable economic growth in 
many regions. Each time that I return to Asia, I am struck by the speed 
of the development underway. 

However, accompanying this growth are increasing demands on our 
world's natural resources, including our energy resources. Since reliable 
access to energy is vital to national security, to economic growth, and to 
quality of life, the sustainable management of these resources will be a 
critical challenge to all countries, including the United States. 

Many economists have forecasted that by around the year 2010, China 
will surpass the U.S. as the world's largest economy. Its economic 
growth will bring very large demands for energy services in a country' 
which has today a low level and low efficiency of energy use. 

When I met with the President of China, Jiang Zemin, last year, he 
discussed at length his concern over his nation's ability to meet its future 
energy needs, and to do so in a way that would be sustainable for the 
country's 1.3 billion people. Experts from both our nations took a 
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deeper look at this issue last week when we launched a sustainable 
development dialogue with China under the auspices of Vice President 
Gore. 

India, the world's second most populous country, has also taken steps 
towards economic liberalization -- steps that may bring greater industrial 
growth than economists currently project. 

The sustainable growth of these nations is not just their own problem, 
however, as they will increasingly compete for resources in the global 
markets and add to transborder and global environmental stresses. The 
Chinese government, realizing that energy availability is one of the 
principal constraints on China's rate of economic development, is putting 
a premium on capacity expansion. In fact, China will be responsible for 
nearly 20% of the world's power growth over the next 10 years. At the 
same time, there is concern that China is not putting enough emphasis 
on energy efficiency opportunities that might mitigate the need for some 
of this additional capacity. 

©f the oil that China does import, more and more will come from the 
Middle East, increasing from about 70% today, to perhaps 95% by 2010. 
This would not only affect resource allocation but also geopolitical 
alignment. And many other nations, alongside of China and India, 
share similar aspirations. 

Our strategy for sustainable economic growth in the U.S. must therefore 
consider the trajectory of other nations and must be a strategy that 
places a priority on engagement with other nations. Guarding the 
shipping lanes is important, but is far from enough. 

The growing need for engagement was reflected by Secretary Christopher 
earlier this month in his remarks at Stanford University. He noted that 
our approach to sustainable development: 

"must be global because pollution respects no boundaries, and the 
growing demand for finite resources in any part of the world 
inevitably puts pressure on the resources in all others." 

A higher priority on international engagement allows us to work more 
closely with other nations to enable efficient energy use and conversion 
that will reduce competition for energy resources, relieve environmental 
burden, and help U.S. firms that are often highly competitive in these 
areas. 
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IL Holdren/Erlich representation 

One useful way to understand how people and the resources they use 
interact to affect the livability of the planet is a mathematical identity 
first formulated by John Holdren and Paul Erlich in the 1970s. In this 
view, environmental costs can be expressed as the product of four terms 
(see Figure 1): 

Pollution cost equals 

Population times 

Economic activity per capita (representing standard of living) times 

Energy per unit economic output (or energy intensity of the economy) times 

Pollution cost per unit energy production. 

Reducing the burden on the biosphere means driving down the left-hand 
side of this equation. That, in turn, means reducing one or more of the 
terms on the right. The first of these terms, however, is not a promising 
candidate. World population will not drop in our lifetimes. Suffice it to 
say that for the foreseeable future, the best we can hope is to moderate 
its rate of increase and push toward equilibrium. 

The second term -- economic output per capita -- can be taken to 
represent the standard of living, although admittedly there are problems 
with equating the two, and few would opt to drive that down. 
Reducing the product of these terms, therefore, requires driving down the 
third and fourth terms by even more than the growth in the first two, and 
it is in these two terms that technology comes into play. The third term, 
representing the amount of energy consumed per unit economic activity, 
is a measure of the efficiency of energy use and the marketbasket mix of 
goods and services. The world response to the oil crises of early 1970s 
showed that the ratio between energy and economics was not immutable, 
but rather responded strongly to market pressures and availability of 
improved technology. 

The fourth term represents the pollution costs associated with producing 
a unit of energy. Technology can also serve to reduce this term, as new 
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sources of energy supply and technologies of conversion are developed 
that place less stress on the environment. 

The third and fourth terms in this identity correspond roughly to the 
demand for, and the supply of, energy services. Let's treat each in turn. 

I I I . E n e r g y d e m a n d a l t ernat ives 

Most of the increased demand will come from developing world. As we 
have seen in the case of China and India, the combination of high 
population growth and rapid economic development mean that 
developing countries, rather than industrialized ones, are likely to 
account for most of growth in energy demand over next several decades. 
A recent report on the fusion energy program by the President's 
Committee of Advisors on Science and Technology (PCAST) recounted 
that most long-range projections of world energy demand show it 
reaching 2-3 times 1990 levels by the middle of next century, with the 
lower end of this range being an extremely optimistic projection requiring 
linprecedented priority to energy efficiency. 

This point is made quite clearly in the following figure. (See Figure 2.) 
The first pair of bars shows energy consumption by the world in 1992, 
measured in units of quadrillion BTU, or "quads." (50 major electric 
generating stations, each with a capacity of 1000 megawatts of 
electricity, typically generate about one quad per year of electricity.) On 
the left is energy consumed by the OECD countries (the developed world); 
on the right are everyone else (the developing world). Note that OECD 
consumes more energy, even though about 80 percent of the people and 
more than 90 percent of the anticipated population growth are in non-
OECD countries. 

The middle pair of bars shows a hypothetical projection for what OECD 
and non-OECD energy consumption would be in a world with twice the 
present population, if the ratio of energy consumed per capita (i.e. the 
product of the second and the third terms of the equation above) does 
not change. Much greater population growth in the non-OECD countries 
causes the non-OECD energy consumption to exceed the OECD total, 
even at much lower rates of energy consumption per capita. 

hook, however, at what would happen if we realize the goals of 
international development and equalize the energy used per person at 
1992 OECD levels everywhere in the world. Doubling the population is 
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reflected in an astonishing increase in worldwide energy consumption as 
shown in the third set of bars. Without greatly improved technologies for 
both energy consumption and energy generation, the environmental 
costs of such growth would be staggering. 

Fortunately, technology has dramatically improved the efficiency of 
energy use and substantially decreased the amount of energy it takes to 
produce a unit GDP, and further gains are expected. I should note that 
the work of the Department of Energy in this area has made important, 
but largely unrecognized contributions. A task force chaired for the 
Department by Daniel Yergin documented that $1.1 billion of DOE 
investment in energy-efficient industrial technologies over past 20 years 
has yielded $2.5 billion in energy savings and productivity gains. The 
savings from these investments are accumulating at an increasing rate, 
and will reach $10 billion annually by the year 2000. 

Focused efforts can have a big payback. Some 80 percent of the energy 
consumed by the U.S. manufacturing sector goes to the seven most 
energy-intensive industries. These seven industries -- aluminum, 
petroleum refining, chemicals, pulp and paper, glass, and metal casting -
- also generate 90 percent of the industrial sector's production of 
hazardous waste. Lowering energy used and pollution created by these 
industries is not only important for the U.S. but for the global economy, 
as developing nations often turn to these same energy-intensive 
industries for their economic growth. 

Immediate efficiency measures that can be taken in all nations include 
the use of more efficient motors and other electrical devices, computer 
controls, and cogeneration. Recycling materials can return substantial 
savings in energy. 

If we paid the ful l cost of energy in this country, greater efficiency would 
be even more attractive. But the United States seems peculiarly unable 
to capture the full costs of energy use in the price signals provided to the 
consumer. Unlike the other G-7 countries, the United States makes no 
attempt to recover the costs of securing access to Middle East oil 
supplies, or to provide more accurate price signals to consumers that 
would encourage appropriate improvements in fuel efficiency or 
reductions in miles driven. In at least one respect, that leaves us the 
most undertaxed nation in the world. Pricing oil at its true cost would 
make a great contribution toward the more efficient use of energy in the 
United States. 
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One of our principal efforts towards long-term savings in liquid fuel in 
the United States is the Partnership for a New Generation of Vehicles, or 
clean car initiative. This is a cost-shared research and development 
partnership between the auto industry and suppliers and a half-dozen 
federal agencies. The technological goal—as tough as putting a man on 
the moon~is to develop within ten years a manufacturable, saleable car 
with three times the efficiency of today's automobiles and very low 
emissions, but with no sacrifice in cost, comfort, or safety. 

The global benefit to societies of such a car would be significant, 
including less dependence on oil and lower emissions of greenhouse 
gases and other pollutants. For the United States, such a car could have 
tremendous export potential, in addition to the domestic market, creating 
a wealth of new jobs. This is the type of partnership between the 
government and industry that has paid off so well in the past in areas 
such as aerospace, biotechnology, medicine, and agriculture. 

Opportunities for improvements in residential and commercial building 
energy use continue to emerge in the improved efficiency of appliances 
^nd the design of the building envelope and building controls. Although 
we are making good progress from individual appliances to the building 
system, there is much work that needs to be done at the level of the 
community. 

One small example: many cities have dark surfaces — such as roads, 
roofs and parking lots -- and present little vegetation, creating "heat 
islands." This effect can cause the temperature of a city of a city to 
increase as much as 5 degrees. As pointed out by Charlie Curtis and Joe 
Ronim in their article in the April edition of the Atlantic, a relatively small 
investment in developing and deploying highly refiective roofing and 
paving materials, together with planting shade trees, could help 
eliminate this 5 degree increase in the Los Angeles area, reducing annual 
air conditioning bills by $150 million. Also, because smog formation is 
temperature-sensitive, this cooling would reduce smog concentrations in 
the Los Angeles area by 10 percent, which would be comparable to 
removing three quarters of the cars on the road. Health related benefits 
in that areas could be worth $300 million per year. 

If these techniques were applied nationwide, more than $10 billion of 
energy could be saved annually. 

Let me add here that we cannot expect financially strapped city or state 
governments to shoulder the investments required to develop and test 
such materials, modest as those costs may be. For the same reason, the 
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manufacturers of paving materials cannot expect to recover the costs of 
these developments by charging more to their municipal customers. If 
the public sector does not support this work, it is unlikely to be done. 

IV. Energy supply alternatives 

Let me" now turn to the fourth term in the Holdren/Erhch equation - the 
one representing the pollution costs of various sources of energy supply. 
Looking ahead to the year 2050, the PCAST fusion panel concluded that 
the energy options available in that year will be those already in use -
fossil fuels, nuclear fission, and renewable sources - with the possible 
addition of nuclear fusion. Each of the options in use likely to play a 
role; each has potential for improvement; each has shortcomings and 
limitations. 

In 1992, the Intergovernmental Panel on Climate Change issued six 
alternative future energy scenarios. 1 have illustrated one possible mix of 
energy sources in the future that assumes no concerted policy effort is 
rhade to reduce CO2 (Figure 3). Oil and gas production peak in the early 
part of the next century and then drop off, with gas declining markedly 
by 2100. To this add a modest hydropower contribution; a steadily 
increasing supply of nuclear power, and contributions from solar power 
and biomass that become the second and third largest sources of supply. 
By far the greatest reliance, however, is made on coal - one of the dirtiest 
fuels, and emitter of the most carbon dioxide per unit energy produced. 

In the interests of time, let me concentrate today on nuclear fission and 
on renewable energy sources and only make the briefest comments about 
oil, gas, and coal. 

Oil . The preponderance of estimates indicate that world crude-oil 
production will begin to fall early in the next century - i.e., within years, 
not centuries. Even enormous (and unlikely) increases in estimates of 
total recoverable oil buy little more than another decade. At first glance, 
this conclusion - drawing on work of Jim MacKenzie at the World 
Resources Institute - may seem like just another "Chicken Little" 
warning of the type that has proven premature many times in the past. 
However, the underlying evidence appears to be far stronger now than 
ever before. We know much more about petroleum geology than we used 
to; enough to be quite skeptical that new, major oil-bearing regions (with 
the capacity of the Alaskan fields or greater) remain to be discovered. 
Indeed, according to the US Geological Survey, the global discovery of 
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new giant fields peaked 30 years ago. Of course, enormous deposits of 
hydrocarbons remain, including coal, oil shale, and tar sands — but 
facilities for making synthetic fuels from these resource are costly and 
environmentally dubious, especially from a CO2 perspective. 

Gas. Natural gas is often referred to as a "bridge" fuel that will help ease 
us from the age of fossil fuels to one of renewable energy. The cleanest of 
the fossil fuels in terms of air pollutants and CO2 emissions, state-of-the-
art jet engine technology has been adapted to produce high efficiency gas 
turbine generators that are close to 50% efficient at turning chemical 
energy into electricity. Compare this to conventional coal-fired plants, 
which are closer to 33% efficient. Significant supplies of gas are widely 
available in most parts of the world - although, like oil, the richest 
deposits of gas are distributed quite unevenly. 

Coal. Coal currently accounts for some 30% of all fossil fuel use. A 
sufficient resource base is available to take over the share now borne by 
oil and gas, and even to allow for considerable growth throughout the 
entire next century and beyond (as shown in Figure 3). However, it is 
dirty, inconvenient, and expensive to convert to liquid or gaseous fuels. 
For environmental reasons, we may wish to constrain coal and other 
fossil fuel use to below today's levels. 

Nuclear fission. Nuclear fission now supplies about one-sixth of world's 
electricity. A quadrupling of nuclear capacity would be required to take 
over the share of electricity now generated from fossil fuels as well. 
Reliance on fission, however, is subject to a number of uncertainties. 
Even if prices become attractive, will utilities, regulators, and the public 
be confident that reactor safety, nuclear waste management, and 
proliferation concerns will be satisfactorily managed? This question is, 
as yet, an open one. 

Even in the event that we become much more dependent on nuclear 
fission, there remains no foreseeable need to reprocess and burn 
plutonium. As you are aware, nuclear power plants generate energy 
largely from splitting the uranium-235 isotope, which comprises only 
0.7% of natural uranium. When uranium was thought to be more 
scarce, and the demand for electricity was projected to be much higher 
than it has in fact turned out to be, it was assumed that the next 
generation of nuclear reactors would be breeder reactors. Breeders burn 
uranium and plutonium, which they themselves manufacture from the 
uranium-238 isotope that is largely untapped in present-day reactors. 
Switching to breeders would extend the uranium resource base by 
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roughly a factor of 1,000: a factor of 100 representing the much greater 
abundance of uranium-238 compared to uranium-235, and an 
additional factor of 10 representing the much wider uranium resource 
base that can be mined economically if both isotopes of uranium were 
valued. 

However, large-scale use of plutonium would require the separation, 
shipment, and use of many thousands of bombs-worth of plutonium, 
raising serious nuclear prohferation risks. It is absolutely clear that 
reactor-grade plutonium can also be used in nuclear explosives, even 
with simple technology such as was used in the Trinity device. Plutonium 
also incurs additional environmental and safety risks, and is vastly more 
expensive than reliance on once-through use of uranium fuels, in today's 
world awash in cheap uranium. In the late 1970s, the United States 
decided to forego this route. Even with vigorous growth in energy 
demand, we will be able to continue relying on uranium-fueled reactors 
used in a "once-through" fuel cycle in which spent fuel rods are 
considered as waste, rather than mined for the plutonium they contain, 
for decades to come. 

A 1993 study by the Organization for Economic Cooperation and 
Development indicates that 3 million tons of uranium are recoverable 
from known deposits at a cost of $130/kg or less. (By comparison, 
today's spot market price of uranium is $25/kg. Note, however, that 
given the large capital cost of a nuclear generadng station, the cost of 
electricity is not very sensitive to the cost of the uranium fuel.) Adding 
other high-grade resources whose recovery costs have not yet been 
assessed, together with estimates for undiscovered deposits, the study 
concluded that uranium resources total some 20 million tons. And vast 
new deposits have been discovered since then. To all this we could add a 
huge unconventional resource base, ultimately including uranium 
dissolved in seawater, which some estimates suggest is recoverable at 
about $330 / kg. 

Therefore, there is ample uranium -- without the need for reprocessing 
plutonium - even for the "high-growth, high-nuclear" energy scenario 
developed by the Intergovernmental Panel on Climate Change, which 
envisages a cumulative consumption of 5 million tons uranium by 2050 
and 17 million by 2100. At that time, world nuclear capacity would have 
grown to 9 dmes its current value. Should the breeder reactor be needed 
in the future, there is plenty of time to develop it, and vast stocks of 
plutonium that accumulate in the spent fuel from civil reactors could be 
available to be used at that time. For now, even if plutonium were free, 
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making fuel from it would be so expensive that it cannot compete in the 
commercial market. If you're not smuggling it, there's no money to be 
made in plutonium. 

For all these reasons, we believe there is no need to stockpile surplus 
weapon plutonium for possible future use as a fuel. Instead, it should be 
disposed of as soon as practicable. The United States government is 
exploring several technical approaches to this problem, including using it 
on a "once-through" basis as fuel in existing reactors or mixing it with 
glass and high-level radioactive waste for eventual disposal. Getting rid 
of this material is important to international security, both to prevent 
proliferation and to ensure the irreversibility of nuclear arms reductions. 
We made major progress in this area at the recent Moscow summit. 

We expect to make a decision by the end of this year regarding the 
disposition of our own excess plutonium inventory, and we are working 
with the Russians to develop options they can implement as well. 
Disposing of this material will cost hundreds of millions or biUions of 
dollars — a cost that should be seen as an investment in security, just as 
t^e cost of producing it once was seen. 

Fusion. Research into nuclear fusion is important as a long-term hedge 
against the unacceptability of fission power, since it potentially has 
significant advantages over fission in terms of environmental and safety 
issues, resource availability, and proliferation potential. The United 
States is continuing to participate in the engineering design phase of 
ITER, the International Thermonuclear Experimental Reactor. 
Nevertheless, we are billions of dollars and many decades away from an 
operational fusion reactor. 

Renewables. The long-term prospects are bright for renewable sources 
of energy, but their major contribution is still in the future. Low-tech 
applications of biomass -- in the form of fuelwood, charcoal, and dung --
even now supply some 20% of the world's none/ec^nc energy 
requirements. However, the contribution from these traditional sources 
of biomass energy will decline, not increase, as societies develop. 

Only a bit over 1% of world electricity generation today comes from 
biomass, wind, and solar. New technologies can boost the contribution 
of renewable energy sources to electricity generation. 

Under some extremely optimistic estimates of society's ability to lower 
overall energy demand through increased efficiency, coupled with equally 
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heroic investments in renewable sources of energy, the 
Intergovernmental Panel on Climate Change developed a scenario 
whereby renewables supply all new energy requirements after 2050. 
Even this highly ambitious proposal, however, confirms that renewables 
will not be able to displace exisdng demand for fossil fuels unti l after the 
middle of next century. 

Nevertheless, renewable resources will certainly be a part of the energy 
mix by that time. One of two planning scenarios produced by Royal 
Dutch Shell concludes that renewables may make up to one-third the 
supply of new electricity - as opposed to new energy requirements of all 
forms - within three decades, even if fossil fuel-produced electricity 
continues to decline in cost. 

Technologies supported by the Department of Energy have great 
potential in this area. For example, in 1994, research sponsored by DOE 
led to the creation of a genetically engineered organism with an enhanced 
ability to ferment cellulose into ethanol. Through this work and other 
federally supported research, the cost of producing a gallon of ethanol 
has been lowered from $3.60 fifteen years ago to about $ 1.00 today. Five 
to ten more years of biofuels R&D investments at the current level could 
lead to ethanol production from wastepaper, fuel crops, and crop waste 
at $0.60-0.70/gallon (see Figure 4). 

Windpower, now contributing less than one tenth of a percent of world 
electricity, can be cost-competitive with coal and nuclear generation at 
sites with good wind resources. The cost of wind-generated electricit\' 
has been cut in half since 1985 by dramatically improving the 
performance of wind technology (Figure 4). Ten million turbines of the 
size that appears to be most economic -- 300 kW (about I /3000th that of 
a typical fossil or nuclear plant) -- would be required to generate as 
much energy as fossil fuels generate today (using wind conditions that 
are available are good sites, but by no means all sites). 

The two solar technologies most likely to be applied at large scale are 
solar thermal (which concentrates solar radiation to produce heat, using 
that heat to generate electricity) and photovoltaic (which uses 
semiconductors panels to convert light energy directly to electricity). 
Photovoltaic technology has progressed dramatically since the early 
1980s, with the price of photovoltaic-produced electricity having 
decreased by a factor of two to four in the past 10 years. It is still, 
however, considerably more expensive than wind energy. Generating 
photovoltaic electricity equal to the amount now generated through fossil 
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fuels would require solar installations covering roughly 5% of the 
urbanized area of the planet. Solar thermal installations would require 
some half that area. 

Hydropower. In terms of electricity, hydro supplies one-third the 
contribution of fossil, about equal to nuclear. Untapped hydro potential 
may total 2-3 times what has been harnessed to date. Most remaining 
sites, however, are less convenient or more costly to tap than the ones 
utilized so far, and there will likely be objections to developing them on 
environmental grounds or due to impact on the local populations. 

V. Policy Challenges 

"If we want a higher standard of living, does that mean we have to settle 
for a lower quality of life?" We need to increase the availability of energy 
services--which reasonably equate with wealth--without commensurate 
increased in resource fiows, particularly fossil fuel resources. 

Udo not see any magic bullets. New technologies can, however, 
contribute. Scientific research and advancing technology have markedly 
improved the efficiency of energy use and substantially decreased the 
amount of energy it takes to produce a unit of GDP. This is good for the 
economy and for the environment. Abundant sources of clean energ}' 
and efficient use, after all, mean the difference between wealth and 
poverty, and between a clean world and a dirty one. 

Although there is much to be done in the United States, we cannot meet 
these challenges alone. The costs are more than we can commit and the 
scope more than we can influence directly. Only by engaging with other 
nations will we be able to influence the global response that will be 
needed. Close cooperation allows us to share the investments needed for 
high energy efficiency as well as the costs of developing new energy 
sources such as fusion, reach the vast populations of rapidly developing 
nations, and expand opportunities for new export markets for our energy' 
technologies globally. 

Achieving true sustainable development will take a combination of 
technology, economics, and governance to meaningfully influence energy 
demand. And economically efficient energy transitions take decades, so 
we must choose our course now. 
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AAAS Policy Colloquium 
April 17, 1996 

Washington, DC 

"SCIENCE IN THE AGE OF POSSIBILITY" 

Thanks very much for inviting me again this year to the AAAS Policy Colloquium, a 
chance for us to collectively think, discuss - sometimes debate - and then arrive at 
consensus on how best to harness the enonnous potential of the American R&D enterprise 
for the benefit of all Americans, and of the world. 

Today, I cannot help but observe that we have lost one of the most articulate and 
gifted of the thinkers, discussants, and debaters among us -- Secretary Ron Brown. Over the 
past two somber weeks, much has been written and said about the enormous impact Ron had 
in redefining the role of the Department of Commerce, in fostering American business 
ovetSea.s, and of building a spirit of can-do competitiveness in industries here at home. It 
remains for us here to eulogize him for another set of accomplishments entirely -- he was a 
tireless advocate of the role of technology and the science that supports it, a gifted 
intellectual entrepreneur who was able to focus our attention and our research investments on 
technologies that would bring the greatest good to the greatest number of people. His 
thoughtfulness, eloquence and passionate belief about what was the right thing to do often 
carried the day. 

And that may be Secretary Ron Brown's greatest legacy -- he was a consummate 
bridge builder, a forger of consensus and a person deeply committed to public service. He 
never losl sight of what we have in common even when we were in the midst of our most 
heated battles. We all will miss his temperance, his energy and can-do philosophy, and his 
greatness of spirit as we go forward together -- regardless of party or disciplinary affiliation -
- into the 21st century. 

In that vei_n, let m~_1>egin ·our_-discusslon today by reaffirming that -- hard· as the last 
year has been -- still we have reached important common ground between Congress and the 
Administration on a number of key issues. We arc jointly committed to continue the 
President's historic string of deficit reductions to balance the budget by the year 2002, and 
this will be is a tremendous accomplishment for the nation. And today, the Congressional 
Budget Office certified that the President's budget balances in 2002, which the Office of 
Management and Budget-had previously certified_ It is the first time in 17 years that a 
President's budget balances based on both Administration and Congressional estimates. 
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In science, too, we have found common ground. The nation's flagship agencies of 
fundamental research, the National Institutes of Health and the National Science Foundation, 
enjoy broad bipartisan support. And a similar bipartisan consensus seems to exist for making 
sure that America is second. to none in science and technology as we head into the 21st 
century. Given these successes, doesn't it seem reasonable that we could come together on 
the issues that still divide us? I remain hopeful that we can. 

Support of science and technology is a priority dear to the heart of the President. 
That's why. he fought for four budgets in a row that increased spending on civilian R&D 
while simultaneously cutting the annual deficit in half. That's why he kept R&D on the table 
through the past six months of budget negotiation with the Republican leadership. 

He didn't have to fight for R&D; he has no compelling political motivation to do so -­
it's not as though the White House West Wing is filled with scientists, or that science 
lobbyists are jamming the halls of the Old Executive Office Building. Nor is it the case that 
the scientific community has the deep pockets or voting blocs that tum elections. The 
President simply believes that we must invest in science and technology for the good of the 
country, for the sake of enabling the bright future we desire to become a reality. He's right, 
of course -- and he has set in motion the kind of positive changes that will ensure that these 
investments yield their extraordinary promise, revitalizing Federal government to make it 
more responsive and cost less, promoting public-private technology partnerships to maximize 
ta.xp~yer-funded research, and cutting red tape and regulation to free up private enterprise 
and capital. 

In President Clinton, the nation has a bold vision of the real future, a future in which 
the fruits of science and technology are accessible to all Americans. A future in which 
business, government, and universities pull together and form innovative alliances to learn 
how the universe works and how to protect and improve the quality of our lives. 

The Emerging Budget Picture 

What is at issue today is NOT the President's commitment to science and technology 
-- that commitment is clear. He's demonstrated it four times over, most recently with the 
budget released last month for FY97. This budget increases federal civilian S&T funding 
as traditionally defined by more than $1 billion over 1996, and pegs total federal R&D 
spending at roughly $73 billion. These increases for FY97, however modest, represent 
real commitment, coming as they do in the face of a falling nondefense discretionary budget. 

Nevertheless, 1 am sensitive to the needs of you Missourians in the crowd today who 
need to be shown rather than just told. For you "Show-Me-State" citizens, let me remind 
you that the President's FY97 budget boosts funding for research. The budget proposes 
$14 billion for fundamental research, an increase of $278 million (2 percent) over 1996. 
This includes, for example, a 4 percent increase for the National Science Foundation on the 
civilian side, and maintaining our defense-related fundamental research activities. 
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Moreover, the President's FY97 budget invests in technologies to create new jobs 
and new industries. We've boosted investments in critical technology initiatives like the 
Advanced Technology Program (ATP) at the Department of Commerce, which gets a 15 
percent increase over last year, as does the Commerce Department's Manufacturing 
Extension Program, which -- in partnership with state governments -- helps small busine5ses 
take advantage of new technologies to make them more profitable and more competitive 
against their global competitors. There are increases for computing and communications 
research (up 3 percent), breakthrough technologies for clean cars (up 5 percent), and new 
building and construction technologies (up 20 percent). Also included in the portfolio of 
programs that directly support economic growth are full funding of information technologies 
to make our roads and highways safer and less crowded, including a $337-million program 
of new technology partnerships aimed at the 75 most congested urban areas in the U.S. 

The President's FY97 budget invests in 21st-century education. Information 
technology has revolutionized America's businesses, but largely bypassed its classrooms. In 
too many areas of the nation, we are entering the 21st century with educational technologies 
designed for the schoolrooms of the 1800s. This budget contains a down payment of $250 
million on a new, $2-billion, 5-year program that challenges state and local governments to 
invest in educational technology in schools in partnership with business. The 
Administration's overall support for educational technology research goes up by 9 percent. 

t The President's FY97 budget provides increased support for health and safety 
research. The budget for the National Institutes of Health (NIH) contains a 4-percent 
increase that includes increases for research on HIV/AIDS-related illnesses, breast cancer and 
other women's health issues, minority health initiatives, gene therapy, and advanced 
communications technology to improve health-care delivery. The FY97 budget also fund_s a 
new NIH Clinical Research Center, a state-of-the-art research facility that will help bring 
new medical technologies from the laboratory bench to the patient's bedside. 

Human safety also is the hallmark of programs at NOAA to modernize outmoded 
weather service and satellite systems, saving lives by providing earlier and better warnings of 
severe weather and natural disasters. New transportation technologies supported by the 
President's FY97 budget to increase safety and effectiveness could save countless lives each 
year with safer cars, better airplane navigation, and improved train safety, among others. 

The President's FY97 budget increases funding for environmental research. This 
budget continues to invest in critical environmental research needed to provide clean air, 
pure water, and safe food. The FY97 budget allocates $5.4 billion (a five percent increase 
over FY96) for a broad environmental research agenda, including $I. 9 billion (8 percent 
increase) for understanding and predicting global climate change and its consequences for 
human health, food production, and ecological systems. Over the past few years, we have 
learned much about climate change and can focus our attention on the key science questions 
of mitigating and adapting to climate change. This research will address those questions. 
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The FY97 budget also supports research into new environmental technologies to 
provide better environmental protection at lower cost, while generating jobs and exports. It 
includes $72 million for the Environmental Technology Initiative -- a partnership between 
industry and government -- as part of a total of $127 million for all of EPA's environmental 
technology efforts. We have also increased solar and renewable energy programs at DOE 
by $88 million to provide clean energy sources for the 21st century. The budget proposes 
$133 million more than FY96 for energy efficiency and_pollution-prevention R&D critical to 
the Administration's climate action plan, for a total of $551 million. 

The budget sets aside $115 million for the STAR Program (Science To Achieve 
Results), a 21-percent increase over 1996 for this merit-reviewed EPA program that awards 
research grants for promising new environmental research, some in collaboration with other 
agencies such as NSF. 

The President's FY97 budget continues the President's strong support for the 
Space Program. The budget continues level funding for the International Space Station at 
$2.1 billion; a strong commitment to Mission to Planet Earth at $1.4 billion; a $549- million 
investment in smaller, less costly but more capable spacecraft for space science; and $266 
million for developing a Reusable Launch Vehicle program. 

The President's FY97 budget supports research and technology needed to 
main/ain the security of our nation. This budget maintains spending on basic defense 
research at last year's levels, even as other parts of Defense's budget have declined. 
Through innovative programs such as the Dual Use Applications Program, funded at $250 
million, we leverage federal funds with private funds to benefit both our military and civilian 
needs. These funds are the wellspring for the advances of tomorrow that will be needed to 
ensure that the United States continues to hold a commanding lead in defense technology. · 

America has no higher security priority than ensuring that rogue nations and terrorists 
don't acquire weapons of mass destruction. Tomorrow, the President flies from Japan to 
Moscow to meet with President Yeltsin and other leaders to strengthen nuclear safety and 
security, focluding the security of fissile materials. Last year's Tokyo subway nerve gas 
attacks are a chilling reminder of what is possible, but imagine what might have been if that 
cult obtained plutonium and fashioned a crude bomb. The FY97 budget provides $327 
mi II ion, IO% more than last year, to Russia and others to disman tie and destroy nuclear and 
chemical weapons and secure fissile materials that could be used to develop bombs. 

As we left the Cold War behind in 1993, we decided to forego further nuclear testing. 
President Clinton's 1995 announcement to pursue a zero-yield Comprehensive Test Ban Treat 
is leading us into a safer world, but we still must be able to maintain a safe and reliable 
nuclear deterrent. Accordingly, the FY97 budget provides a 53 increase (to $1.6 billion) 
for DOE' s Science Based Stockpile Stewardship Program. This program underpins our 
commitment to sign a Comprehensive Test 13an Treaty this year by helping us maintain a safe 
a11d reliable nuclear deterrent without developing or testing nuclear weapons. 
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The Lure of the Future - However Grim 

At last year's colloquium, I framed my discussion in terms of what differentiated the 
new budget for S&T emerging from the new Congress from the R&D strategy outlined by 
the President and this Administration. Much of the discussion of the last year has centered 
on just what those defining differences are, and unfortunately I could probably revisit my 
speech from last year's colloquium and still find it apt and timely. Al Teich and his 
colleagues have done their usual excellent job of analyzing the President's budget request for 
FY97 and ccimparing it to the Congress' R&D funding proposals over the past year. This 
analysis reinforces my anxiety about the future of research in America and provides more 
than ample opportunity to point out the very different choices the Congress and the 
Administration would make to reach a balanced budget. 

What I'm wary of in this forum today, though, is the temptation to be drawn into 
discussion of theoretical events in a distant future -- and anyone who's ever worked on the 
Federal budget-setting exercise knows that the year 2002 might as well be a century away for 
all our ability to accurately predict the details of federal spending that far out. Seven years 
ago, for example, we were locked in a pernicious spiral of deficit spending that didn't seem 
to worry people and that looked like it would go on forever. 

Even given that history, I suspect that the discussion and coverage of this policy 
colloqtium will dwell more than it should on the long-term horizon of FY2000 or FY2002, 
despite the fact that the numbers and assumptions that might inform that dialogue border on 
the meaningless in the realpolitik of day-to-day budget negotiations. Meanwhile, across town 
on Capitol Hill, the budget committee in Congress may be set to follow last year's drastic. 
slashing of Federal R&D funding with similar draconian cuts on FY97 that will make our 
discussion of out-year budgets wishful thinking. The new House Budget Resolution is likely 
to cut substantially from the discretionary budget proposed by the President, and the long 
knives will be out in the halls of Congress for the $73 billion in R&D to make up the 
shortfall. 

Yet today, given this grim scenario, we are arguing about what science we'll be 
funding in 2002. Friends, I'm honestly much more worried about what we'll be able to do 
in FY97 than I am about FY2002. Congress still hasn't given us an FY96 budget; my 
agency, OSTP, and many research agencies are still struggling along on week-to-week stop­
gap funding agreements. Research commitments, appointments, and personnel actions are on 
hold. Widespread furloughs, layoffs, and program terminations are predicted. Morale is nor 
what I would describe as upbeat The bottom line is that we arc in the middle of a crisis this 
year and this month. I don't know what 2002 will bring -- neither does the Congress, 
neither does AAAS. 
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I'll be happy to have the debate over the oul years when we know more about them. 
What I want to focus on today is where I think we need to be at the end of 1997, and what 
we're doing to get there. And I want to point out the differences between President 
Clinton.'s commitment to science, and the seeming disdain some in Congress display for the 

- increasing knowledge base that research makes possible -- differences all-too-easily obscured 
by our obsession with numbers on a ledger sheet. 

What I want to focus on today are the two, distinctly different visions of the future of 
R&D in this country. On the one hand, the President has consistently supported the science 
and technoiogy to move us into the next century. On the other, some in Congress seem 
hopelessly mired in a Cold-War mentality, plying our military with hardware the Defense 
Department doesn't want while cutting R&D for civilian and dual-use technologies. This is a 
Congress that still talks in outmoded terms like separating basic from applied research ... that 
believes you can clearly separate the theoretical calculations and the laboratory bench from 
product invention and development...that wants to hamstring our ability to generate new 
knowledge because that knowledge may be at odds with deeply held and vigorously defended 
ideology. 

You don't have to look to the year 2002 to see these differences play themselves ou c. 
The President's budget for FY97 calls for increased investment in science and technology to 
help prepare us for an uncertain and more complex future. The Congress balances the 
budget by cutting research to finance tax cuts for the wealthy. Instead of maintaining the 
reseatrch base that has guided us to improved health and environmental protection, Congress 
walks away from decades of bipartisan support for clean air, clean water, and healthful food. 

In the Administration, we have made the tough choices to bequeath a bright future ro 
our children. We both balance the budget and protect critical investments in R&D. I 
challenge my many good friends and colleagues in Congress to do likewise. And l challenge 
you in the audience to keep this issue before the Congress in the weeks and months ahead. 

I would be remiss to suggest that the President or the Administration or Congress can 
go it alorie in supporting the research enterprise. To retain world scientific leadership will 
take more than Federal dollars. We need a NATIONAL research program, not just a 
FEDERAL research program. To that end, President Clinton has called on the government's 
key S&T partners -- the states, industry, and the universities -- to help make his vision of the 
future a reality. 

The stales have an important enabling role to play in bringing this future about. 
Over the last year, al my request, former Governors Richard Celeste of Ohio and Dick 
Thornburgh of Pennsylvania, working with the National Governors Association; the National 
Conference of Stale Legislatures; the Carnegie Commission on Science, Technology, and 
Government; and the American Society of Mechanical Engineers, formed the State-Federal 
Technology Partnership Task Force to recommend ways to improve State-Federal technology 
partnerships, with particular emphasis on ways to stimulate economic growth. 



I believe that the report issued by that task force contains important recommendations 
for strengthening our national science and technology system -- recommendations that the 
Administration is eager to work jointly with our nation's Governors to implement. 

At the heart of those recommendations is the need for a mechanism to bring state 
government leaders -- governors -- together with Federal government leaders to develop and 
implement a better-integrated science and technology strategy in order to improve economic 
growth and achieve other critical national goals. I have asked the Chairman of the National 
Governors Association to work with the Administration to convene at the earliest opportunity 
a meeting o( governors and Federal leaders to agree on such a structure and move it forward. 

Likewise, our colleagues in industry will continue to be crucial partners in the R&D 
enterprise of the future. Just last week, the Council on Competitiveness released a report on 
the future of support for science and technology that calls not only for strong support of 
science, but also for greater reliance on the kinds of research and technology partnerships 
like ATP, TRP and the Partnership for a New Generation of Vehicles that President Clinton 
has advocated -- often over strong objections by Congress. With this kind of affirmation 
from the private sector for the role of the Federal government in sparking innovation and 
priming the research pump, we will redouble our efforts in Congress to obtain support for 
these key partnership programs. 

The Council's report also calls for a national summit on R&D funding, a dialogue 
that w~uld include the science and technology stakeholders. I strongly support this 
recommendation, and have told my friends at the Council to count on us to participate. In 
the meantime, I hope to meet with key industry, university, and state and local government 
leaders across the nation for regional dialogues on R&D funding. 

Critical to the success of any plan for the future of R&D funding is the role of the 
universities in supporting research and technology. America's system of research universities 
is a priceless national resource and the envy of the world. It produces the most talented 
scientists and engineers in the world by emphasizing rigorous merit review of research linked 
with strong graduate education programs in a setting of innovation, inquiry, and 
entrepreneurism. As funding priorities are set across the scope of the Federal budget, and as 
tough choices are made to reach a balanced budget, our commitment to the federal 
government's partnership with our nation's research colleges and universities will be upheld. 
For FY97, we are proposing to increase university-based research by more than $250 
million to total $13 billion. 
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Science in the Age of Possibility 

Our willingness to adapt to new and changing environments -- even when it's painful 
-- is a hallmark of lhe American people. We are tinkerers, and fixers; improvers and 
builders. We are a bold and innovative people. We are visionaries and pragmatists. We are 
inventors every one -- and today we are inventing America's future in this room, in every 
laboratory, every classroom and every boardroom across the country. 

Even though it is easy for all of us to obsess over shrinking federal R&D budgets, it 
is important·that we keep in mind what can be accomplished with the resources that we have 
available. As the President said in his State of the Union address: 

"We live in an age of possibility. A hundred years ago, we moved from Jann to 
factory. Now we move to an age of technology, infonnation, and global competition. These 
changes have opened vast new opportunities for our people, but they have also presented 
them with stiff challenges." 

To meet these challenges, we will rely on the fruits of our S&T investments. 
Advances are occurring at unprecedented rates across many disciplines of science and 
engineering. So there is every reason to believe that the historic, extraordinarily high rates 
of public return on our research investments can continue in the future. As disciplinary 
barriers come down, there will be increased opportunity for interdisciplinary cooperation, 
makink possible new approaches to old problems. For example, as biologists, chemists, and 
engineers tackle tough pollution cleanup and containment problems, cost effective 
bioremediation technologies are being developed. As neuroscientists, using increasingly 
sophisticated imaging technology, develop a better understanding of the brain, behavioral 
scientists will be able use this information to enhance our understanding of learning and 
applying it to early-childhood development and education. 

Expanded international cooperation on large projects will help the United States 
continue to push the frontiers of science. International cooperation is commendable and 
salutary in its own right; science has always operated in a world without borders. But 
budget pressures amplify our need to pool resources and work together even more closely 
with our international partners. U.S. participation in the Large Hadron Collider project at 
CERN will lead to new insights on the composition of matter. International cooperation on 
sequencing the human genome will greatly accelerate completion of this important biomediC<ll 
project. Other examples of successful international efforts include the multinational efforts in 
space to enable further advancement of science and exploration, and our work with the 
OECD Megasciencc Forum explores new models and approaches to international 
cooperation. We must nurture these arrangements, learn from them, and seek out similar 
opportunities. 



Scientifically, these are- exciting times that hold much promise for remarkable 
discoveries. Even under the present and foreseeable tight budgetary conditions, our funding 
priorities arc set to maximize the scientific return on our R&D investment. I am inspired by 
the creativity already evident in meeting the challenge of doing more science with less 
money. Necessity is the mother of invention. We can make striking progress even under 
the constraints of a negative-sum dollar game -- by streamlining, triage, and the kind of 
entrepreneurial ingenuity that is such a strong suit in America. When one asset falls short in 
the human enterprise, others find fuller use. For organizations as well as individuals, change 
- even seemingly adverse change -- can be a productive force .. 

That's how at NASA, Dan Goldin aims to help astronomers break one riddle of the 
universe after another using smaller, cheaper, and more sensitive equipment. Consortia like 
the Partnership for a New Generation of Vehicles are making extraordinary strides in 
boosting fuel efficiency while retaining automotive safety and ease of use. Using electronic 
communication to cut red tape and redundancy at NSF and NIH is adding weeks of 
productive research time to the calendars of scientists who once spent too many days fine­
tuning grant proposals. The Global Positioning System -- the subject of a recent review and 
policy directive from the President that accommodates the needs of both civilian and defense 
users -- is making commercial air flight safer and less expensive. 

But I'm a pragmatist, too. I know how hard and how abrupt must be our course 
changes in science and technology funding over the coming years. But I also know how 
resiliept we are, how innovative and how spirited. I know how much progress we've already 
made. It is faith in the community of scientists and engineers, and in their inexhaustible 
creativity, that girds my hope for the future and that can sustain us as we approach the new 
millennium. 

I expect to be here -- in the audience, if not at the podium -- in the year 2001. I'll be 
happy to take your questions then about FY2002. Meanwhile, let's focus on continuing our 
work to raise awareness and appreciation about the central importance of science and 
technology to our future. 

# # # 
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The Challenge of Global Change and Sustainable Development 

We live in a natural world that is constant, yet always changing, a world of mysterious 
cycles and unheralded events. Throughout human history, and even today, humans spend a good 
deal of time observing, speculating, researching, and interpreting the causes and meaning of these 
events and cycles. The most obvious examples are the seasons and the weather, whose seeming 
regularity is in itself reassuring. For the United States, the Santa Anna winds blow every year, 
and the hurricane season always spans late summer and fall. The summer brings thunderstorms 
to the desert Southwest as surely as winter blizzards blanket Canada with snow, and the swallows 
always come back to Capistrano. 

In contrast, the suddenness of events like volcanic emptions and earthquakes shocks and 
disturbs us. More gradual, yet profound, changes in natural processes and features that seemed 
comfortably constant also concem us. The retreat of alpine glaciers and the bleaching of coral 
reefs are occurring all over the world today. The devastating impacts of the collapse of sardine 
fisheries off of Califomia, and decades later, off Pern signaled powerful, unknown forces at 
work. Perhaps the most unsetding is a significant change in the cyclical events to which we are 
accustomed. Loss of the autumn salmon mn. Years of painful drought following close on the 
heels of years of steady, regular rainfall. Yet some events, however unpredictable from year-to-
year in the past, appear-when they do~at the same time of year: hence "El Nino". 

Such disconUnuities and changes have often been seen as warnings, and omens, signs of 
things to come (mostly unwelcome). And they often were. But I think one of the most troubling 
aspects of such changes in the past was that people often didn't understand enough about why the 
changes were occurring to be able to predict them accurately, and thereby to adapt. Fortunately, 
over time we have learned a lot about the workings of nature. Perhaps Albert Einstein said it 
best when he noted that "the remarkable thing about the universe . . . is that it appears to be 
understandable." Our increased knowledge of the world in which we live, ofthe Earth system, is 
one ofthe most significant products of the scientific endeavor and has enabled humankind to 
accomplish things beyond even the dreams of fabled King Croessus. 



hi fact, it is no exaggeration to state that Uie advance of Uie Earth sciences during die last 
thirty years has dramatically revolutionized our understanding of our planet and of the forces that 
affect the environment within which we live. The recently coined term "Eeirth system science" 
indicates some of what has occurred. The advent of Earth observing satellites has given us the 
ability to monitor in exquisite detail the entire Earth, to measure global-scale processes and their 
interactions. And let us not forget as we wrestle with the rich complexity of the biosphere, that 
simply seeing pictures of the Earth floating in space changed people's point of view forever. We 
have become part of one interconnected world, one space-ship for all of us. Our generation has 
come to realize that we all are deeply dependent on our environment and on each other, and that 
the environment, from local to global, is increasingly affected by human activities. 

Advances in computer and communications technologies permit us to gather and analyze 
data from many different sources, and have contributed to the creation of virtual institutes that 
extend across multiple nations, yet are closely collaborating on all kinds of research. The 
traditional Earth science disciplines have advanced and interdisciplinary research has become 
increasingly necessary to unravel complex phenomena, such as the causes and consequences of 
climate change. 

It is instmctive to think of the various processes and components of the Earth system like 
the pieces of a puzzle. As we discover the pieces and leam their characteristics and how they are 
conneĉ ted and proceed to assemble them, a larger picture emerges. Through advances in Earth 
system science, we are creating a picture of reality that is more complete, and this is a valuable 
and worthwhile pursuit just for its own sake. But knowledge can be a many-splendored thing; 
there is also a practical side to this activity, a deeper utility. A more complete understanding of 
the environment in which we exist can guide us in addressing some of our greatest common 
challenges, help us use the planet's resources more effectively; and, also enable us to anticipate .. 
. and thereby avoid or mitigate the impacts of unwanted change. 

We live in a world of great contrasts. Even though millions of people around the globe 
enjoy a prosperity unmatched in all of human history, more than one billion of the Earth's 
citizens live in abject poverty, and roughly two billion people lack access to basic sanitation. 
And even though some parts of the world have witnessed significant progress in protecting the 
natural environment, we know that we face critical and worsening problems such as air and water 
pollution, degraded forests, declining fish stocks, and the loss of biodiversity. 

If we can not leam how to reconcile the economic and environmental needs of today's 
population, it will be impossible in coming decades as worid population continues to climb 
dramatically. The 5.6 billion people on the Earth today may all-to-soon become 10 billion. 
Health, economy, and environment are linked with population. Better understanding of our 
environment is necessary to allow us to protect human health, to have sustainable economic 
growth, and to continue to improve our quality of life and that of the rest of the planet. These 
things cannot be separated. 



At Uie nexus of science and policy is an understanding of die Earth's carrying capacity 
and our shared efforts to revise man-made economic systems, such as the market system, in order 
to be capable of thnvmg within die parameters of the physical Earth system. And, of course it is 
only Uirough developing and refining our understanding and technologies that we can assure 
sustainable development. It is only by making development sustainable that we can assure well-
being and livelihood - food, water and health - for all the worid's people down Uirough die 
generations. Most fundamentally, we require knowledge. 

The thoughtful application of knowledge can help us ameliorate today's environmental 
problems, and prevem those of tomorrow. We have successfiil examples to inspire us. Consider 

'̂ ase of stratospheric ozone depletion, of which we are all so vividly reminded by its 
recognition in Uiis year's Nobel prize for Chemistry. All of us, and more importantly, our 
children and grandchildren, are safer because of the research of two Americans, Mario Molina 
and F. Sherwood Rowland, and a Dutch citizen, Paul Cmtzen. They predicted that industrial 
chemicals would deplete die Earth's stratospheric ozone layer that protects us from the damaging 
ultraviolet radiation that causes skin cancer and may also be an important factor affecting other 
areas of biological productivity. 

Their groundbreaking study of atmospheric chemistry was verified and proven by die 
work of other scientists using ground-based, aircraft, and satellite measurements, together with 
laboratoiy studies and theoretical models. The scientific community worked together to produce 
a tremendous advance in our understanding of atmospheric chemistiy. But the story docsn\ stop 
here. The results mattered to more than the science community. They led to a global agreement 

to ban the production and use of man-made chemicals that are at the heart of the situation Thus 
a problem was demonstrated conclusively by science, and industrial chemists (who devised ' 
substitutes that are far less damaging) and political decisionmakers responded effectively 
Society made use of scientific information to anticipate a gathering problem, mount cooperative 
international activities to forestall die worst effects, and the whole worid will reap the benefit. 

Clearly, we can affect the fumre in a positive way. I think we should keep in mind the 
words of CP. Snow: "A sense of the future is behind all good politics. Unless we haveit we 
can give nothing-either wise or decent-to the worid." 

hicreasing our understanding of the natural climate system and the impact of human 
activities IS a necessaiy part of this endeavor to gain a sense of the future. As we consider the 
future, we must consider weaUier and climate on a wide variety of time-scales, ranging from 
hours to centuries, because the climate is one of the fundamental determinants of the productivity 
ot the Earth system. This research requires improved modeling and prediction of tornadoes 
cyclones, and hurricanes, of seasonal-to-interannual variations in climate, and of human-induced 
global warming over decades and centuries. 

,n nnn ' ""'^'''^ vdatlvdy Stable during the present interglacial (i.e., the past 
10,000 years), the period during which human society ha.s evolved. However, the Earth's climate 



is now changing. The Earth's surface temperature this century is warmer than any other century 
during the last thousand years; it has increased by about half a degree centigrade over the last 
century; and eight of the last ten years have been the hottest this century. 1995 may end up the 
hottest on record, another mark on the evidence of global greenhouse warming (possibly reaching 
a global annual average of 16°C for the first Ume). 

In addition, there is evidence of changes in sea level, temperate zones glaciers are 
retreating world-wide, and the incidence of extreme weather events (such as the record number 
of Adantic/Gulf hurricanes this year) is increasing in some parts of the world . . . all consistent 
with predictions of the global greenhouse effect. 

The Intergovernmental Panel on Climate Change (DPCC) projects that the global mean 
surface temperature could increase by another 1 to 4°C by 2100. This rate of change in 
temperature would be significandy faster than that observed during the last 10,000 years, 
certainly too fast for natural ecosystems such as forests to adapt. So we are embarked on an 
uncontrolled global experiment. 

Regional and global changes in temperature, precipitation, soil moisture, and sea level 
associated with this "greenhouse-induced" change are expected to have wide-ranging effects on 
agriculture, water supply, fisheries, human health, and coastal development, thus affecting the 
economy and the quality of life for this and future generations. 

Climate change adds another stress in a world where many ecological and socio­
economic systems are already threatened by pollution, increasing resource demands, and non-
sustainable population growth rates and natural resource management practices. 

How are we to mitigate and adapt to climate change? Clearly, increased understanding is 
our greatest ally. Examination of natural climate variability and its consequences provides 
valuable lessons for the future. Our efforts to adapt and manage today's conditions are also 
investments in the future. 

Within the context of natural climatic variability is an amazing range of recent events. 
The 1992 drought in southem Africa destroyed one of the region's principal subsistence crops 
and the U.S. experienced a traumatic multi-year drought in Califomia at the same time. Other 
regions have seen frequent instances of extreme flooding. The Mississippi basin here in the U.S. 
has recently endured two "5(X)-year" floods within a space of three years, each of which cost 
billions of dollars. Right now, Thailand is suffering one of the worst floods in its history. This 
year, the U.S., Central America, and the Caribbean have experienced an unprecedented string of 
major hurricanes. 

A common thread in these seasonal and interannual changes in weather and climate is the 
El Nino phenomenon. This change in the circulation pattern of the Pacific ocean influences 
precipitation pattems around the worid, affecting the weather from Australia to South and 



Central America, the United States, and Africa. In addition to the significant warming of the 
ocean off the coast of South America, which affects fishing producdvity, the change in curtents 
produces droughts and flooding in different regions, as well as significant changes in the 
frequency and intensity of severe storms. 

These fluctuations can overstress already vulnerable systems. In countries where 
resources are already scarce, meeting the daily needs of growing populations and growing 
economies is a formidable challenge. The social and economic vulnerability of agriculture-
intensive economies to episodes of extended drought or flooding is well-known. Damage to the 
agricultural sectors can threaten the food supply, employment, foreign exchange, and reduce 
economic growth. 

These brief examples suffice to demonstrate that we face formidable challenges from the 
climate system right now. I'm glad to note that we are gathered for this meeting to review some 
successful responses to the increased scientific understanding, responses that suggest further 
steps we can take together. 

Research on the processes that link the tropical Pacific Ocean to the global atmosphere 
has, over the past several years, enabled scientists to understand the underiying physical 
phenomena sufficiently to begin to actually predict die onset of El Nino events and their effects 
on weâ ther pattems. Although El Nino-driven changes in the weather cannot be prevented, the 
ability to predict extreme changes months in advance allows for protection of agriculture and 
improved water resource management. Early forecasts of the dramatic climate shifts associated 
with these events have already enabled farmers in several South American countries to prevent 
crop losses of hundreds of millions of dollars, keeping food available and prices from rising 
sharply. 

A good example is Brazil. Agricultural production in Northeast Brazil was devastated in 
1987 when it fell to 15% of normal yield because of a 70% decrease in rainfall from the historic 
average. However, in 1992, agricultural production was maintained at near-normal levels despite 
a similar reducdon in rainfall because the El-Nino-associated drought in that region was-
predicted and suitable farm management practices and changes in crops were adopted in time. 
The economic benefits of being able to avert crop failures could be worth billions of dollars to us 
collectively every year. 

We are thus faced with a success that can be built upon and expanded. By working 
together to improve understanding of the El-Nino phenomenon and to produce and disseminate 
climate forecasts, we can use that knowledge for the betterment of the human condition. This 
cooperation is an important step in achieving sustainable development, an opportunity for us to 
leam to use knowledge to dependably provide goods and services to our people while protecting 
our environment, health, and security. Rather than overcoming the natural worid, it is smarter 
and better to be a part of it, through scientific understanding. Such cooperation in research and 
analysis is therefore an essential investment in the future. 



It is apparent to me that our future progress is dependent on several factors, and I'd like to 
leave you with these thoughts. 

First, the benefits achieved to date are dependent on the open and unrestricted flow of 
data and research results, among researchers, meteorological services, govemment agencies, and 
affected people. This practice must be continued and enhanced. There is a disturbing trend 
among some nations to place restrictions on the open flow of data, a trend with the potential to 
impede precisely the kind of mutual progress we seek. 

Achieving sustainable development requires both increased understanding of the natural 
system and increased understanding of the vulnerabilities of socio-economic systems to natural 
perturbations. We have much to gain by working together in a coordinated intemational 
approach to global environmental issues that know no boundaries. 

Second, some crises in the global environment, like ozone depletion, climate change and 
loss of biodiversity have long dme constants - on the order to decades to centuries to develop. 
The time needed for recovery (if they can be reversed) is much longer - on a time scale ranging 
from decades to millennia. Political time scales are more often on the scale of hours to months 
so there is a disconnect. Rene Dubos recognized our focus on fast-changing or short-term 
phenomena as one of the great tragedies of humankind. We must not let the spirit of budget-
cuttin^and immediate concems mortgage the future of our children, and our planet. 

Third, we must work together to maintain scientific research to address these long-term 
problems. Building networks of monitoring sites, developing simulation models, conducting 
ocean and atmospheric research to understand our fragile spaceship Earth requires sustained 
intemational commitment. 

We in this room are part of the group that must address, and I hope, help solve these 
problems. The nadons that are able to take advantage of new opportunities and that can respond 
to environmental and economic challenges will indeed be the fumre leaders of the worid. 

Finally, the lesson that stratospheric ozone research and policy taught us is that science 
and diplomatic agreements of cooperation between govemments can combine to cut short major 
planetary problems. Let us work together to make progress on understanding and living with El 
Nino; and, in doing so, gain momentum towards resolving the other challenges that beset us. To 
do less would be to betray our stewardship of the earth and our children who will inherit it. 
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Good aftemoon, and Uiank you for invidng me to share a few Uioughts about Uie healUi 
of die science and technology enterprise in 1995 and our oudook for Uie year ahead. I look 
forward each year to die AAAS colloquium as an annual milestone, a chance to draft a report 
card for die work Uiat we've been doing over die past 12 monUis to foster innovation, conduct 
research along Uie frontier areas of science, protect our environment, and bring Uie fmits of 
technology to Uie American people and to Uie world. 

As I stand here today , Uiough, I can't help but Uiink a year ahead to what next year's 
keynote speaker will be saying about die 1995 year-in-science. Will diat speaker be able to say 
diat 1995 was die year America ceded leadership in science and technology to foreign 
compedtors, or diat America retained and bolstered its lead? That die 104Ui Congress shut die 
door to a Federal role in supporting critical technology research and development, or Uiat 
Congress renewed die science and technology partnerships vital to American economic, 
environmental, healUi and national security? 

These are not idle questions. What has played out over die past 100 days in Congress 
for diose who follow science policy is a clear dichotomy between some in Congress who desire 
to cut govemment seemingly at any cost, versus die Administradon's commihnent to cutting die 
deficit while boosting overall producdvity and invesdng for die future.. 

One of die diings diat will stand out about 1995 is that it is die first year diat we have 
really- felt die pain of living widi tme public fiscal austerity - die escaladng budgets of die 
spenddirift '80s are over. I diink Uiis is where I'm supposed to say, " I feel your pain." 

One of die reason we've been insulated from die pain so far, is diat Uiis Adminstration 
has been careftilly, judiciously cutdng die deficit for diree budget years in a row, racking up 
more dian $600 billion in deficit reduction. We've been working very hard to try to minimize 
die pain, or at least balance it out in an equitable fashion. 

The President's projecdon for FY96 implies a $200 billion deficit. That's about half of 
what it would have been had he not commenced two years ago his deficit reducdon plan. It's 
important to note diat $200 billion amounts to die interest we pay every for die increase in die 
national debt callously racked up in die heady Reagan-Bush years. 

I don't want to say that our work over die past few years has been painless; money is 
scarce across die Federal spectmm. Yet despite deep cuts in virtually every odier domesuc 
discredonary account, research ftinding actually has risen modestly - a signal of die 
Administration's commitment to science and technology as die engine of growth in jobs, die 
economy, and our quality of life. And basic research received die greatest percentage increase. 



So I give high marks to die coordinated process diat built diis budget, and to our 
President who supported science as an invesUnent meriting increases ~ increases diat could only 
be provided by shifting ftinds from oUier Federal acdvities. In Uiis middle of Uie fiscal pain. 
Uie AdministraUon has held fast to Uie principle of wise investment in science and technology -
- not because it's a good diing polidcally, not because diere's PAC money here, not because 
diere's a great and clamoring constituency - but because it's important and the President and 
Vice President beUeve in it. 

This kind of priority-setUng ~ difficult as it is ~ represents die acUons of deliberate and 
dedicated govemment, husbanding and making careftil, mulUple use of die resources for die 
ftiture for our children and our grandchildren. It reflects die vision of die Clinton Administration 
~ science and technology in die service of society, an engine of growdi for die economy and die 
creator of knowledge diat is die key to a new worid condiUon. It is a vision diat draws people-
into science and brings many of us here today. 

Crafting such a vision requires great care. It cannot be done by a Congress motivated 
solely by die desire to move dollar signs from one side of die ledger to anodier. It cannot be 
done in 100 days, or 200 days, for diat matter. It cannot be done by simple fiat or decree. It 
cannot be done by a Congress so weary it can't see straight; so driven that it doesn't even have 
Ume to read the material on which it is about to vote. 

It must not be done widi a meat ax when die precision of a scalpel is necessary. 
Yet die spectre of finishing die first session of die 104di Congress widi S&T resources 

slashed by a meat ax is a real one. In dieir msh to cut govemment. (Dan Greenberg, 1 think, 
recently labeled it "demolition politics") some Members have launched a wholesale attack on 
anything diat isn't nailed to die table ~ including R&D, and especially die "D" in R&D. But 
don't be lulled into diinking diat basic research is sacrosanct. 

The bad news for R&D reads like a litany of die lost. Congress already has agreed to 
cut half-a-billion dollars from this year's budget for science and technology in the military 
supplemental, and diey're about to take anodier half-billion whack in civilian recissions 
supplemental. Most of die cuts so far have been in technology programs, but science has taken 
a substantial hit, too ~ $100 million from die Department of Defense programs in computer 
science, maUiematics research, and engineering educadon at universities; upwards of $80 million 
from die NaUonal Institutes of Healdi; and $45 million from DOE research on materials, 
climate change, and die human genome. 

This is bad enough. 1 realize diese cuts are well-intended, that Uiey spring from a belief 
diat deficit reduction is the only name of die game in town these days. But it's a short-term 
strategy diat will lead to die Nation having eaten its seed com for die ftimre. 

The cuts we've seen already are noUiing compared to what Uiey are diinking about doing: 
The Chairman of die House Budget Committee, Rep. Kasich, recently released an "illustrative 
list" of cuts for next year's budget, in which die toll for science and technology was a whopping 
$2.5 billion. Over die next five years, it's targeUng $13 billion. More Uian half-a-billion of 
diese "illustraUve" figures for FY96 come from NIH - $2.5 billion over five years. 
Agricultural research declines by $1.3 billion over five years. 

And while NSF hasn't appeared on a public hit list yet. Director Neal Lane has been told 
to expect at least a 20 percent cut. That's more dian $600 million - nearly all of it from die 
research bench, since 95 percent of NSF money goes out in grants. 



Now, I don't want to raise Uie false expectation diat we in die AdministraUon will be able 
to completely insulate science and technology from die real fiscal pressures diat will drive die 
next decade of budget policy. The reality is grim for science and technology ftinding. There 
will be cuts; R&D will have to take some of diem. But die cuts should be judicious and 
managed, not across-die-board salvos diat wreak havoc diroughout die research enterprise. 

My hope is diat wise heads in Congress will intervene, diat history will record diat diey 
saved die nation from pennanently damaging our research and development base by moderating 
die hasty, ill-infonned or ideology-driven decisions - penny-wise, pound-foolish decisions we 
have seen in attacks on technology partnerships and environmental protection, and in 
irresponsible regulatory reform. But my fear is diat history will record diat extremists in 
Congress prevailed as prevailing in an atmosphere of budget chaos driven by a ftindamental 
disregard for reinvestment in science and technology. 

Now, I'm an optimist by namre, even under diese trying circumstances, and I diink most 
Americans share diat trait. A lot of our native optimism rests on die belief, based on our 
nadon's history, diat breakdiroughs in science lead to advances in technology and vice versa -
die two are inextricably linked. Our scienUfic enterprise still is die envy of die world, and Uie 
technologies it spawns lead to a better life and a brighter ftimre. Just die odier day, the President 
released die 1995 CriUcal Technologies Report from OSTP concluding that die United States -
at least for now - is die world leader, or equal to die best, in die 27 technology areas it 
identifies as critical to national and economic security. 

But it's hard to be an optimist in die face of die sobering caveats contained in diat report. 
Yes, we are among die leaders in Uiose 27 areas of technology, but our lead is fragile and 
shrinking. Now, Europe is dead-even or only slighdy behind us in 25 of die 27 areas; Japan 
is Ued or just a nose behind in 17 of die 27, and is closing fast on 5 more. If we want to 
maintain leadership— or even parity - we can't afford to" stand sUll. 

It's harder sUII to maintain my opUmism in die face of die Congressional response to Uiis 
simation. The technology investments diat have been a hallmark of diis Administration are in 
great peril. They are our first and best defense against ftirdier erosion of U.S. leadership in 
criUcal technologies, yet diey are marked for die wrecking ball - at least by some members. I 
hope, however - and diis is die optimist in me coming out again - Uiat we are making progress 
in educaUng some of die new members about die value of diese cmcially important programs. 

According to die World Economic Fomm, die U.S. Federal govemment already under-
invests in federal civilian R&D compared to our world compedtors. Equally distressing, die 
U.S. private sector under-invests as a percentage of gross domesUc product compared to oUier 
nations. Our negative balance of trade in technology products is testament to how poorly we 
are doing in diis area - die worst among all trading naUons. We must correct diis invesUnent 
failure. In doing so, die AdministraUon has addressed diis issue by supporting R&D tax credits 
and industry-led, cost-shared programs to develop technologies diat have widespread retums to 
die public - better transportaUon, safer buildings, cleaner air. I ' l l talk more substanUvely about 
diose programs in a moment. But 1 view die new congressional majority's decimation of Uiese 
programs as a mUiless attack on this nation's ftiture, an attack erroneously labeled corporate 
welfare. 



To offset years of inadequate long-term invesUnent, diis Administration has concentrated 
on building up some raUier modesdy fiinded but indispensable activiUes in which die federal 
govemment makes parmers of private industry, universides and community colleges, state and 
local govemments, and community organizadons to develop technologies diat benefit all of us. 
We've done so for two reasons: (1) For nadonal security, and (2) because much of die generic 
science and technology critical to economic growdi can't attract adequate private investment -
die firm, diat takes die risk and makes die invesUnent can't capture enough of die benefits. 

Furthermore, today's fast-paced, highly compeUUve economic climate makes well 
managed federal research investment in growth-enhancing technologies more critical dian ever. 
Faced widi short product cycles and intense intemadonal competition, many companies are 
cutting costs to die bone and using available research money on projects widi near-term payoffs. 
The new model of how best to accommodate diis changing business environment is to create 
public/private, cost-shared parmerships for generic R&D ~ teaming widi odier companies, widi 
universides, and widi die govemment. 

These programs represent a reasoned and compelling continuation of our successful 
government-industry partnerships going back, in some case, for more than two hundred years 
- in transportaUon, aerospace. navigaUon, exploration, national security, agriculture. They 
represent a 21st-century vision of commitment to die programs and values diat made America 
great. They are die way the Administration is building die National industries of the ftimre. 
T|iey are programs like: 

o The Advanced Technology Program mn by die National InsUtute of Standards and 
Technology (NIST) in die Department of Commerce - industry-led, merit-based, and 
cost-shared. ATP awards support development of new technologies today that will be 
the backbone of the tomorrow's manufacturing, constmction, and commerce. 

o The Parmership for a Next GeneraUon of Vehicles (also known as Clean Car), 
designed to tackle an extremely tough technical challenge - to develop widiin ten years 
a producUon prototype car widi diree times die efficiency of today's autos and very low 

- emissions, widi no sacrifice in cost, comfort, or safety. 

o The Environmental Technology Strategy - working widi industry on cost-effective 
technologies to clean up pollution from die past, prevent pollution in the future, and help 
build a U.S. environment industry diat is a leader in rapidly growing world markets. 

o Education and training technologies diat have mulUple public and private benefits: 
exciting education challenges for our children; lifelong learning opportunities for all 
Americans, including diose who need retraining to handle changing technologies on die 
job; and a rich potential commercial market for die technologies diemselves. 

o The Technology Reinvestment Project (TRP) at die DeparUnent of Defense, anodier 
cost-shared program designed to propel die commercial development of technologies 
criUcal to Uie military, since low-cost commercial manufacturing practices and economies 



of scale from commercial production will niake Uiose technologies more affordable for 
military users. 

o Policy support for and end-use research on die NaUonal Information Infrastmcture, 
which will bring die knowledge of die world to a desktop in mral Montana; or tap 
medical expertise from Paris, France for a paUent in Paris, Texas. This program also 
will assure die Nadon's conUnuing leadership in high-performance compudng. 

o Promotion of energy efficiency and renewable energy dirough our Climate Change 
Action Plan to improve air quality while simultaneously reducing emissions of 
greenhouse gases and conserving energy resources.. 

o Industry-led CRADAs - cost-shared, cooperative research and development 
agreements ~ diat have grown from a few hundred at die beginning of diis 
Administration to more dian 3000 today. CRADAs move important new developments 
on die laboratory bench into die commercial market, improving health care, 
transportation, home design, and hundreds of Odier technologies to improve our quality 
of life. 

^ Most of Uiese programs are cost-shared, meaning diat industry is die senior parmer. If 
diey don't invest, Uiere is no deal ~ industry is picking die winners and losers, not govemment. 
Economists, investors, technologists, and industrialists understand and widely support diis 
acUvity ... but in dieir msh to judgement, it somedmes seems diat some Members in die new 
Congress don't want to be confused by die facts. 

These innovative parmerships ~ which have done much to boost technology investment 
and innovadon in die American economy, and which promise so much more for die future -
may be a matter for die history books alone unless concemed Members of die Senate and House 
act to restore ftinds for technology programs. Based on dieir work and words to date, it's getting 
harder and harder even for me to retain any kind of optimism. 

. The question for us today is: Can we moderate diese demolition poliUcs soon enough to 
avoid grievous harm to die science and technology diat drive our economic growdi and national 
security? If not. we risk losing more dian just figures on a pie chart. We lose jobs, security, and 
our children's oppormniUes. 

Congressional number cmnchers promise diat money saved in downsizing die federal 
govemment will be reinvested in science and technology - if diere's any left over after paying 
down die deficit some more and increasing ftinding for pet projects. If you believe diis, I have 
a bridge to sell you. 

One of dieir preeminent proposals is die creaUon of a DeparUnent of Science. 
Veteran attendees at diis colloquium will note diat diis Department of Science proposal 

is not a new idea. It was first proposed in 1884, and again over 100 times over die past Uiree 
decades. As Guy Stever once said of Antarctic blizzards, diis isn't new snow - it's die same old 
snow being blown around again and again. 



Let me be very clear about one diing - this Admmistration unequivocaUy opposes the 
creation of a Department of Science of the kind now bemg discussed in Congress. We are 
not against change; under die leadership of die Vice President, we have been remaking die very 
stmcmre of federal agencies - not just shuffling programs around and renaming diem. But we 
are against change for change's sake - or for die sake of as-yet-undocumented savings in federal 
resources. 

Congressional supporters of die Department of Science idea argue diat it's important to 
have air die science programs centrally located - except, of course, for healdi ... and defense 
... and agriculture. They say diis, by die way, as diough it were a given and widiout a shred of 
evidence about its effecUveness. But die genius of U.S. science policy to date has been its 
recognidon diat pluralism of support and diversity of performers allows die cmcial freedom of 
enquiry diat unleashes die creaUve spirit of our worid-class researchers and dieir smdents. The-
proposal to create a Department of Science flies in die face of diis pluralism by instimting a 
command-and-control model of rigid bureaucracy. 

We are all in favor of making science more responsive to die needs of die Nation. But 
we believe die worst possible diing you can do to policy and associated missions is to divorce 
diem from a science base. To say diat food safety will be greater because someone, somewhere 
in diat science agency across town is doing some kind of pesticide research is ludicrous - Just 
as in industry. Federal agencies depend on die feedback from research that is inextricably linked 
to dieir mission. There is no productive way to unhitch science and policy. Nor should we. The 
result will be poor science conducted in a vacuum and even poorer policy. 

If diis is such a good model, why hasn't private industry adopted it? Why not take Bell 
Ubs in New Jersey, an IBM facility in New York, maybe a Silicon Valley research consortium 
and plunk diem all down togedier in die middle Of die Great Plains? That might consolidate 
some overhead, but would it actually help die bottom line or die fumre viability for any of die 
companies involved? Of course not - dieir competitive edge demands access to die research Uiat 
drives producdvity, just as die mission agencies require free and easy access to die best science 
available. 

The President's report "Science in die NaUonal Interest" says it succinctly: 

"Federal support of fundamental science and engmeering is characterized by a 
healthy pluralism. All Federal departments and agencies that depend heavUy on scientific 
and technical knowledge and human resources support fundamental research and education 
in these areas. This improves theu- capacity to attam their evolvmg goals as new challenges 
emerge." 

What we have to keep in mind is diat, as we face increasing fiscal austerity, it is 
particularly important diat die nadon's science leadership understand the "mosaic" of science 
support and performance by federal agencies, universides, and industry; to understand how die 
support by DOD of research and graduate training in engineering and computer science 
complements die work by NSF, and how togedier diey provide a knowledge base and die human 
resources for advances in die private sector; to understand how materials research and high­
speed computing and networking at die Department of Energy contributes to breakdiroughs in 
biomedical research support by NIH; to understand how the biological research and long-tenn 



ecological monitoring supported by NSF provide furdier elucidation of namral phenomena 
cmcial to wise environmental policymaking by die EPA; to understand how to mix advanced 
technologies and research so diat bodi military and civilian services can be provided from die 
same investment. 

What we must understand - and diere are diose in Congress who would ignore diis at 
die Nation's peril - is how federal agencies, togedier, support our overall science base: and we 
must especially recognize die increasing interdependency among dieir efforts. Significant cuts 
to one program can have substandal effects on odier nadonal initiaUves. We must be smart and 
deliberate in any U-imming ~ mindftil of diese important connecdons as we attempt to make our 
Federal govemment work better. But diis does not mean diat all Federal science efforts ought 
to be merged into a single endty. 

On die odier hand, if die Congress tmly wants a leaner, more efficient Federal S&T 
system ~ not just cosmetic surgery - it need not look far for a model. Under die President's 
"Reinvendng Govemment" inidaUves, we have already pared more dian 100,000 jobs from die 
Federal bureaucracy. That'll total neariy 150,000 before we're finished. 

o NASA alone has plans to cut more positions as it streamlines its operations dian the 5000 jobs 
diat supporters of die Department of Science claim dieir move will eliminate, 
o EPA, FDA, and odier regulatory agencies have slashed regulatory red tape - by contrast, 
regulatory "reform" as passed in die House of Representafives would only, in die words of last 
Sunday's Washington Post editorial page, "put sand in die gears of die Federal regulatory 
process." 

o And in die next few weeks, 1 will be briefing die Vice President on new and innovative 
ways being tested at NSF, NIH and die DeparUnent of Energy to use die information 
superhighway to reduce die mountains of paperwork required of Federally funded researchers 
and grantees. We want to free up administraUve Ume and costs for professors and Uieir 
insUtuUons, time diat can be reinvested in teaching, research, and scholarship. 

- This AdministraUon has a mechanism to encourage cooperation where advantageous, 
consolidaUon where necessary, and coordinaUon overall. It's die National Science and 
Technology Council ~ die first time in history diat die United States has had a comprehensive 
coordinated Cabinet-level body devoted to reviewing die Federal R&D enterprise. The principal 
purpose of die NSTC is to establish clear nadonal goals for federal science and technology 
invesunents, and to ensure diat policies and programs are implemented diat contribute to diose 
goals. The NSTC provides a stmcture dirough which we can prioriUze die many legitimate 
demands on the public's R&D dollar. It assures a fomm where critical national needs cannot 
be pushed aside by urgent and parochial agency needs. It sensitizes agencies to the advantages 
of symbiosis over isolated pursuit of objecUves. 

Isn't diis what die promoters of a DeparUnent of Science say diey want? 
There is a good way to go about reform, and diere is a bad way. 1 venture to say diat 

each of you has been trained in die good way - experiment, observe, and test your observations 
before implemenUng innovation across die system. 



Is diis die process diat we've seen at work in die Congress over die past 100 days? It 
is not. Radier, we have seen dog-tired Members marching lockstep ahead widi dieir eyes fixed 
only on die end of die 100 Days. Many of die changes wrought by die House were passed 
widiout die benefit of a single hearing, or at best widi a minimal legislative record. Is diis what 
Jefferson and Madison had in mind? 

Now, Speaker Gingrich is fond of referring to Thomas Kuhn's model for revoludon in 
science, a model diat sfi-esses cataclysmic change as die driving force when scientific paradigms 
are replaced widi newer, more powerftil ideas. The Speaker stresses diat die election in 
November and die ensuing 100 days' acdvities are just such a Kuhnian shift. 

When paradigms shift in die Kuhnian sense, diey do so because die weight of 
accumulated evidence and data become so great diat the old paradigm topples beneadi diem. 
There is no hard evidence and diere are no compelling data to support abandoning our historic 
commiunent to science and technology. Radier, at Umes diis Congress seems to mn screaming 
from anydiing diat looks like research or credible data ... even pushing to eliminate dieir only 
bipartisan and bicameral Congressional resource for S&T analysis, die Office of Technology 
Assessment. 

Nowhere is diis more clearly illustrated diat in die area of environmental protection. 
Environmental policy in die 104di Congress has been driven by a crazy-quilt of anecdote, 
anxiety, and homespun homily - tall tales and outright fabrications of workers having to wear 
moon suits to pick peaches and whole villages lost to forest fires because of kangaroo rats. 
Whatever odier motivaUons may obtain, environmental policy in this Congress has not been 
driven by knowledge, and certainly not by science. 

In fact, die Contract widi America never once even mentions die word environment. 
Still, we've managed to end up widi ill-conceived legisladon like die House-passed Risk 

Assessment and Cost-Benefit Act, which makes fiindamental changes in die way die Federal 
govemment protects public healUi, safety, and environmental quality. The Senate has a similar 
bill on its docket. BoUi chambers may compromise on language Uiat would require agencies to 
go Uirough a maze of cosUy, inflexible, and bureaucratic procedures - creaUng along the way 
infinite new oppormniUes for petitions and litigation - and new jobs for lawyers. 

It's also why we're seeing proposals to eliminate Uie National Biological Service - a 
naUonal inventory of our namral plant and animal resources. Such a move is analogous to book-
bumings of yesteryear. Since when is ignorance a promising route to deliverance? The NBS 
isn't a land-grab, as its detractors claim ~ science doesn't get much purer Uian Uiis. 

And it's why Uie Congress seems bent on gutUng research on energy efficiency and 
sources of renewable energy Uiat will be critical to combating global warming. Next on Uie 
chopping block is likely to be global change research itself - leaders in Uie new Congress call 
it "politically moUvated." Since when does it require political motivaUon to want to understand 
the world in which you live? 

And of course. Congress' lack of regard for scientific evidence is likely to put a halt to 
ftinding for endangered species research - Uie dismantling of Uie Endangered Species Act is a 
probable priority item for later this year on Uie Hill. 



Science and technology programs in Uie 104Ui Congress are Uie legislative equivalents 
of endangered species. In Congress' msh to slash government and lower taxes - taxes Uiat 
alreay are among Uie lowest in Uie industrial world. I might add - we are in danger of losing 
die very excellence in technology diat has made our country die envy of die world. 

Surviving widi our naUonal R&D portfolio even relaUvely intact will require aggressive 
acuon. We must engage die R&D community, die industrial community, die education 
community. Congress - uldmately, we must engage die American people, if diey mean to 
remain their own govemors. 

Congress must be part of diis dialogue. I respect die leaders of die new Congress as 
hard-working agenUj of change, and I tmly believe diey diink diey are doing what's right for 
Amenca. I admire dieir convicUon, and dieir tenacity. But I want to work widi die Congress 
to make sure every Member understands die enonnity of die change being proposed and its 
impact on die ecosystem we call die Federal R&D enterprise. 

We have had periods of similar intellectual foment in our country before - and survived 
diem The opUmist in me takes heart in diis. And die opUmist in me is bolstered by die words 
of Thomas Jefferson, penned in a similar Ume of naUonal frenzy: (and 1 quote) 

"A Uttle patience, and we shaU see the tune of witches pass over, theu- spells dissolve, 
and the people, recovering theu- true sight, restore theu- govemment to its true principles.'' 

* Thank you. 



Clinton Presidential Records 
Digital Records Marker 

This is not a presidential record. This is used as an administrative 
marker by the William J. Clinton Presidential Library Staff. 

This marker identifies the place of a tabbed divider. Given our 
digitization capabilities, we are sometimes unable to adequately 

scan such dividers. The title from the original document is 
indicated below. 

Space Science 
Divider Title: 



05/17/U& l Y : i a -orZO^ b aa 81Y4 i t i woo 

The New FronUcr: 
Space Science and Technology in the Next Millennium 

The Honorable Dr. John H. Gibbons 
Assistant to the President for Science and Technology 

Wemher von Braun Memorial Lecture 
March 22,1995 

National Air and Space Museum 
Smithsonian InsUtution 

Washington D C. 

Nadonal Air and Space Museum Occasional Paper Series Number 7 [ 
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A new millennium is neariy upon us. The next few years mark the 
transiilan between the twiUghi of one age and the dawn of anodier. During 
this transition, we will have the opportunity to reflect on the great and 
dynamic changes that are taking place around ns. 

Here at home, Americans are asking fundamental questions about the 
social contract that binds them to each other and to their govemmenL 
Around the worid, new forms of cooperation between governments are 
reducmg barriers to commerce, technology, and culnjrc, thus enhancing the 
prospects for new fanns of collaboration and defining anew the meaning of 
nadooal boundaries. 

Dramatic and unparalleled advances in technologies for infonnation. 
health, transportation, and the environment are fimdamentally redefining 
how we live and work. Wc continue our struggle with the problems of 
environmental degradation and overpopulation, with violence and famine 
caused by cenhirics-old edmic and religious conflicts, and with an increased 
threat of proliferation of weapons of mass destructioa 

I would like to reflect on Uie role that the space program has played, and 
continues to play, in enabling technological and societal change and how 
these changes have, in turn, altered our perception of space research and 
exploration. I would like to share with you a vision for die future of United 
States and intemadonal space activities. It is a vision that is simultaneously 
optimistic and affordable; practical and yet, I believe, exciting. 

Space technology has been cne of tiie defining forces of tiiis century. 
The Soviet launch of Sputnik in October 1957 and the ensuing space race to 
the moon came to symbolize the conflict between die competing world 
views of communism and democracy. Space became the ideological 
battlefield upon which each country sought to demonsu-atc its prowess and 
win global influence. 

This titanic struggle yielded daric moments—such as the Cuban missile 
crisis when it seemed to many tiiat technology would ultimately be the 
undoing of mankind. Tiiere were, however, also bright moments, such as tiie 
Apollo moon landmg. when space technologies seemed to light a clear patii 
10 the future. 

Space applications are now a practical and essential part of our daily 
lives. SateUites provide essential conmunication ser\'ices to botii tiie 
developed and the developing world. Whether it is tiie gtobal distribution of 
news and entertainment or the regional delivery of healtii care and educa­
tional programming, satellites constinitc a critical component of tiie emerg­
ing global infomiation mfrastructure. 

Space also provides a unique vantage point from which to analyze and 
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monitor our complex planet SateUites have dramatically increased our 
ability to predict tiie weaflier and its many consequences. Multi-spectral 
imagery fiom space has provided unprecedented advances in regional and 
global resources management, and sateUites for treaty verilicatim have 
helped us to keep the peace. 

The diverse scientific, military, and commercial plications of die 
Gtobal Positioning System (GPS) are revolutionizing how wc work, play, 
and travel. Altiiough originally developed for military use, the United Stales 
has welcomed flie global use of GPS for a wide range of peaceful purposes 
and anticipates the pivotal role tiiai OPS could play in die global ah uafGc 
management systems of the future. 

Space research and technology can also make us better stewards of our 
planet The very first hnages of Earth from weatiier satellites and from tiie 
Apollo missions literally changed our view of tiie planet In tiiese pictures— 
particularly tiie one known as tiie "Blue Marble"—Eartii, hanging in empty 
space, seemed, for tiie first time, small and fragile. 

Astronaut Bill Anders, remembering his first view of Earth from the 
Apollo 8 command module, said: "Looking at tiie Eanh and seeing it 
floating like—I thought, since it was Christmastime—a littie Christmas tree 
ornament against an infinite Wack backdrop of space...it seems so very 
fmite. It was tiiis view nf the fragility and finiteness of tiie Earth tiiat is tiie 
impression, frankly, tiiat I hold more in my head than any other." 

Il was Dr. Sally Ride, the first American woman in space, who later 
pointed out tiiat altiiough we had sent highly sophisticated spacecraft to 
study otiier planets, we had not taken a similar interest in our own planet, 
She led a study group tiiat recommended a program to accomplish this task 
and dubbed i t somewhat ironically, "Mission to Planet Earth." 

The simple tnitii is tiiai we still don't understand well enough how our 
planet works and how human activities are affecting tiie biosphere. Space 
technology can play a pivotal role in tiiis research. For example, we leamed 
more about ocean circulation from a single United States-French satellite 
than in tiie whole history of ocean research. Satellite measurements also 
played a critical rols in monitoring and understanding ozone depletion in the 
upper atmosphere, tiiereby averting a m ĵor healtii and biological catasn-o-
phe. 

And we are just getting started. Some two dozen missions to study die 
global environment will be flown by the year 2000. NASA's Mission to 
Planet Earth, and its companion programs in die United States and otiier 
nations, are building tiie knowledge base tiiat is a critical prerequisite for 
achieving a sustainable future. 
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Space exploration is providing phenomenal insights into tiie nature of 
tiie umverse. 1994 was an absoltiiely outstandmg year for space science 
Indeed, astronomer John Bahcall has caUed it—periiaps wiOi only a little 
exaggeration—die most important year to be alive for astronomers since tiie 
dawn of man The Hubble Space Telescope is simply wowing die world 
Most recenUy. it has given us striking evidence fliat flie universe may be 
bilUons of years younger flian we tiiought It's found conclusive evidence 
tiiat massive black holes exist at flie core of active galaxies, And, it's 
brought us die first views of infam galaxies, which foraied only about two 
billioQ years after flie Big Bang. 

And fliat's not all. Hubble dau have confirmed flie existence of 
protoplanetary disks around newbom stars. This is tiie sirongest evidence yel 
tiiat tiie same basic process tiial fonned Oie planets hi our solar system may 
be common throughout Uie galaxy. 

Looking Earthward, tiie Compton Gamma Obscn atory contributed to 
die discovery of a strange new phenomenon known as upper atmospheric 
flashes tiiat may provide a link between phenomena in tiie Earfli's lower 
atmosphere and events in tiie upper layers of our atmosphere. 

The Comet Shoemaker-Uvy's collision witii Jupiter in July was a 
seminal event for astronomers. Such events may occur in tiie solar system 
only once every tiiousand years or more. Hie early detection of tiie comet 
by tiie Near Earth Object Program allowed unprecedented preparation to 
observe tins event from ground and space-based observatories, sparidng 
worldwide interest from tiie scientific community and flic public. 

Cooperation in space offers us a new vision of global cooperation 
hitemational cooperation in space offers a rare opportunity for nations to 
pool flien- mterests and resources in exciting and challenging ventures. Such 
cooperation is a laudable successor to tiie dark conflict tiiat characterized tiie 
birfli of flic space program. TTic ApoUo moon landing was, assuredly an 
Amencan victory; yet it seemed tiien, as now, "a giant leap for aU maiikind.-

The Cold War, however, did not end witii ApoUo. For years, flie United 
States and Russian space programs continued along tiieir separate patiis not 
really competitors, but not yet partners. Then tiie Beriin Wall came down, 
tiie Soviet Union fell apart under its own weight and tiie world changed 
dramatically. The space programs of botii countries had to adapt to a 
changing world. Gradually, we came to see tiie space program as a tool for 
buildmg peace and international understanding ratiier tiian as a weapon of 
tiie Cold War. ^ 

This is why. in 1984, tiie United States invited our close allies in 
Europe, Japan, and Canada to join us in building a space station. And this is 



why tiie Clinton Administration, a decade later, took tiie bold step of inviting 
Uie Russians to be full partners in flie International Space Station. 

But what next? Are die glory days of the space program in from of us or 
behind us? AlUiough physicist Niels Bohrs warned that "It is very difficult to 
make an accurate prediction, especially if it's about tiie ftiture " I feel 
confident in predicting tiiat flie best days of die space program are yet to 
come, to flie fridue. space will play an increasingly importam role in our 
datiy hves, m our science, in our advemures. and in tiie security of tins 
nation. I would like to examine some of tiw ways in which space technology 
will continue to change die worW in which we live. 

Today, we are in flie midst of a digital revolution fliat promises to 
transform flie way we use and share informadoa Satellites, including flie 
new generations of hand-held mobde and broad-band communications 
satellites, wiU play a critical role in tins revolution. They will provide 
affordable Unks to flie global network from flie most remote comers of tiie 
planet. And ttiey will help hnk existing tenestrial networks as weU. The 
result wiU be more open maricets, more freedom of information, stronger 
democracies, mare productive workers, and a higher quality of Ufe for 
bUIions of people arotmd tiie globe. 

Satellites will help communicatioos and computer companies to develop 
ever more sophisticated products and services. A new generation of "infor­
mation apphances" will replace today's computers, cellular phones and 
televisions. Wallet-sized, wireless, personal digital assisunts will help you 
organize your life and keep in touch witii your office; digital newspapers 
magazines, and books wUI be deUvered directiy to your laptop computer,' 
and new leaming tools using virtual reaUty or providing access to huge 
digiul Ubraries of infomiation wiU be available. These new tools will enable 
users to access and manipulate data in ways fliat we cannot even imagine 
loday. " 

We can see examples of what will be possible in tiie fiiture in the 
research community today, particularly among scientists using remote 
senstag data and computer models. Because tiieir woric is so data-intensive 
and because it requires interdisciplinary collaboration, researchers have 
developed software and networking technology tiiat enables people around 
flic country to access, manipulate, and share huge data files of imagery 
Expenments currentiy bemg conducted by NASA and industry on tiie 
Advanced Communication Technology SatelUte are demonstrating tiiat 
satellites too wiU play an unportant role in networked, high data r̂ te com­
munications. 



hi flic future, we wdl continue our exploration of die solar system and 
beyond. TTiis exploration will, however, proceed in ways fliat would have 
surpnsed, and I think fascinated. Weraher von Braun. 

The von Braun paradigm—tiiat humans were destined to physically 
explore die solar system-which he so eloquentiy described in CoUiers 
Magazine in flie early 1950's. was bold. His vision, however, was highly 
constramed by tiie technotogy of his day. For von Braun, humans were the 
most powerful and flexible exploration tool tfiat he could imagmc Today 
we have wifltin our grasp technologies tiiat will fundamentally redefine tiie 
cxplorauon paradigm. Wc have tiie abiUty to put our minds where our feet 
can never go. Wc will soon be able to take onraelves in a virtual way— 
anywhere from flie interior of a molecule to tfie planets circling a nearby 
star—and tiicrc exclaim. "Look honey. I shrunk flie Universe!" 

Today. Uic great chaUcngc of space exploration and utilization is 
makmg It affordable and efficient I am happy to say tiiat's exactiy what 
Dan Goldm and NASA are trying to do. The Jet Propulsion Lab. for 
example, is now developing concepts for a ten-pound spacecraft tiiat is no 
bigger tiian your fist 

The next century wiU Ukely see die flowering of a new manufacturing 
revoluuon. enabUng an annada of tiny, intelligent machines to travel 
outward ftxMn Earth to explore new worlds. These small spacecraft will 
require less power and smaller, lower-cost launch systems, They will take 
advantage of next generation on-board intcUigence capabilities and wUl 
have hulc need for elaborate tenestrial conttol and operations centers The 
result WiU be to greatiy increase tiie science output while reducing tiie 
physical and human resources required to develop and operate a mission. 

There wiU even be occasions when we conduct dramatic new cxplora­
uon missions witiiout ever sending spacecraft to distant worlds. In tiie not 
too distant fiiture. wc may have tiie tcchnotogy needed to image planets 
that may he orbiting nearby stars. It might be possible to infer tiirough 
spectroscopic analysis of tiieir atmospheres or tiie color of tiieir oceans 
whetiier tiicy arc Ufe-bearing. What a revelation tiiat would be! 

All of tiiese options will greatiy enhance our research into tiic human 
role in cxploraUon. Wc arc fimily commiucd to tiic space station, not only 
because it opens a door to new research, but because it is an essential step 
m understanding how humans react to tiie space environment Early in tiie 
next century wc wiU hopefully understand tiie difficuU questions of bone 
loss and blood chemistry fliat currentiy beset astronauts spending long 
periods in space. Witii tius knowledge and tiic knowledge obtamed from 



our robot exploren, we wiU be prepared to answer tiie importam questions 
about tiie next destirution for humans iu space. 

As we set out to explore new worlds, we must also be good stewards of 
tiie one world in which we all Uve and flic only world we can couru on. In 
flie words of Robert Bums: 

0 wad some Pow'r the giftie gie us 
to see ousels as others see usi 
it wad frae mony a blunder free tis... 

Perhaps it was flie view from space that Bums was imagining. One of flic 
space program's most important cootributions is to increase our understand­
ing of our planet so that wc may enhance Ufe on Eartii. 

As tiie century ends, tiie United States and its intemational partners will 
have an anay of sensors in Earth orbit measuring tiie attnosphere, oceans, 
biosphere, and land surfaces, as weU as tiie interaction among tiiese ele­
ments. These sensors wiU be Unked by sophisticated information systems 
providmg data to scientists and researchers. This work will produce answers 
to hindamenuil questions about Eartii, how its systems interact and how and 
why it changes. 

We will have powerful new tools {or analyzing weatiier. for flie longer-
term prediction of floods, drought, violent stotms. and tiie dynamics of 
biological change, such as disease and flie migration of flora and fauna. We 
will have a complete survey of flic Antarctic ice sheet and we wiU be 
making flie fnst assessmcms of changes in fliickness of tiie Greenland ice 
.<iheet and ttie first global rainfall assessment In flie future, routine forecast­
ing of El Nmo occurrences and consequences wiU be possible witii enor­
mous potential for eccHiomic savings. 

Soon we will he able to perform repeated global uiveniories of land use 
and land cover from space, evaluate the consequences of observed changes, 
and analyze tiie consequences of different preventative and adaptive prac­
tices. We will use sateUites fa- tiie fu-st global assessment of air poUution in 
tiie lower aonosphere, leading to continual assessment of changes in global 
air quaUty. 

In short, space technology can give us the information we need to 
understand tiie role tiut human activities play in tins complex cycle as well 
as flie influence of "natural frfienomena." This knowledge is absolutely 
essential if we are to be responsible stewards of tiiis planet. 

Space science and exploration has inspired and enriched us. What more 
could we ask? Well, as they say. "happiness can't buy money. " The current 
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review of budgets and programs in tiie Administration and in Congress 
hnplies Uiat even high priority programs, such as space science and cxplora­
uon, WiU be coming under increased scratiny. That's tiie bad news The 
good news is tiut much of what we must do to develop an aggressive space 
program for flie fiitore has already been started. 

We are tmly reinventing NASA. This means that we must take an 
organization estabUshed during tiie Cold War as a federaUy mobiUzed 
response to Spudlik and transfonn it mto an agency tiiat is more relevant to 
today's economy and today's world. It must be an agency that wiU once 
agam defme exceUence in space science and technology. This task will be 
difficult and it wiU not be done witiiout some legitimate pain. 

However, reducing tiie size of NASA is not an end in iKelf. We must 
also woric wifli NASA to change tiie way it does bushjess. The aerospace 
mduscry has matured considerably since tiie days of ApoUo. As a result tiie 
pnvate sector can now accomplish many of tiie tasks fomierly done by tiie 
government Satellite communications, space launch, and remote sensing 
were all originaUy govemmem programs but are now being offered success­
fully by tiie pnvate sector. In flie fiiture. we must ensure tiiat NASA does 
only Uiose tiungs tiiat it does best 

NASA's 1996 budget contains a number of programs tiiat already 
inoiiporate tiiis new approach. For example, tiie Reusable Launch Vehicle 
(RLV) program will focus on devetoping low-cost next-generation launch 
vehicles, while tiie Discovery program wiU seek to advance die state of die 
art of spacecraft for space exploration Bofli of tiiese programs have sought, 
from flie begmning. to include signiTicam industry participation, manage­
ment, arid funding. 

FinaUy, we must to seek creative ways for tiie space programs of tiie 
world to combine tiieir talents, resources, and faciUties to accompUsh goals 
fliat are beyond flie reach of any one country. The space station and Mission 
to Planet Earth provide us witii early examples of tiiis trend. In tbe fiiture 
wc must seek otiier opportunities to build durable Unks between our mdi­
vidual effons in space science and exploration 

In 1963, President Johnson asked: "As [nun] draws nearer to tiie stars 
why should he not also draw nearer to his neighbor? As we push even mae 
deeply mto flie umverse, we must constantiy leam to cooperate across tiie 
frontiers tiiat really divide the earth's surface." 

I look forward to participating witii you in tiiis important vemure. 
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Governing in a Technology-Driven 
Age: Progress and Problems 

Some Key National Issues 

Le{ me turn now co some key issues that are being faced by the nation. 
The first broad issue area is defense and military security. What we have 

seen in the last year is probably unprecedented in terms of the historical rate 
of change of major economies and military balances of power in the world. 

We've seen a forty-year focus of our nation on our role as the peacekeeper 
against the forces of darkness suddenly become anachronistic and in need of 
total rethinking. My first observation is that probably the most powerful thing 
that caused that collapse of centrally-planned economies was technology; 
namely the technology of information processing and transportation, which 
globalized world markets and made central planning, in an increasingly com­
plex w.orld, less and less capable of competing with market economies, and 
the whole system fell apart. So I think we have witnessed something driven 
by changing technology that is most extraordinary to see. 

The question now is: What next? What is the new paradigm for our own 
national role in the global context? What happens as we shift our own economy 
toward some new state, this so-called economic transition that some of our 
defense industries have been in for five years, but which is likely to acceler­
ate in the next five or I 0 years? What do we need to hold onto in terms of 
defense technology to enable us to continue to protect our freedom? What 
other changes should be occurring that will enable us to face more realisti­
cally the awesome problems we're having in terms of economic competitive­
ness in world markets") 

Stuckenberg Lecture, Wa,hingtnn University, SI. Lm11s. MO, October I ')91. 
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Perhaps we 're not in the middle of a free fall, but we 're certainly moving 
down some rapids and we're not quite sure what the end will look like, our 
neighbors in what used to be the Soviet Union. 

So what is the new paradigm?What do we do about nuclear weapons?The 
new perception of nuclear weapons is that they're more of a chore and a 
burden than they are a device of utility, other than as a deterrent. So we 're 
seeing countries like South Africa, Brazil, Argentina, and others announce 
that they're walking away from any notion of trying to develop nuclear weap­
ons. At the same time, we're finding nuclear weapons spread around the new 
countries that used to comprise the Soviet Union to the point that France, 
which used to be number three as a world nuclear power, is probably number 
six or seven now. 

The question of proliferation and our realization of what people can do 
even in a country as small as Iraq, presents us with a profound new challenge 
regarding the management of this technology. It certainly places new de­
mands on technology in terms of verification and monitoring so that we can 
be assured going into international treaties that people aren't cheating. 

What do we do about the plutonium as we dismantle these weapons? Should 
we sell it to countries that have reactors that can burn it and turn it into elec­
tricity? What do we do about things like Star Wars defense which is pur­
ported to shield us from oncoming missiles from some hypothesized enemy, 
versus say Star Schools, which is another approach to using public funds. in 
this case to educate our kids better? What about defense conversion? 

We have a whole panoply of issues now suddenly on our plate that we 
couldn't have imagined eighteen months ago that we must deal with as a 
nation. What do we do about re-focusing our industrial strengths toward the 
new challenges of competitiveness? 

That leads me to the second issue. namely of economic security and com­
petitiveness. If you think about it seriously, there isn't a lot of good news out 
there. 

Real income for most of us in the States has been falling for a decade or 
more. Our science and technology lead around the globe is falling. There ·s a 
narrowing; in fact, we have been passed by some other countries in some 
areas of technology now. Our physical infrastructure is decaying. and our 
investment there is far less than what is required for its maintenance. 

Our manufacturing market share is falling dramatically. and it's in manu­
facturing that the good jobs arc located. We were the world's largest creditor 
nation 12 years ago, now we're the world's largest debtor nation. Our educa­
tion and skills are such that Mexican workers making a fourth of our wages 
or less are just as skilled and productive and enor-frec as our own workers. 
Our labor rates arc not competitive with places like Mexico. but the Japanese 
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and German labor rates are passing us now, so labor may become less of an 

issue. 
Executive compensation, on the other hand, is twice the world average for 

other industrial countries. The Washington Post, in an article about General 
Dynamics, says that the chairman has a new plan that doubles the salary of 
some of the two dozen of their top executives if they can only push the price 
of their stock up by 10 points or more over a ten-day period-an unbeliev­
able short-term focus on performance. 

So I think there's a lot of tough news out there that we haven't been very 
honest with ourselves about. There is evidence, however, that we are still a 
very innovative nation and that we're capable of changing, and there are many 
public policies that, in fact, could be changed. We have a lot of tax policies, 
fiscal policies, and research and development policies at the federal level 
that, if anything, hinder motion in the right direction in terms of improving 
our competitiveness. And technology is a common theme throughout that 
whole area. 

Third, health care, health technology, and health costs are clearly a big 
concern. We spend about twelve percent of our GNP on health care now. The 
average for other industrial countries runs about eight percent, but the health 

t care outcome is not all that much better here; in fact, it's not as good in many 
areas. Why? We are the leaders in new technology in health care, but we are 
hemorrhaging funds because of the way we 're running. our health care sys­
tem. So questions of cost-effectiveness, of productivity and of efficiency in 
health care are questions that are constantly before the Congress. 

There are a lot of ethical dilemmas that are emerging at the same time with 
the advancing technology, such as the issue of how we treat our elderly; how 
we strive for longevity, sometimes at the expense of quality of life. We have 
forgotten the Greek proverb that says "The thing to do is to die young. but as 
late in life as possible." And sometimes we want to be heroic and extend the 
lives of people when even their own loved ones know it's too late. 

We have problems of insufficient attention to teenage adolescent health 
problems, teenage pregnancies, drugs and the like, which should begin at 
home, but ultimately do affect federal policies with respect to health reim­
bursement and health research. Health issues of all kinds consume about 25 
percent of OTA's time and effort these days. 

Environment is the fourth on my list of issues. We certainly know that 
environmental problems arise from the inability of a market economy to handle 
this so-called tragedy of the commons. We therefore have environmental ex­
ternalities, ranging from local problems of water quality being eroded by 
folks upstream, to the issue of the upper atmosphere losing its ozone and 
ultraviolet rays coming through to give us more skin cancer and other big 
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problems, to the global warming issue which is an extremely serious situa­
tion in terms of its implications. That now means that we need a new sense of 
who we are and who our neighbors are and what we mean by a community of 
people. 

So we have to face these "market failures" not only on the local level in 
terms of environmental controls, but also on a planetary basis. 

On the good news side. the Clean Air Amendments are working. We fi­
nally had an accommodation after a half a dozen years of tough wrangling. 
We've got municipal solid waste problems that are enormous in every com­
munity but are finally being addressed. One of OTA's roles is to try to help 
Congress understand what the federal and state governments can do about 
municipal solid waste. We know that people, such as you and l, are willing to 
do a lot of work to separate trash. But if in good faith we do that and we 
prevent the trash going to a landfill which is more and more expensive, who 
is it that's going to buy this recovered material and use it in the downstream 
economy. the so-called secondary material markets? Without such markets, 
recycling will fail. 

So when we set goals for ~eparation of trash, at the same time we have to 
think about markets that will pick up and utilize that trash, or we may find 
ourselves spinning our wheels. Market approaches to residuals management 
is a very important issue that occupies a fair amount of OTA's time and atten­
tion. 

Green manufacturing is, in a sense, the next phrase of that theme. Can we 
not only reduce the amount of problems we've inherited from past years, but 
also begin to design products thinking about a closed system; that is, not only 
choosing the materials in the manufacturing so that you make a successful 
product, but also keeping in mind the ultimate disposition of that product 
when it reaches the junkyard or its final stages. 

Problems that are "not in my backyard" range all the way from Superfund 
to nuclear wastes, or even to medical wastes. And the global issues are over­
-riding. 

One potentially enormous problem is that we 're pouring carbon dioxide 
into the atmosphere at a rate that exceeds that of resorption. and also meth­
ane, particularly from anaerobic digestion in animals and in rice production. 
So the atmosphere is beginning to change its character at a much faster rate 
than we've seen since the beginning of the Industrial Revolution. What hap­
pens? Those gases, particularly carbon dioxide, begin to trap the outgoing 
infrared radiation from the eanh. and we find that we basically arc building 
ourselves an effective greenhouse before we have a good idea what its long 
term impacts will be. 

There's no question but what the gas concentrations are increasing. There 
is some question about what the net total effect of that increased concentra-
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tion is going to have in the near term on the earth's climate, on the location of 
storms, on rainfall patterns, on the warming of the season, and therefore on 
the expansion and flooding of wetlands. 

Given the uncertainty about the future, and the fact that we are loading in 
changes that inevitably will affect our future, what is our responsibility now? 
This is not only a local issue. It is a U.S. issue. It is a world issue. But the U.S. 
has a special role for two reasons: One is that we possess technology that can 
enable us to take a different economic road to the future that is less green­
house-intensive. The second reason is because the U.S., with only a few per­
cent of the world's population, accounts for 25 percent of the greenhouse 
load at this point. So we have a special and undeniable responsibility. One 
thing that OTA has been doing is trying to evaluate options that the U.S. 
could take through a variety of mechanisms, which would enable us to con­
tinue our economic growth but shift away from the production of so much 
carbon dioxide per unit of GNP produced. OTA studied the options using 
three scenarios: (l) business as usual; (2) C0

2 
reducing measures that could 

be done at low cost, no cost, or at a net profit; (3) serious C0
1 

reduction at a 
cost ranging up to the present cost of environmental controls. The results 
(Figure l) showed that highly significant reductions in en., can be achieved 
over the next 25 years despite major economic growth, depending on the 
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FIGURE 1. Carbon emissions under the base case, moderate, and tough scenarios. 
NOTE: The boxes outlined with dashed lines represent the reductions in carbon 
emissions associated with control measures applied in each of the three demand­
side sectors (i.e., buildings, industry, and transportation) and electricity supply (elec­
tric utilities); additional carbon offsets afforded by forestry measures are also shown. 
The boxes outlined with solid lines represent total emissions from each demand-side 
sector. Emissions associated with electricity generation have been allocated to the 
three demand-side sectors. Source: Office of Technology Assessment, 1991. 
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form and strength of specific public policies. This information gave Con­
gress a detailed map of what can be done over time. 

The elucidation of options and their costs is the sort of thing Congress and 
other governing bodies need to have when they try to think about public poli­
cies related to global change. Related to environment is a fifth area that inte­
grates the others, and that is energy strategies. You know that the Administra­
tion and the Congress have been wrestling over what our national energy 
strategy should be. We seem to go through this about every 10 years with 
discouraging regularity. 
· As seen from the Congress end of Pennsylvania Avenue, the 
Administration's national energy strategy has been long on rhetoric but short 
on specifics, and the Congress is trying to get to some definite plan that makes 
sense in terms of the overriding concerns such as our economy, balance of 
payments, security, dependence on Mid East oil, and our environment­
local, regional and global. 

I want to underscore that any strategies taken with regard to things like 
energy are useless unless they are applicable for the long term; that is, 25 to 
50 years. That's a long time for a member who seeks election every two 
years. But, that's the time frame we must deal with if we're serious about 
these long-term, socio-technical issues. 

One approach we llied was IO visualize some strategies that are specific 
enough in terms of long-1erm goals thal they can be the basis for accepting or 
adopting policies to try to reach those goals. And, of course, we have to be 
very compact about defining these goals, as Lewis Carroll (who wrote Alice 
in Wonderland and was also a mathematician) said, "There's nothing quite so 
useless as a map that's been laid out on a one-to-one scale." 

When we talk about energy strategy, clearly one of our biggest problems 
is oil because it's so handy: it's plentiful. storable. and transportable. It runs 
our transportation system for all intent and purpose, and it is also intimately 
related to energy security costs ranging from military forces in the Middle 
East to the strategic petroleum reserve. h's a major reason why we went into 
Kuwait. So if you talk about oil, you have to talk about transportation. And if 
you talk about transportation, you have to talk about moving people, that is, 
cars and light duty trucks. because that's where the real action is and that's 
why there's so much focus on au1omobile fuel efficiency standards. 

If we look at oil overall, it's a very interesting situation. Our domestic 
production is shrinking. In contrast, as we move toward the future, our de­
mand is growing. Now. the question is: What do you do about it? What are 
the implications of this long term trend? Some might argue "So what? Japan 
depends far more 1han we do on imported oil and they get along fine." The 
problem is thal Japan also is able to sell enough in overseas markets that they 
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have a positive balance of trade. We do not. Our oil exports last year ac­
counted for half of our stubbornly large balance of payments problem. So we 
have, before we even talk about security or environment, balance of payment 
issues. 

What can one do about this? It seems to me there are two options: One, to 
expand supply or·at least slow down the decline; and two, to slow down de­
mand growth using options like higher efficiency. OTA laid out a number of 
options, costed them out to see if they'd be attractive, and came up with some 
alphabet soup for the Congress to consider. The details, are illustrative. 

On the supply side, while North Slope production will be steadily declin­
ing in the 90s, there are other frontiers that may hold oil, in particular the 
coastal area of the Arctic National Wildlife Reserve (ANWR). It turns out 
that even if one obtained permission to explore the Arctic Wildlife National 
Reserve and did find oil there, the kind of difference it can make is hardly 
discernable on total U.S. supply (Figure 2). You can barely see the effect 
("Alaska II") out in the year 2020, but it's there, and it's touted as an ex­
tremely important option by protagonists. But how important is it compared 
to changing automobile fuel efficiency from twenty-eight miles per gallon 
to, say, 38 miles per gallon over the next 15 years? Well, ANWR, even if it 
were succbsful, turns out to be almost minuscule compared to that one op­
tion of using innovative technology on the demand side. 
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FIGURE 2. U.S. oil supply and demand futures, impacts of improved domestic oil 
supply and fuel economy, and oil backout. Source: Office of Technology Assessment 
1991. 



·l 
I 

l(d1 ENERGY, ENVIRONMENT. SCIENCE. AND SOCIETY 

The big argument between Congress and the Administration is that the 
Administration wants to open up the Arctic Wildlife National Reserve but do 
nothing about fuel efficiency. And so the argument is laking place about 
whether or not to include both or these options in the legislative package or to 
rake one versus the other. 

One national energy question that emerged from this situation is whether 
the nation, for a variety of reasons, would like to hold our imports of oil to no 
more than 50 percent of consumption. This idea has been espoused by both 
the Administration and the Congress as being a worthy goal. The only ques­
tion is: How do we do it? What do we have to do to get there? 

Our conclusion from detailed analyses is that we would have to work very 
hard on both the supply and demand sides. Furthermore it seems imperative 
to do what one can in foreign policy to diversify the sources of oil beyond the 
Middle East. Of course, there's a big problem with this idea, as three-fourths 
of all the oil resources we know about are in the Middle East. So we have to 
be careful about how optimistic we can be about expanding and diversifying 
the sources of oil, and rather think much more carefully about what we can 
do in developing alternative fuels through use of natural gas and renewable 
resources. 

Another observation is about our energy efficiency goals. It's interesting if 
you look at the ratio of energy consumption per unit of Gross National Prod­
uct (GNP) produced; it was consistent from about 1952 all the way up to 
about 1976. and then with the change in oil price and the price of energy 
including some of the external costs, such as environmental pollution cleanup, 
efficiency began to improve and the amount of energy it took to produce a 
unit of GNP fell rather steadily through the late '70s on through the middle 
·gos till about 1986 or so when ii leveled off, and in fact, it's now getting 
\\·orse. Fuel efficiency of new cars, for example, is dropping. Generally the 
long-term trend to higher efficiency that began in the early '70s has begun to 
kvel out, and yet we know technically that efficiency can keep improving by 
at least another factor of two. 

So one national goal one might derive from this situation is that, if we 
chose to. we could increase the efficiency of energy use by probably 15 to 20 
percent per decade. And that might be an interesting national goal for us to 
~et out over the next, say, one or two decades: to continue that trend of using 
our technological smarts to become a much more energy-resource-efficient 
economy. Such a goal would have a number of ramifications then in terms of 
specific policies and research and development priorities and the like. 

Finally, if one looks at electricity use per GNP, you see a different interest­
ing situation. In this case, up to about 1970 electricity use grew much faster 
than GNP; then it leveled out as the price of electricity stopped falling and 
the ratio has basical I y been constant ever since the early 1970s. 
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Again, because the goods a1fJ services that are obtained with the help of 
electricity are so influenced by new technology, one can continue co im­
prove, we believe, the amount of goods and services provided by electricity 
without having to actually increase the electricity supply all that much. And 
so one national goal might be to profitably maintain this recently developed 
condition; to ensure that electricity use grows only at about the rate of GNP. 
We believe there are good reasons to say that this can in fact be done. 

ls such a goal both desireable and achievable? The answer is probably 
yes, if we're serious about it. We see things beginning to happen in a variety 
of ways .. The deregulation of electricity generation and the allowance of rate 
of return to ucil ities for making investments on the demand side of the meter 
are causing a lot of utility investment now to flow to the demand side. 

Exponentials and Sustainability 

My last theme is a bit more blue-sky, it is demography and long term 
transitions. I was amused by a comment of Kenneth Boulding, the econo­
mist. who once said chat "The only people who believe that you can have 
exponential growth in a finite system are economists and other madmen." 

Here are some of the facts. World population growth is exponential. The 
exponential growth rate of resource use, for example of iron ore, is even 
faster than population growth because multiplying growth rate of population 
times economic growth rates gives an even faster exponential. Those are 
bqth long-term unsustainable rates of expansion in a finite system. 

What do we do about it? One thing is we can work on trying to transform 
exponentials into constants, especially the ultimate driving force, namely 
human population. There is a lot of optimism that with luck and hard work. 
world population can level off sometime in the next century. Where it levels 
off and the rate at which it moves to that condition, though, is a very conten­
tious maner, one chat's not being given the attention it merits, but one that 
ulcimarely has a very, very important impact on the future of our 
planet. .. including people . 

You usually see the population curve bending over with a negative slope 
sometime out in the future. Right up to now it still looks like a pure exponen­
tial but·if you look at the margin-at the birth rates, for instance, in Mexico 
and in other advanced developing countries-there is cause for optimism 
that we're finally beginning to see a turn. 

There is more evidence that our projections of the future are becoming 
less exponential and more like saturation curves. One example is called the 
NERC fan (Figure 3) which is an annually updated long-tenn projection of 
electricity demand. Each year the long-term projected demand has been drop­
ping and following much closely the curve of what actually happened. 
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FIGURE 3. Summer peak demand projections comparison of annual ten-year fore­
casts Nerc-U.S. Source: North American Electricity Reliability Council, Annual Elec­
tricity Supply and Demand Reports. 

So there seems to be some evidence that we 're moving from an exponen­
tial world into a world that might be classed as one that's more sustainable. 

Well, you can simplify this thought to an identity that describes the rela­
tion of "pollution," whether it be global greenhouse or some other form of 
pollution, to both population growth and economic growth in terms of an 
identity: 
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The tirst term in this identity is po/111tio11 per 1111it o( cncrgL and that, of 
course. reflects the way you make energy. whether in a nearly pollution-free 
way or in a very polluting way. So that term is very intluenceable by the 
application of technology. 

The second term, energy per GNP, relates to the market basket of the ser­
vices and goods that we choose to provide wi1h our resources (including 
energy). We have moved to a much less energy-intensive market basket over 
1hese past 20 years. But there are many more things one can do there and 
especially in the substitution of technology for energy. For example, a micro­
processor now works in your automobile which automatically makes it more 
efficient. and therefore you use less energy while you still have horsepower. 

The 1hird term is basically per-capita eco110111ic growth. which one would 
presumably try to keep growing. And the last term is /)()/Jtt/ation. Certainly 
that is the most fundamental long-term driver we have in this identity and 
one that we can ill-afford to ignore any longer, because population dynamics, 
barring catastrophe, are very slow to change. 

All 1his translates to two kinds of ways of viewing 1he future: one is an 
exponential world, that's the world we 1ry to live in now. Nowadays, if you 
talk to people about introducing just ten percent more efficiency into our 
energy system, the response is, well. that's all fine and dandy. but all that 
does is take you down to another trajectory that" II gel back up to the same 
energy demand in a few more years. So all you've done is buy a little time. That's 
1he inevitable consequence of an exponential world. It is not sustainable. 

If, on the other hand, the world is moving toward a sustainable condition, 
following the so-called S-curve that any life scientist is quite familiar with, 
that same translation of higher efficiency in the system leads not to just a 
gain of a little time, but to a gain in 1erms of the resources required at any 
time in the future to sustain ourselves at a given level. So a notion, then, of a 
non-exponential future becomes more and more imperative if we think about 
these lransitions thal we must be going through over the next 25-50 years. 

Thomas Jefferson once said that "Sometimes the right direction means a 
change in course." And it seems to me that such a change in course is what 

- we as a people now must seek. Meanwhile, we·re faced with two kinds of 
forces of governance throwing us around. In physics jargon, they are the 
centrifugal forces that throw us outward. and centripetal forces that pull us 
inward. 

In political terms. the centrifugal forces move us toward the imperative for 
a new world 1order, for an integrated global economy and arms control, for 
managing stratospheric ozone and our global atmosphere-those things that, 
in other words, throw us toward international arrangements. 

And then there is the other force that pulls us inward: our loss of confi­
dence in central government, a tragic loss of a sense of nation. This tends to 
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pull us. for economic or political or even cultural reasons, backward to bound­
aries that are almost tribal in nature, and you can see this happening in East­
ern Europe now, but also in our own culture. 

Well, what is that new world order that we now seek but only dimly per­
ceive? Was George Orwell right, that we need some perceived external threat 
so that we can work together on common causes? I would fret and worry if 
that were the case, but it does seem that as external threats disappear, we 
seem to encounter an acute shortage of the kinds of forces and rationales that 
keep us together as a nation, as a people. 

What is the role of technology in this kind of uncertain future? Can we 
provide new options that will assist the world in moving toward a Jong-term 
sustainable future where we can grow, but in ways that are somewhat differ­
ent from the way we used to think about growth? We have an urgent impulse 
to do something, but I wonder if we have the knowledge base to do it. A 
seventeenth century historian once said that "Zeal without knowledge is like 
fire without light." Well, at least in Washington, there is a Jot of fire, but I'm 
not sure how much light. 

Recall that James Madison said that "A popular government without popular 
information or the means of acquiring it is but a prologue to a farce or trag­
edy. or perhaps both. Knowledge will forever govern ignorance, and a people 
who mean to be their own governors must arm themselves with the power 
that knowledge gives." OTA. we hope, is an example of that kind of experi­
ment in participatory democracy that does give people, including our elected 
citizen governors. access to power. But we are sobered by the reality of poli­
tics. It was Victor Hugo who said, "Science has the first word on everything 
and the last word on nothing." 
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Grace or Good Works? 
Reformation of Science & 
Technology in the 1990s 

Throughout this century, we have experienced dramatic changes in so­
cial structures, political regimes, and industrial development-in many 
ways driven fundamentally by scientific and technological advance. 

These changes have become so pervasive and profound that they now compel 
a reformation of science and technology. A comprehensive rethinking of how 
and why they are practised is needed if we scientists, engineers, and science 
and technology policy makers hope to play a robust role in the Twenty First 
Century. In the United States, we have initiated some rieeded reforms de­
spite, I would say, Machiavelli's warning: 

There is nothing more difficul! lo plan. more doub1ful of success, nor more dangerous 
to manage, than the creation of a new syslem. For !he initiator has all !he enmity of all 
who would profil by the preservation of !he old inslitutions and merely lukewarm 
"defenders in those who would gain by 1he new ones. 

Let me describe, briefly, why 1 am nonetheless optimistic about our op­
portunities for success. 

Past is prologue, and the course of science and technology in this century 
reveals them to be, on the whole, extraordinarily positive forces for change. 
We leapt into the Twentieth Century with electricity from the dynamo, and 
have continued at a stunning pace. Advances in aeronautics, information tech­
nologies, and molecular biology, to name a few, have helped to create enor­
mous wealth, to enhance access to people. places, and ideas, and to eradicate 
disease and improve health. Besides all of this advance in technology, Louis 
Thomas has aptly observed that perhaps the greatest discovery of the Twen-

Zuckcrmann Lec!lirc prescn!cd in London. :I December 1991. 
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tieth Century is the discovery of the extent of human ignorance. Scratch any 
surface of the known world and you will quickly encounter the unknown. As 
scientists, engineers, and technologists, we therefore confidently anticipate 
similar displays of the tremendous power of science and technology to help 
achieve human ends for as long as bright, inquiring minds receive the sup­
port they merit. 

But some people, influential leaders among them in the U.S., UK and 
other industrial countries, do not share that extent of confidence. Some argue 
that nations have blindly followed a course mapped out by the practitioners 
of science and technology rather than using science and technology to reach 
destinations defined by common values. For example, some view nuclear 
energy with great ambivalence and fault science for failing fully to anticipate 
its negative consequences. Some believe that the global economy created by 
advances in transportation and communication technologies has vastly_ in­
creased the distance between the "haves" and "have nots" of the world. They 
also wonder whether, with the end of the Cold War, science and technology 
can be transformed to not only push back the boundaries of ignorance, but 
also to address newly prominent concerns such as loss of real income; mount­
ing debt and trade deficits; unemployment; inequities in health care; bur­
geoning population; and global environmental degradation. 

Scientists and engineers must address these concerns. Our contributions 
to security, the economy and quality of life have been recognized and re­
warded for several decades at least We do not, however, enjoy an indefinite 
state of grace. We must constantly earn our salvation, which comes in the 
form of generous support for basic and applied research and development. 
We must earn that salvation by contributing to the felt needs of the societies 
in which we live. We must articulate a vision that more convincingly links 
science and technology to national and international goals. A better defined 
trail that leads from the laboratory to real-world concerns can help to capture 
the enthusiasm and support necessary to bring the potential of science and 
technology to fruition and 10 renew a commitment to pursuit of knowledge as 
a societal good innovative of itself. 

In the United States. we are entering this reformation with, l think, sub­
stantial momentum. Our history, like that of the UK, is replete with apprecia­
tion for science and technology. This struck me forcefully yesterday as 1 
wander~d through the halls of the Royal Society, noting that at every tum 

were the great heroes of English S&T history. Immediately following World 
War II. we in the states adopted a policy for basic research, which was de­
scribed by its principal author, Vannevar Bush: "Progress in the war against 
disease depends upon a tlow of new scientilic knowledge. New products, 
new industries, and more jobs require continuous additions to knowledge of 
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the laws of nature, and the application of that knowledge to practical pur­
poses." Similarly he says; "Our defense ag~inst aggression dema~ds new 
knowledge so that we can develop new and improved weapons. This essen­
tial new knowledge can be obtained only through basic scientific research." 
If you think back, until World War ll the United States had borrowed much of 
its basic research and technology, primarily from Europe. But the advent of 
the atomic bomb, radar, nylon, synthetic rubber, computers, and a host of 
other products demonstrated the power of fundamental research when com-

. bined with engineering skills and vision, and convinced us as a nation that 
we could better secure our nation's position of leadership by making our own 
sustained investments in science. 

Our commitment to Vannevar Bush's premise has been maintained over 
the years. The tension between mission agency needs and the need to ensure 
the overall strength of the research base has waxed and waned in response to 
events internal and external to the nation, including Sputnik, problems in our 
cities, the energy crises and others. We find ourselves in the 1990s, however. 
more firmly convinced than ever before that the research base is a critical 
component of the S&T enterprise, which is absolutely essential to the exist­
ence and maintenance of a modern state. Our history of support for research 
directed toward economic improvements is even longer than our history of 
support for fundamental research. Beginning with the request of President 
Thomas Jefferson to the Lewis and Clark expeditions to explore the west in 
the early nineteenth century. the Federal government has supported research 
and exploration that contributed to the development of our nation's economy. 
The Geological Survey and the National Bureau of Standards were estab­
lished to serve the needs of private resource exploitation and industrial devel­
opment. The Agricultural Extension Service and Land Grant colleges begun 
in the mid·-nineteenth century were both a public and private means of devel­
oping a long term sustainable economy. The Atomic Energy Commission 
was created to make the benefits of nuclear technology available to industry. 
agriculture. medicine, and the electric utilities. The Government's National 
Advisory Committee for Aeronautics (NACA), the predecessor of NASA 
(National Aeronautics and Space Administration), played a major role in the 
expansion and commercial success of civil aviation. Most recently, long-term 
federal suppo11 of research in molecular biology has begun to pay off in di­

verse areas of hiotechnology. 
In many ways. it appears the deck is stacked and the future secure in favor 

of continued support for science and technology by our government. But 
there are wi Id cards. particularly national debt, that can trump what looks to 
be a sure hand. Over the last decade, 80 percent of Americans experienced a 
loss of real income. Our federal debt, which grew by leaps and bounds 0\ er 
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now about 60/40, military to civil. We intend over the coming four years 
to change that ratio back to its more historic ratio of about 50150 which 
obtained during the post World War II years; 

• adopting fiscal and regulatory policies that generically promote 
innovation and investment in our society; 

• investing in education and training, not only during the formal school 
years but in the school-to-work transition in our adult years, because all 
of us, especially younger people, will probably go through four or five 

different jobs during their adult years, it is important to have great 
versatility to respond to a changing job situation; and now, more than at 
any in our past, other time; 

• supporting critical transportation and communication infrastructures; a 
public investment that in turn enables the private sector to flourish. 

We are using information technology, investment in energy efficiency, and 
reform of procurement policy to demonstrate the utility of science and tech­
nology in making government itself more streamlined and user-friendly. We 
are fighting hard to protect the federal investment in R&D from the budget­
cutting ax, advocating the importance of investing in our future even as we 
cut into the overall deficit. I am pleased to observe that the same kind of 
protection seems to happen in the UK. We are trying to fence off these bud­
gets from the kind of fiscal pressures that are going to have to be maintained 

in our public budgeting. 
We believe, though, that our R&D investment portfolio must adapt to chang­

ing times. Defense build-up and a 40-year focus on Cold War scenarios must 
now yield to a new force structure reflecting changed world conditions, to 
foreign policies that aim more directly at the underlying causes of conflict 
and to an increasing emphasis on civilian sector programs. Historical Federal 
agency missions must give way to evolving national goals. Success in estab­

lishing new funding priorities requires a Presidential mandate and close co­
operation between the Administration and the Congress, as well as between 
the public and private sectors. So to this end, President Clinton established 
by Executive Order two new institutions of governance: the National Science 
and Technology Council and the President's Committee of Advisors on Sci­
ence and Technology. These are being created to help us better guide and use 

the power of science and technology as a public instrument. 
To coordinate and shape the federal investment in science and technology, 

the President has established the cabinet-level National Science and Tech­
nology Council (NSTC)-the first and most important step. This Council, 
which is directly analogous to the National Economic Council, the National 
Security Council and the Domestic Policy Council. was recommended by 
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the Reagan and Bush years, is now so large we're no longer simply mortgag­
ing our children's future, it's become a multi-generational affair. The U.S. 
lead in many sectors of the interm~tional economy has steadily diminished. 
The public we call upon for support wants to know: Where were science and 
technology while this was happening? Can science and technology help re­

solve these problems? 
Faced with these questions, and with no cold War bogeymen to create 

distractions, I believe that scientists and engineers must take an active part in 
re-establishing the social contract. We find ourselves smack in the middle of 
the predicament described so well by Antonio Gramsci: "The crisis consists 
precisely in the fact that the old is dying and the new cannot yet be born; in 
this interregnum a great variety of morbid symptoms appear." As assistant to 
the President for Science and Technology, and as Director of the White House 
Office of Science and Technology Policy, I have been given an opportunity to 
initiate changes of governance that are intended to maintain support of sci­
ence and harness technology for national purposes; in other words to relieve 
those morbid symptoms, as we move through the great interregnum. 

President Clinton and Vice President Gore clearly stated recently that this 
Administration intends to direct S&T toward certain definable goals: 

I. Long term economic growth that creates jobs and protects the 
environment; environmental protection and economic growth are not 
necessarily antagonistic as many people have posited. 

2. Maintaining world leadership in basic science, mathematics, and 
engineering. 

3. Making government more efficient and more responsive to its clients. 
That translates, in the White House, into an announcemem to me three 
weeks after I arrived that in the name of efficiency my office would 
include the functions of the National Space Council and the National 
Critical Materials Council all folded into the OSTP. At the same time I 
was to endure a 25 percent reduction of resources. The hard lessons 
begin at home; while it does focus the mind, it wears out the body a bit. 

We recognize science and technology as fundamental underpinnings of 
our nation's future. Thus, we intend to use science and technology to stimu­
late economic recovery and economic growth by: 

• more directly supporting the development, commercialization, and 
deployment of new technology; i.e., to no longer simply depend upon 
serendipitous spin off from military research and development, but 
rather spend more of our resources focusing on the civil side of the 
equation. Ofour total federal R&D budget, which amounts lo about $76 
billion, the ratio of that expenditure in military versus civil sectors is 
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the "Reinventing Government" study led by the Vice President. Its establish­
ment also has bipartisan, bicameral congressional support. So we are very 
optimistic about the opportunity that this provides. The President chairs the 
Council, which will include the Vice President, Cabinet Secretaries and agency 
heads with responsibility for major science and technology programs, and 
key· White House officials. The Council will have several functions: 

• Coordinate the science and technology policy making process. 

• Ensure science and technology policy decisions and programs are 
consistent with the President's stated goals. 

• Help implement and integrate the President's science and technology 
policy across the Federal Government. As you know, many of these 
programs are embedded in a variety of agencies and this can create an 
integrating structure across those agencies. 

• Further international cooperation in science and technology, an issue of 
importance to us all. 

One of the most critical tasks the NSTC will undertake is preparation of an 
integrated overview of federal spending on research and development. The 
Council will prepare coordinated R&D budget recommendations for accom­
plishing national objectives. At present, we contemplate the Council working 
through probably nine Committees. These have not been formally established, 
but I thought I would mention some of them to you so that you have an idea 
of how we are organizing ourselves. The Committees will be formed to re­
flect the notion that technology, like energy and many other things, have 
value only in terms of the way they reflect and respond to overarching na­
tional goals. 

• Food. Health, and Safety R&D 

• Fundamental Science and Engineering Research 

.. Communication and Information R&D 

• Environment and Natural Resources Research 

• Civilian Industrial Technology R&D 

• Education and Training R&D 

• Transportation R& D 

• N;;tional Security R&D 

• International Science. Engineering, and Technology 

These areas of emplwsi\ rellect the Administration's commitment to aim 
its long term S&T investments more directly at national goals, in conjunction 
with agency missions and the Federal Government's investment in research 

and development. 
For instance, the s 
falls within the sc• 
Ad hoc working g 
launch policy. coff 

ties, and the need 
The President h 

mittee of Advi~or~ 
tional group will ' 
involvemenf with 
sential to developi 
that will help Ame 
ate high qualiry jc 
institutions· world 
Advisory Commit 
industry. educatior 
tion has premis~d r 
of public/privat~ ~ 

help de\·ise those~ 
rely on the Ad\ ;sor 
sary to help steer 
technology tow.ird 

With the help o 
impro\e the O\eral 
ments Jnd poli.::ie~ 

remedy the dilemn 
In a long poem she 
goes as follow~: 

"Up0n this gift:J a 

Fall~ from the '~Y" 
The~ Ii<' unqut>'lior 
Wisdc'm cnou~r. to 

But th,·re exist' no 

The ~STC rru\ 
mate demands c'n t 
national needs cJnr 
needs in the compe 
tages ot sy111bi1.'sis. 
cncoumered in Jgc 

Given the de::rcc 
sectors in this c:ndc 



1blish­
e very 
irs the 
1gency 
s, and 

lS are 

ology 
these 

ate an 

me of 

. of an 

.. The 
:c 
·r. 
shed, 
1idea 
to re-
have 

g na-

·aim 
:ti on 
:arch 

·~ 
-~ .. 

~·~, 

'It 'i1 

' :._} 
'•". 

.. ;· 

GRACE OR GOOD WORKS? 213 

and development. The Council will also oversee key specialized initiatives. 
For instance, the so-called Clean Car Initiative that was recently announced 
falls within the scope of the NSTC's work on civilian industrial technology. 
Ad hoc working groups of the NSTC will also address issues such as space 
launch policy, convergence of military and civilian weather satellite capabili­
ties, and tne need for infrastructure renewal in our universities. 

The President has also established, as I mentioned, a new President's Com­
mittee of Advisors on Science and Technology and this re-established tradi­
tional group will ensure private sector advice to the NSTC. Private sector 
involvement with the S&T Council via this advisory committee will be es­
sential to developing public policies and activities in science and technology 
that will help American businesses achieve sustainable growth and help cre­
ate high quality jobs, as well as to maintaining our academic and research 
institutions' world leadership in science, engineering, and mathematics. The 
Advisory Committee will be comprised of distinguished individuals from 
industry, education and research institutions. The Clinton/Gore Administra­
tion has premised many of its plans for national revitalization on the concept 
of public/private partnerships. Our goal for this Advisory Committee is to 
ht::.IP devise those partnerships and to make them work successfully. We will 
rely on the Advisory Committee to establish links to the private sector neces­
sary to help steer federal investments and policy decisions in science and 
technology toward national goals. 

With the help of these new institutions, I believe the Administration can 
improve the overall effectiveness of federal science and technology invest­
ments and policies for national and global objectives. We hope in part to 
remedy the dilemma framed so eloquently here by Edna St. Vincent Millay. 
In a long poem she wrote. the title is "Huntsman, what quarry," a fragment 
goes as follows: 

"Upon this gifted age, in its dark hour, 
Fall~ from the sky a meteoric shower of facts. 
They lie unquestioned. uncombined. 
Wisdom enough to leach us of our ill is daily spun 
But there exists no loom to weave them into fabric ... 

The NSTC provides a framework in which to prioritize the many legiti­
mate demands on the public's R&D dollar. It assures a forum where critical 
national needs cannot rcadi ly be pushed aside by urgent and parochial agency 
needs in the competition for resources. It can sensitize agencies to the advan­
tages of symbiosis, over the isolated pursuit of narrow objectives so readily 
encountered in agency focused activities. 

Given the degree of interaction contemplated between public and private 
sectors in this endeavor. we may approach closure on the issue of whether 
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"positive externalities," for example pollution prevention or enhanced .,;. 

rity, justify the use of government funded S&T in pursuit of economic go 
We may answer at least in part the question of whether projects like the Cl · 
Car Initiative engage the government too closely in private sector affairs;( 
whether they denote continuation of the traditions of the Morrill Act of 186., 
which created the agricultural research system, one of our great scien · · 
and economic success stories. Is it appropriate for the government to he~ 
assure that the economy proceeds in an environmentally sound fashion just 
as it helps assure a safe adequate food supply and a common defense? It· 
appears that division of responsibility between the public and private sectom: 
is determined more by history, tradition, and political muscle than by at~:. 
tempts to calculate an investment's contribution to general health and we1;. 1, 

fare. We know as a historical fact that public investment in research has an;;, 
unpredictable but consistently large payoff We intend to focus much of our · 
effort on shifting the terms of debate to the latter perspective. 

Even without the new S&T Council and the President's Advisory Com­
mittee, we are beginning to overcome the inertia of the situation the Clinton/ 
Gore Administration inherited. For example: 

• We've forged the Clean Car Initiative, a historic alliance with the 
nation's big three auto-makers to develop the generic technologies that 
can enable a new generation of high performance cars and trucks that are 
attractive and affordable, highly fuel-efficient, and virtually pollution 
free. As one CEO described it, our aim is to try to take the car out of the 
pollution equation. This I 0-year technical collaboration with industry is 
a huge technological challenge, in a sense an Apollo mission on the 
ground, but could mean huge payoffs for all parties in terms of 
environment, petroleum import dependence, resource efficiency, and 
good jobs. 

• We've reorganized the Advanced Research Projects Agency (ARPA) at 
the Department of Defense and launched the Technology Reinvestment 
Project (TRP) to stimulate the public and private sector transition from 
defense to dual use technologies that have both military and civilian 
applications. The TRP, led by ARPA, is a fully integrated effort by six 
government agencies working, as it were, as a single team. President 
Clinton has already announced the first 41 awards under this program. 
We received proposals from teams representing more than 12,000 
companies, universities and local governments. Significantly. the 
proposals offering over $8.5 billion in matching private funds and they 
were received in competition for a federal program of $470 million. 
Now, of course, one has to be careful in how one offers, and the 
expectations of, public secto~ assistance to the private sector. I once 
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lived in Tennessee and there was a story of two deer hunters who were 
dragging a deer they had just killed back through the bramble woods, 
they were having great difficulty because of the brambles and out of the 
shadows stepped a person who said, "Gentlemen, I've noticed your 
problems here at getting through the woods with that deer. I'm from the 
government and I'm here to help you. So I note the way you are dragging 
the deer by the antlers. If you were to take the deer by the other end you 
would overcome your problems." Well they thought for a while and they 
decided to take up the man's advice, so they picked up the deer by the 
other end and started to walk along. One hunter said to the other, "You 
know that fellow was right, we're moving a lot faster through the woods 
now", and the other hunter said, "Yes, but do you know we' re getting 
further and further away from the car." 

So we do have to remain goal orientated and check our progress by vari­
ous means as we try to move along. 

• At the National Institutes of Standards and Technology (NIST), under 
the Department of Commerce, despite a very tight federal budget we've 
expanded threefold the funding in 1994 for the Advanced Technology 
Project (ATP) to promote industry's development of high-risk, high­
payoff commercial technologies. This is not dual use, this is innovation 
in the market place of high technology. ATP explicitly abandons the 
outdated emphasis on spin-offs from military R&D as the basis for 
subsistence and focuses directly on the objectives of civil sector 
economic growth. Mind the deer hunters again! It requires matching 
funds, a market-orientated management plan, and consortia efforts. 
Awards are made via competitive, peer-review. 

• We've initiated a network of manufacturing extension centers across 
the nation to work with state governments to assist small and medium­
sized manufacturers, many of whom are still using 1950s technologies. 
These centers disseminate to manufacturers information on new 
technologies and best practices . 

• We've decided an action plan for the National Information 
Infrastructure. This infrastructure-computers, computer data banks. 
fax machines, telephones, video displays, wide band of networks-has 
as its lifeline a high-speed fiber-optic network capability. The 
technology is improving at an unprecedented rate, expanding both our 
imaginations for its use and its effectiveness. Of course. the technology 
is moving so rapidly that it is difficult to think what can be a sensible set 
of governmental regulatory policies that can assure access capability 
and inter-operability and competition in that system. That is one of the 
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tasks before us; to see if we can catch up and get beyond the copper 
cable, as we think how to regulate and have a fair competitive 
environment for this extraordinary technology. The federal role is not to 
go out and lay cable, but rather to enable that process to occur by making 
favorable fiscal and economic regulatory policies. The role we see for 
the government is to be a user; to experiment at the end of such a 
highway and to make effective use of this new technology for public 
sector services as well as private. 

While federal technology programs are important, they cannot succeed 
without change in other government policies. Many existing fiscal, trade and 
regulatory policies stymie rather than encourage investment in new technolo­
gies and new products. The Administration intends to change that. Already 
we have cut our deficit spending, which in turn we hope will maintain low 
interest rates and therefore more patient capital. We are downsizing some of 
our agencies with a goal of over 260,000 fewer civil service jobs over the 
next four years in addition to military downsizing. We feel that cutting of the 
deficit is so fundamental to achieve our ends here and now and also to lay a 
framework under which we can look forward to a resilient future. J should 
mention my new theorem called 'The Rule of Holes." That is, if you're in 
one, the first thing you ought to do is stop digging. That is why we have 
continued to say we were going to stop digging the debt hole we have been 
digging for a dozen years. But it takes more than stopping the digging. Jt also 
requires an ability to climb out of the hole and that rationalizes the invest­
ment in other strategies that will enable us to pull out of the hole, for ex­
ample: 

• We achieved a three-year extension of the Research and 
Experimentation (R&E) tax credit, and we're still working to make a 
permanent tax credit. In other words to provide gained investments to 
those who are willing to make these kinds of investments in the private 
sector towards future products and services. We've also secured a 
reduced capital gains tax for investments in small business. 

• Liberalized export controls on computers, telecommunications, and 
other technologically sophisticated equipment. Once held up in the 
name of Cold War. the process has only just begun, we hope to have 
lrade liberalization in the months ahead. 

• Aggressively pursued bilateral and multilateral trade agreements such 
as NAFTA, US-Japan, and the Uruguay Round of GA TT that will 
expand access to foreign markets for America's high-tech companies. 
Approval of NAFTA by the Congress, I believe, is a major step forward 
in 1his victory in the LJUCst to increase competitiveness in world markets. 
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I must say that I think my boss stepped out on a pretty long limb when 
he crossed swords with many of his long standing supporters in order to 
champion this cause and I was greatly relieved that he won. 

• Announced major changes in federal purchasing and procurement 
practices to make government a better, smarter customer for 
commercial goods. We hope to substitute for many of the past times in 
which we had military specs that cause companies to have to have two 
different lines of production: One to satisfy military specs the other to 
compete commercially with virtually the same product. 

The force pushing commercialization closer to the leading edge of re­
search, that is the drive for international competitiveness, reinforces the con­
viction within government and industry that we must maintain a strong base 
in foundational science and engineering research. Among the many factors 
that have influenced industry's perceptions of basic research, perhaps the 
rise of biotechnology has done the most to persuade them to strengthen their 
links to academia. Industry and government depend on the universities to 
train people and to do fundamental research, so we have committed to sup­
port them. The Clinton/Gore team has identified world leadership in science. 

t mathematics, and engineering as a primary goal of the Administration. In 
San Francisco, I talked to some CEOs in biotechnology. They underscored to 
me the absolute importance of continued federal support for fundamental 
research. They alleged that had it not been for that research support in mo­
lecular biology and the later accommodations as this information began to 
move, that the entire industry, which is now only at its early flowering, sim­
ply would not exist. 

But this does not mean that basic research escapes the requirement of 
reform. We have run up against limits on resources even as many basic re­
search projects grow bigger and more expensive. Worldwide access to re­
search results causes national governments to question whether they're sup­
porting more than their fair share of the world's basic research and generic 
technology development. Thus, particularly in a time of seriously constrained 
resources, we must shake off the expectation that science budgets will con­
sistently and indefinitely expand more rapidly than economic growth. As Herb 
Stein, a noted economist cogently observed, "That which cannot go on for­
ever, must come to an end." A lesson to those who do not understand the 
exponential. We must not recoil from the need to make merit-based choices 
among worthy projects, but we need to agree on some ground rules for the 
triage. I suggest that, especially for large projects, we need to look not only at 
the intellectual excitement the proposal arouses among peers, how much of a 
floodlight can it be, as well as a search light, but also the project's potential 
contribution to the rest of science and its broad relevance or potential contri-
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bution to the nation-to the nation's goals that transcend the agreed goal of 
pushing out the frontiers of ignorance. 

Though my last criterion, i.e. of potential contribution and relevance to 
national goals, is still the subject of much debate, I believe science can be 
more responsive to national needs without compromising excellence or cre­
ativity. One way to do that is to give more encouragement to multi-investiga­
tor, multi-disciplinary efforts. Such an approach favors a problem orientation 
that often lends itself more readily to "relevance" than does strict disciplin­
ary research. Accommodating this type of research requires reform of some 
long standing mechanisms for research funding. I will never forget my first 
interdisciplinary proposal to the National Science Foundation which care­
fully brought together a number of disciplinary things into a coherent whole, 
which 1 was convinced was greater than the sum of the parts. I found out later 
that when it arrived at the NSF the first thing they did was separate each of 
the chapters and send out each one to different reviewers. 

The squeeze on resources, combined with the inherent nature of some 
science and technology projects that drives up their cost and complexity, also 
forces us toward greater internationalization of science and technology 
projects, particularly "Big Science" but all of science to some extent. It grows 
harder and harder for any single nation to justify projects such as mapping 
the human genome, developing fusion power, exploring space. or rooting out 
the mysteries of the "Big Bang." At the same time, financial and political 
barriers limit any one nation's ability to deal with complex comprehensive 
problems for which science and technology can offer i rnportant contribu­
tions, such as global climate change or human population growth. We require 
better mechanisms for multinational planning, cooperative decision-making, 
and decade-length commitments. We intend to explore efforts in joint plan­
ning for one-of-a-kind research facilities, creation or more formal interna­
tional networks in selected fields, networks capable of negotiating agreed 
divisions of labor, and development of more multinational research mecha­
nisms. 

1 nternationalizing science holds great promise for decreasing the huge 
economic disparities that exist among nations. Yet issues such as who pays, 
who participates, and location, among others, can be so difficult to resolve 
that the ill-will threatens accords outside the S&T arena. There is an inherent 
tension between scientific cooperation and economic competition as science 
grows ever closer to economic performance. Improving our ability to man­
age such complexities, including the ability to make longer tenn commit­
ments of resources, will be an important focus of the National Science and 
Technology Council and my office which will be a part of it. 

Many scientists fear the political tide has turned on them. They sense a sea 
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change, driven by hard economic times, the end of "evil empire," and, per­
haps, some disillusionment about the golden promise; and they know of no 
safe harbor. However discomforting all this may be, I believe we should ac­
cept these changes as challenges, not as threats. The emphasis of strategic 
paths for science and technology does not deny the importance of basic re­
seaq;:h. Rather, it encourages scientists to join the national attempt to articu­
late the proper role for S&T in achieving the goals implicit in those values. 

People want a sustainable future. They want a growing economy with more 
high-skill, high-wage jobs; a cleaner environment where energy efficiency 
enabled by technological ingenuity increases profits and reduces pollution; a 
stronger, more competitive private sector able to maintain leadership in criti­
cal world markets; an educational system where every student is challenged 
to reach his or her full potential; national security reflecting a world that has 
been made safe for diversity; and an inspired scientific and technological 
research community focused not just on ensuring our national security but 
also on increasing our intellectual capital and improving our quality of life. 
Scientists and engineers can help enunciate the vision that replaces Cold War 
dominance and chart the course for science and technology in realizing that 
vision. The challenge is daunting, it makes the defense business look simple 
by comparison. But challenge is the very sustenance of innovation and re­
search, so we should welcome it. 

As I noted in my opening, I have reviewed Realizing Our Potential, and 
find it parallels, in many respects, the Clinton/Gore Administration's first 
publication on science and technology policy, Technology for America's Eco­
nomic Growth: A New Direction to Build Economic Strength, which was 
released in February, 1993. Both nations have identified a need for govern­
ment to work more closely with industry in establishing the public's S&T 
agenda; and recognized the need to restructure the priority-setting, funding. 
administration, and management apparatus for science and technology policy 
and investment. 
· We have chosen similar paths for accomplishing our shared goals, and we 
are all treading new ground. We will learn by doing, and I know that we will 
continue to learn from each others experience. Shakespeare knew the diffi­
culty of predicting the future when he said: 

If you can look inw the seeds of time. 

And say which grain will grow and which will not.. 

Speak then to me.. 

However, our task is not to predict the future, but to enable it to unfold in 
ways that can take fullest advantage of the contributions that science and 
technology have to offer. 
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National Security Writ Large: 
A New Role for Science and 

Technology in a Changing World 

T
he Clinton administration faces three immediate and pressing prob­
lems demanding international scientific cooperation and technologi-

t cal innovation. Daunting as it seems: 
• we must manage the restructuring of military forces and associated 

industries, while helping the former Soviet Union to do the same; 

• we must strengthen efforts to prevent the proliferation of advanced 
weapons, while working to integrate formerly Communist states into 

the industrialized world; and 

• we must reinvigorate our own economy-for our security as a nation 
will derive in large measure from our global economic strength. 

To start, we have been guided-and constrained-by commitment to re­
~ucing the federal deficit's "theory of holes." That is, if you find you're in 
one, the first thing to do is stop digging. And we have put forward a tough 
deficit-reduction budget. But we also have to climb out of the hole, so our 
new approach also strongly emphasizes investment. Despite our freeze on 
discretionary spending, the President's budget for fiscal 1995 increased our 
high-priority research and development (R & D) investment by four percent. 
The civilian and dual-use share of that R & D budget is up to 47 percent. And 

we want to bring that share to at least 50 percent by 1998. 
We believe that this shift of resources toward dual use and commercial 

technologies will promote our national security-which brings me to the 

question of defense restructuring. 

Paper presented before the Council on Foreign Relations. New York, March I. 19'!4. 
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The end of the Cold War has not meant the end of conflict. Regional wars 
and civil strife dominate the headlines. And the proliferation of sophisticated 
weaponry is raising the risks and human costs-to us, and to others. In this 
era of shrinking defense budgets, we need to emphasize both sound techno­
logical investment geared to the post-Cold War environment, and the aggres­
sive pursuit of nonproliferation policies. 

We will rely increasingly on mobile, highly trained forces, equipped with 
advanced conventional weapons, which proved their capabilities in the Gulf 
War. To build the forces we need with the resources we have, we need to cut 
our investments in the technologies and machinery once needed in the Cold 
War, and we need a fundamentally different approach to defense acquisition. 

During the Cold War, we built two industrial bases-one military and one 
civilian. The requirements of military contracting often prevented the Penta­
gon from buying cutting-edge commercial technology. And our military con­
tractors were hamstrung in commercial competition. That is, our civilian economy 
could not fully benefit from our military technology base, and vice versa. 

We will integrate the defense industrial base and the commercial indus­
trial base into a single, globally competitive national industrial base. Our 
military forces must have the benefit of the rapid advances in commercial 
technology-particularly in information systems-to produce affordable and 
effective weapons faster, and with smaller·budgets. 

We are also reducing our reliance on nuclear weapons. If it was not clear 
before. it is clear now that their value is limited to deterrence of their use by 
others. For example, we are moving our weapons labs away from nuclear 
weapons testing, so that they can engage in more productive scientific enter­
pnse. 

In downsizing our forces, we will face the problem of excess capacity. As 
we consider our options, we must bear in mind that the weapons we may be 
tempted to sell have a way of being used against us. Balance-of-power-poli­
tics helped Saddam Hussein amass a great arsenal of weapons made in the 
U.S., the Soviet Union, and Europe. If we are serious about preventing future 
lraqs, we will need to take a new approach to security, based on cooperative 
restraint in the sale of provocative weaponry. I! is ironic that despite our 
commitment lo nonviolent conflict resolution, the U.S. remains a leader in 
exporting arms. 

In September 1993, President Clinton announced his nonproliferation ini­
tiative, including a commitment to a negotiated comprehensive test han and a 
global convention banning all production of fissile materials for nuclear weap­
ons. He offered to place our excess fissile materials under safeguards. to 

make clear lo the world that our nuclear arms reductions will not be reversed. 
He submilled the Chemical Weapons Convention for ratification. proposed 
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new transparency measures to strengthen the Biological Weapons Conven­
tion, and expanded the Missile Technology Control Regime. 

That package goes a long way toward controlling the flow of weapons of 
mass destruction. But we must get control of the conventional arms trade as 
well. We plan to take on the intellectually and politically challenging task of 
designing a regime for controlling the spread of advanced conventional weap­
ons, including those technologies over which we have a monopoly. My office 
is presently working with National Security Council, the Pentagon, ACDA, 
the intelligence community, and others on ways to contain the spread of in­
creasingly lethal conventional weapons. I am personally committed to progress 
in this area. 

As part of our nonproliferation effort, we have stepped up our assistance 
to the nations of the former Soviet Union in dismantling their nuclear and 
chemical weapons, and converting their military industries. We plan to De­
fense Secretary Perry, Commerce Secretary Brown, and I will send teams to 
Russia, Belarus, Kazakhstan, and Ukraine to work with these independent 
states on converting their defense enterprises to civilian pursuits. 

As Russia and the United States dismantle their nuclear weapons, hun­
dreds of tons of highly-enriched uranium and plutonium will become mili­
tary surplus commodities. As a recent National Academy of Sciences study 
warned, these materials pose a particular danger in the FSU, where economic 
turmoil is fostering an aggressive criminal underground, and guards are liv­
ing in poverty. At their January 1994 summit, Presidents Clinton and Yeltsin 
signed an agreement in which the United States will buy 500 tons of highly 
enriched uranium (HEU) from Russia, in order to remove HEU from this 
uncertain environment, and blend it down for peaceful use in power reactors. 

However, surplus weapons plutonium poses a more difficult problem­
and one that must be addressed in the context of the far larger global stocks 
of civilian plutonium. which also pose proliferation risks. The President has 
created an interagency group. co-chaired by OSTP, lo devise options for meet­
ing this challenge. 

None of the options for plutonium disposition-from fabricating it into 
reactor fuel to mixing it with high-level waste now scheduled to be melted 
into glass logs-can begin for the better part of a decade. So the priority 
today is to build safeguards and secure storage for these materials. 

Most urgently, we must help Russia ensure adequate security and account­
ing in its far-flung nuclear complex. so that tomorrow we don't find that 
several bombs' worth of plutonium or HEU has wound up on the black mar­
ket or in terrorists' hands. No single issue is more central to the success of 
our non pro Ii feration effort. or more urgent in ensuring that we secure the 
peace, now that we've won the war. 
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The plutonium study and defense conversion efforts are just two examples 
of U.S.-Russian science and technology (S&T) cooperation; President Clinton 
has made it clear that helping former Soviet states on their rocky road to 
reform is a key national security priority. Trade, investment, and technical 
cooperation will be essential for economic revitalization, and will provide 
desperately needed support for the scientific community in the former Soviet 
states-once one of the strongest pillars of political reform, but now impov­
erished and underemployed. 

Under the leadership of Vice-President Gore and Prime Minister, 
Chernomyrdin, we have agreed to a broad cooperative agenda in S&T-from 
fundamental science to energy conservation to space exploration. Our his­
toric joint endeavor on the space station, for example, will mean a better and 
cheaper station for us. and a new future for hundreds of talented scientists 
and engineers for them. I co-chair the joint Science and Technology commit­
tee with Science Minister Boris Saltykov. Together we have successfully ne­
gotiated the first U.S.-Russia Science and Technology Umbrella Agreement. 
That agreement and its annex on intellectual property rights provide access 
for our scientists to a wealth of talent, information, and special resources. 
And they help provide Russia's scientists and engineers with improved means 
to contribute to the transformation of Russia's political economy and system 
of governance. Now that the International Science and Technology Center 
has finally begun its vital mission of engaging former weapons scientists in 
peaceful challenges, we are contemplating a civilian R & D foundation as 
well, to further address the "brain drain" problem. 

Our international S&T cooperation is not limited to the former Soviet 
Union. From global climate change to fusion power, from exploring space to 
pursuing the mysteries of particle physics, we are encouraging international 
science and technology cooperation on a broad front. In the Middle East, for 
example, we've sought to develop new habits of cross-border cooperation on 
shared technical problems-such as regional water management-which 
might undergird the fragile peace process. I will soon convene the U .S.-China 
Joint Commission on Science and Technology-which we hope will be a 
vehicle for more productive relations, potentially allowing us to effectively 
address sensitive areas such as encouraging defense conversion as an alterna­
tive to arms sales. As we consider the possibilities for S&T cooperation, we 
must bear in mind that China is the world's fastest growing economy and 
India is the fifth largest. At the same time, both those countries are contes­
tants in a dangerous regional arms race. Simply put, we cannot afford to be 
Eurocentric in our approach. 

Just as science and technology can support economic reform abroad, so 
can they bolster our economy at home. Cutting-edge science and technology 
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is essential to a cutting-edge economy. When we took office a year ago, our 
commitment was to grow the economy, regain lost market share, and create 
American jobs. 

Here are a few of the things we have done so far: 

• With NAFf A and GA TT, we have opened markets, while protecting 
our federal R & D initiatives in new partnerships with the private sector. 
Freer trade is good for us, and essential for moving the developing world 
out of poverty. 

• We are trimming outdated export restraints, while strengthening those 
that are key to nonproliferation. For example, we've liberalized export 
controls on computers, telecommunications, and other technologically 
sophisticated equipment, freeing up 35 billion dollars in high-tech 
exports, and that's only a start. 

• We've developed an action plan for the National Information 
Superhighway. Linked to this telecommunications network will be 
high-speed computers-another critical area where our Administration 
has already initiated major new investments. Yet to call this information 
highway "national" is a misnomer: We are working toward an 
integrated global network that will be a critical catalyst for trade and 
ideas. We are working actively to link up the newly emerging 
democracies. Access to information is a tool of democracy: The role that 
the simple fax machine and the samizdat it produced played in fostering 
reform in the former Soviet Union provides a hint of the free expression 
the new information technologies can unleash. 

• We've created the Technology Reinvestment Project, to stimulate the 
transition from strictly military technologies to "dual use" technologies 
that also have civilian applications. Already, four rounds of rigorous, 
peer-reviewed competition have resulted in awards worth $605 million; 
and industry will match these dollar-for-dollar. 

• At the NIST (DOC) we've proposed a seven-fold increase, compared to 
just two years ago. in the budget for the Advanced Technology Program, 
a government-private partnership to promote industry's development of 
high-risk, high-payoff commercial technologies-again, on 50-50 cost 
sharing. And we' re developing major new initiatives in science and 
technology education and training. 

• We have targeted environmental technologies in particular-which we 
expect by the year :WOO will be a 600-billion dollar a year global market 
in emissions controls/management and pollution reduction. We have 
put forward a Climate Change Action Plan for the United States, and arc 
increasing spending on research on global climate change by 24 percent. 

•' ,, 
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• We renewed U.S. support for international family planning efforts. We 
forged the "Clean Car Initiative," to build the competitive low­
emissions, high-efficiency cars of the future. Overall, we are increasing 
spending on environmental technologies· by I I percent this year, on 
renewable energy by 15 percent, and on energy efficiency R&D by 42 
percent. 

In all this, we are working in partnership with the private sector-particu­
larly in targeting our applied science and technology investments. We need to 
insure that our manufacturers can use technology flexibly, responding quickly 
to a fast-moving market place while minimizing costs and wastes-what I 
like to call "lean, green" production. 

In short, we are determined to make our Nation's preeminent scientific 
and technological capability truly the engine of economic growth: the ladder 
we can use to climb to long-term national security, economic resilience, and 
environmental quality. 

To enable us to carry out this S&T agenda, we are reinventing the way 
government does business. For example, we have dropped the word "defense" 
from the Defense Advanced Research Projects Agency (DARPA), renaming 
it ARPA: (where we center our work on dual use research co-jointly with 
DOE. DOC, NSF, NASA, DOT). We are reforming our defense acquisitions 
system, and we have launched an interagency review of how the national 
laboratories of DoD, DOE. and NASA can best meet our new national needs. 

To more effectively harness S&T for the nation's military and economic 
security goals, President Clinton has established the National Science and 
Technology Council-a virtual government-wide S&T agency. Like the Na­
tional Security Council, the National Science and Technology Council is 
chaired by the President. and includes the Vice President and the relevant 
cabinet secretaries and agency directors. OSTP serves as its secretariat and I 
am the Assistant to the President responsible for its coordination. 

The Council is structured to make science and technology policy across 
agency boundaries. The President will also establish a revitalized science 
and tcchnology advisory committee President's Committee of Advisors on 
Science and Technology (PCAST) with a new emphasis on government-pri­
vate partnership in promoting our science and technology objectives. Let 
there be no doubt: President Clinton and Vice President Gore recognize sci­
ence and technology as the key to the kind of future we yearn for. 

In the last half-century. science and technology have produced amazing 
accomplishments in the free world. We have unraveled the mysteries of our 
chromosomes, doubled the efficiency with which we use energy, transformed 
the world with information technology, and built the finest fighting force our 
nation has ever seen. Though the challenges we face now arc dangerous and 
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daunting, I am full of hope that science and technology, correctly applied, 
can help us meet them. 

The French mystic, pilot and author, Antoine Saint-Exupery wrote: "As 
for the future, your task is not to foresee, but to enable it." This government 
hopes to pursue scieoce and direct technology to that end. But, ultimately, 
science and technology can only provide options. It is the purview of gover­
nance and the market to transform options into actions for as Victor Hugo 
observed," ... science says the first word on everything and last word on noth­
ing ... ". 
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Envisioning the Future of 
Science and Technology 

Goals for Investment in Science and Technology 
t 

As enunciated by the President in his first month in office, our science and 
technology policies and programs are directed toward three basic goals: 

• Long-term economic growth that creates jobs and protects the 
environment. 

• Making government more efficient and more responsive. 

• World leadership in basic science, mathematics, and engineering. 

Government is an essential actor in making sure science and technology 
help us reach our goals. Many of the benefits science and technology confer 
are in areas that are either outside the market or imperfectly subject to market 
forces-such things as a strong national defense, first-class education and 
training, improved environmental quality, and fundamental scientific research. 
In these areas, a strong government presence in R&D investments is essen­
tial. 

A government role is also vital in promoting technologies that are critical 
to economic growth, the creation of good jobs, and meeting the common 
needs of the nation, but that cannot attract adequate private investment. In 
our partnerships with business for pre-commercial technology development, 
our cardinal rule is to use government funds only where they are essential 
and where the payoff to society as a whole is large. We invest government 

Statement before the Committee 011 Science nf the U.S. Hu use uf Represent~tives. January 6. 
1995. 
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funds, on a cost-shared basis, where private sector investment is not adequate 
to the job because of unacceptably high technical risks, prohibitive cost, long 
payback horizons, or where the returns cannot be captured by the investing 
firm but spill out to competitors, other firms, or society at large. 

Experience teaches us that the likelihood is that the payoff on government 
investments in science and technology, if judicially made, will be enormous. 
It is our steadfast belief that thoughtful federal spending on science and tech­
nology is simply good economic policy. Many economic studies have shown 
that federal money invested in science and technology brings, on average. a 
50 percent rate of return to U.S. society. 

Anticipating the Results of S&T Investments 

The record of the past half-century clearly shows a high average rate of 
return on public and private investments in science and technology. Of course, 
we can only make educated guesses about which investments will catalyze 
re\'olutionary developments in science and technology, and we must expect 
some failures. One of my early mentors, Alvin Weinberg, always said "Never 
make a prediction until you're very old; otherwise you might live to see it not 
come true ... But if the past is any predictor, our expectations for an excellent 
return on our investments are not misplaced. 

In 1975. it was theAdministration's belief that for instance. emerging com­
puter and telecommunications technologies would soon change the conduct 
of warfare: that continued funding of molecular biology would yield revolu­
tionary advances in medical diagnosis and treatments; that progress on envi­
ronmental pollution required major additional Federal research attention; and 
that technology could both quiet the noise and cut fuel consumption in air­
planes. Decisions made at that time to invest taxpayer dollars in those areas 
turned out to be wise, for predictable as well as for unforeseen reasons. 

• Public investments in fundamental research and development on 
information technologies did. in fact, revolutionize the conduct of 
warfare-both the weaponry deployed and the tools used to prevent or 
to prepare for war. Just as importantly, those investments changed the 
nature of commerce, indeed the nature of everyday life in this country. 
Early investments in ARPANet, the first national computer network. 
have brought us to the 25th anniversary of the Internet, a prototype of the 
Global Information Infrastructure. When it started out, ARPANet could 
transrnit only 56.000 hits of data per second. Today, networks using 
technology several generations more advanced routinely transmit 45 
million bits a second-almost a thousand times faster. The Federal 
government provided a relatively sn1all catalyst (a few tens of millions 



jequate 
•St, long 
1vesting 

:rnment 
1rmous. 
1d tech­
: shown 
:rage, a 

rate of 
course, 
atalyze 
exoect 

cellent 

gcom­
onduct 
~evolu­

n envi­
>n; and 
m air-

e areas 
IS. 

!nt on 
UC! of 
Jent or 
:ed the 
1untry. 
twork, 
: of the 
.could 
using 

nit 45 
ederal 
i' 

.·.: .. 

·------.. ........ 

THE FUTURE OF SCIENCE AND TECHNOLOGY 277 

of dollars annually) that has been matched more than a hundred times 
over by private-sector investment in the [nternet. Today, dozens of 
companies are investing millions of dollars and competing to provide 
Internet connections and new services to the tens of millions of Internet 
users around the world. 

• Public investments in biomedical research have, as we expected 20 
years ago, improved our understanding of the root causes of many 
diseases, leading to better preventive and treatment techniques. What 
we could not predict, but benefit from nonetheless, is the multi-faceted 
biotechnology industry that did not exist 20 years ago. Biomedical 
research spawned this industry that already accounts for I00,000 jobs 
and $8 billion in annual sales. We owe incredible advances in 
agriculture and in chemical and pharmaceuticals processing, as well as 
our ability to capture billion dollar markets in health care and other 
industries, to fundamental research in molecular biology and 
development of advanced instrumentation funded by the U.S. 
government. 

• Investments in environmental research and development have 
improved air quality, moved us toward our goal of "fishable. 
swimmable" waters, and, as science often does, revealed unanticipated 
impacts of human life on the natural systems that support us. Twenty 
years ago, for instance, we determined a need to understand the impacts 
of emissions of anthropogenic chlorine, bromine, and fluorine on 
stratospheric ozone. Today we know unequivocally that the ozone layer 
is being depleted because of human activities. This knowledge has led 
to international agreements that limit the production and use of ozone­
depleting chemicals. At the same time, advances in technology have 
resulted in cost-effective substitutes that do not degrade the ozone layer. 
Because of the research and early detection of stratospheric ozone 
depletion, technological response has enabled us to largely avert a major 
global health problem while still providing the benefits of air 
conditioning, refrigeration. and other necessities and amenities that 
once depended on ozone-destroying chemicals. 

• Twenty years ago, civilian jct airliners were powered by fuel-guzzling 
turbojet engines that polluted the environment and disturbed people 
living near airports and under airline flight paths. Today, thanks to 
NASA research in combustion, turbomachinery, lubrication, aerody­
namics, acoustics, and materials and structures, those airliners are 50 
percent quieter, 25 percent more fuel efficient, and emit less than half 
the atmospheric pollutants. Many NASA-developed technologies have 
been incorporated directly into the current commercial turbofan 
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engines, helping U.S. manufacturers attain world leadership in 
technology and market share. 

One could reasonably say that we got even more than we bargained for 
from the government's S&T investments of 20 years ago. They were strate­
gic, meaning they were thoughtfully directed toward goals such as national 
security, high quality health care, and environmental quality. And, in hind­
sight, they were more than fully successful. 

Administrative Investments in the Future 

I am confident our successors in governance in 2015 wi II be able to say the 
same about many current S&T investments-if, that is, they receive adequate 
financial support, both public and private. The Administration's science and 
technology investments are focused on six priority areas: 

• A healthy, educated citizenry. 

• Job creation and economic growth. 

• World leadership in science, mathematics and engineering. 

• Improved environmental quality. 

• Harnessing information technology. 

• Enhanced national security. 

I would like to describe a few of the initiatives we believe will ensure long 
term economic growth, a broader knowledge base to support that growth, and 
a better quality of life for Americans. 

Technology for Economic Growth 

The Administration has made a major commitment to work with the pri­
vate sector on the development and deployment of advanced civilian indus­
trial technologies, both here and abroad. Environmental technologies-tech­
nologies that enable delivery of goods and services with less environmental 
pollution and technologies that trap pollutants or clean up pollution-receive 
special emphasis in our investments. They will allow us to pursue our dual 
goals of economic development and environmental protection because we 
will be producing higher value goods and services with less energy, less waste. 
and less environmental harm. 

During the next 20 years, U.S. industries can significantly expand their 
share of what is presently a $300-billion global industry in environmental 
technologies. The potential public and private returns on investments in envi­
ronmental technologies arc tremendous. 
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This vision of economic growth combined with protection of the environ­

ment is not unfounded fantasy. Over the past 15 years, for example, the Intel 
Corporation (at their Portland, Oregon, plant) has more than doubled its pro­
duction of semiconductors with no increase in emissions, and no new invest­
ments in pollution emissions control technologies. Instead, they have rede­
signed their entire production process to make higher quality chips with less 
environmental impact. 

Also over the past 15 years, research into more efficient wind turbines and 
expanding markets have reduced the cost of wind-generated electricity by a 
factor of eight (from over $.40/kilowatt-hour to less than $.06/kilowatt-hour) 
and made the U.S. the leader in global wind energy production. These changes 
are indicative of what can happen within a time span of twenty years and give 
us a sense of what is possible as we look forward to the year 2015. 

Alan Kay at Apple Computer was right when he said, "The best way to 
predict the future is to make it happen." For this reason, it is necessary for us 
to create strategic alliances with industry, to set long-term goals, to stimulate 
innovation, and to make sure our industries move significantly beyond their 
global competitors. We are doing this, for example, with the Clean Car Initia­
tive and our work with the U.S. construction industry. 

The Partnership for a New Generation of Vehicles, also known as the Clean 
Car Initiative, is one of our premiere ventures into cooperative civilian indus­

trial technology development. In it, we are tackling a technological challenge 
as tough as putting a man on the moon-that is, to develop within I 0 years a 
car with 3 times the efficiency of today's automobiles with no sacrifice in 
cost. comfort, or safety. If the project succeeds, the payoff to the public will 
be huge in terms of less dependence on foreign oil and lower emissions of 
greenhouse gases. The project also holds the promise of an extremely attrac­
tive car for world markets in the twenty first century and a thriving U.S. auto 
industry to produce them. The government (in this case, a consortium of Fed­
eral agencies) and industry (the Big 3 automakers and many suppliers' of 
materials and equipment) are working closely together here to break highly 

challenging technological bottlenecks where the benefits are as much soci­

etal as commercial. 
In our Building and Construction Initiative, our goal is to develop better 

construction technologies lo improve the competitive performance of the U.S. 
industry, raise the life cycle performance of buildings, and protect public 
safety and the environment. The initiative responds to a high level of industry 
interest and combines government and industry goals. Construction is one of 
the nation's largest industries. with employment of 6 million and a total yearly 
value of close to $800 billion, yet U.S. building technology lags behind that 
of foreign countries and the incidence of injury in construction work is among 
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the highest of all industries. We are determined, in full cooperation with in­
dustry, to realize, by 2003, the following future: 

• Better constructed facilities, meaning: a 50 percent reduction in 
delivery time; a 50 percent reduction in operation, maintenance, and 
energy costs; a 30 percent improvement in productivity and comfort; 50 
percent fewer occupant-related injuries and illnesses; 50 percent less 
waste and pollution; and 50 percent more durability and flexibility. 

• Improved health and safety of construction workers, meaning a 50 
percent reduction in construction work injuries and illnesses. 

This initiative is dedicated to removing nontechnical barriers to innova­
tion, as well as putting greater emphasis on research and development and 
aligning government programs appropriately with industry needs. 

Investing in Fundamental Knowledge 

America's future demands investment in expanding our knowledge base, 
in other words, in our people, institutions, and ideas. Science is an essential 
part of that investment-an endless and sustainable resource with extraordi­
nary dividends. The nation's investment in world leadership in science, engi­
neering, and mathematics has yielded a scientific enterprise without peer, 
whether measured in terms of discoveries, citations, awards and prizes, ad­
vanced education, or contributions to industrial and informational innova­
tion. Our scientific strength is a treasure this Administration intends to sus­
tain and build on for the future. 

We have pledged (as described in Science in the National Interest) to: 

• maimain leadership across the frontiers of scientific knowledge; 

• enhance connections between fundamental research and national goals, 
such as economic prosperity, national security, health, and 
environmental responsibility: 

• stimulate partnerships that promote investments in fundamental science 
and engineering and effective use of physical, human, and financial 
resources: 

• produce the finest scientists and engineers for the twenty-first century; 
and 

• raise scientific and technological literacy of all Americans. 

Broad investment in basic research is essential to our national defense 
strategy. A strong domestic science base supporting a robust national secu­
rity S&T program is critical to preserving the technological superiority that 
characteri7.cs our military advantage. The Administration's strategy is to ap-
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ply resources broadly at the basic research level and make further investment 
decisions as emerging technologies reveal the most effective payoff areas. 
Through these investments in fundamental science, we can continue our sci­
ence and technology advances, position ourselves to take advantage of ma­
turing technologies, and minimize our vulnerability to surprise. 

We have given particular emphasis in the first two years of this Adminis­
tration t9 a human resources development strategy aimed at producing the 
cadre of experts necessary for the scientific enterprise of the future; for re­
search and development; for applied fields and industries; and for competing 
in a global marketplace. We are reevaluating the breadth and nature of gradu­
ate training-recognizing that we are not training our scientists merely to 
work in laboratories and universities. We are projecting the workforce needs 
of our future economy and developing methods for fostering the basic skills 
necessary for all workers. 

I cannot predict the science success stories of 2015. But our strong invest­
ment program for basic research sets the stage for the equivalent of: 

• Fiber optics-which were a germ of an idea in 1966 but now carry most 
U.S. long-distance telecommunications. 

• The Hubble Space Telescope-which has opened our eyes to distant 
galaxies in the same way the early space program opened our eyes to the 
wonders of our small planet and solar system. 

• Global positioning system-a confluence of basic research in physics, 
software, communications, and high-speed electronics first tapped for 
military purposes and now rapidly expanding into commercial markets 
for navigation and air safety and monitoring Earth's large scale 
ecosystems. 

• Severe weather prediction-which has emerged from the integration of 
space platforms, large computing power, and continued atmospheric 
science research. 

I am sure we will see equally impressive and revolutionary developments 
in tfie coming years-provided we maintain our strong commitment to basic 
research. My confidence stems, at least in part, from the fact that the process 
of good science inherently contains a healthy degree of skepticism and will­
ingness to weigh new evidence. For example, over the past two decades, re­
searchers in the United States and other countries, particularly Brazil, have 
debated the rate of deforestation in the Amazon rainforest. The answer af­
fects calculations of the amount of carbon dioxide present in the atmosphere. 
In a NASA-sponsored study using Landsat data, this debate was effectively 
resolved, with the study showing that the rate of deforestation was, in fact. 
lower than many thought. 
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Our polar-orbiting satellites also provide information about the atmospheric 
cooling effects of volcanic emissions, specifically from the eruption of Mt. 
Pinatubo in the Phillipines. The extent and the duration of the effects of such 
natural phenomena on global warming must be considered in trying to un­
derstand fluctuations in the climate record. As a nation, we should take great 
pride in our ability to undertake policy-relevant scientific investigations de­
signed to provide information necessary to, but not driven by, the policy de­
bate. 

Space and Aeronautics 

The commitment the Administration has made in space and aeronautics 
technologies reflects the critical role these technologies play in advancing 
U.S. economic, national security, and foreign policy interests. 

The international space station is perhaps the Administration's most vis­
ible commitment to US leadership in aerospace technology. As you know, 
early in the Administration we undertook a redesign of the space station to 
reduce its cost, to improve its performance and safety, to accelerate its sched­
ule, and to make it more relevant to today's economic and political climate. 
The inclusion of Russia as full partners in the station program retlects not 
only the benefits we believe can be derived from the incorporation of Rus­
sian space technology, but also the importance of broad international coop­
eration in the pursuit of fundamental scientific research. We expect that re­
search on board the space station will provide important new scientific and 
technical insights and will lay the groundwork for mankind's next steps into 
space. 

This Administration is also committed to making investments that will 
allow industry to dramatically reduce the cost of space transportation. In 
August, the President directed NASA to begin development of a new genera­
tion of launch vehicle technologies that could eventually replace the expen­
sive Space Shuttle. The President also directed the Department of Defense to 
develop a strategy for evolving the existing launch vehicles into a fleet of 
vehicles that is significantly more cost effective. These government actions. 
combined with the energy and creativity of the private sector. not only holds 
out the possibility for much less expensive access to space for science. explo­
ration, and national security, but lays the foundation for <1 reemergence of US 
industry as the dominant player in the commercial space launch market. 

The Administration's commitment to space technology research has not 
lessened its commitment to space science and applications. Through its Glo­
bal Change research program-including NASA's Mission to Planet Earth 
program-we will gain new insights into the fundamental processes of our 
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planet. These insights can have a positive effect on our economy as we ben­
efit from new knowledge of weather prediction, agriculture, disaster predic­
tion, and other complex processes. 

Besides exploring out own planet, NASA is planning a new generation of 
small, low-cost spacecraft that will provide new opportunities for explora­
tion and discovery elsewhere in the solar system. These new programs, com­
bined with our sustained commitment to important facilities such as the Hubble 
Space Telescope, will expand our already significant efforts to understand 
the nature of the universe in which we live. 

The U.S. aeronautics industry has benefited greatly from its strong re­
search and technology partnership with the Federal government. U.S. firms 
lead the world in the manufacture of aircraft, engines, avionics, and air trans­
portation system equipment. This leadership role has translated into hun­
dreds of thousands of high-quality jobs and a significant contribution to our 
balance of trade-more than $28 billion in 1993 on exports of $40 billion. 
The Administration's continued support for aeronautics technologies will help 
to ensure that U.S. industry remains a world leader in the development of 
new aircraft and engines. Federal R&D will also play an important role in 
helping to ensure the development and implementation of a new, efficient, 
safe, and affordable global air transportation system. In particular, new tech­
nologies such as the Global Positioning systems (GPS) will play a significant 
role in this process and may result in billions of dollars in annual saving to 
the airlines and a significant global market for new U.S. products and ser­
vices. Finally, Federal R&D will help to ensure the long-term environmental 
compatibility of the aviation system. New technologies hold the promise of 
even greater increases in energy efficiency and further significant reductions 
in noise and potentially harmful chemical emissions. 

Principles of the Federal S&T Enterprise 

Science and technology are essential to the various missions of the Fed­
eral departments and agencies. Looking to the future, our agencies must have 
a research and development base that will continually refresh and improve 
the ways in which we carry out our responsibilities. 

Coordination and Streamlining 

In order to confront the budgetary, scientific, and technological challenges 
of the twenty first century, the Administration recognized that significant 
changes were needed in the way we plan and fund Federal R&D. The tradi­
tional single-agency, single-discipline approach to problem solving must be 
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supplanted by a coordinated, multi-agency, interdisciplinary approach. Multi­
dimensional problems can only be addressed by bringing together natural 
and social scientists, economists, engineers, and policymakers. For too long, 
science has been decoupled from informing policy decisions. Fixing this dis­
connect has been one of our highest priorities. 

Over the past two years, the Administration has been working to improve 
the Federal R&D enterprise in many ways. For the first time, the United 
States has a comprehensive, coordinated Cabinet level body devoted to the 
Federal R&D enterprise. In November 1993, the President created the Na­
tional Science and Technology Council (NSTC). The principal purpose of 
the NSTC is to: 

• identify national goals that require concerted R&D efforts; 

• identify the high-priority R&D needed to meet those goals; and 

• coordinate R&D government wide to make sure that adequate attention -
is given to high-priority areas, and to avoid wasteful duplication. 

Although each agency, to accomplish its missions, must have R&D di­
rected to its particular needs, there are some commonalities in the science 
and technology needs of all the agencies. Put another way, overarching na­
tional goals typically cross agency boundaries. This is particularly true be­
cause of the highly interactive nature of research and development with its 
many feedback mechanisms. The NSTC provides a structure in which to pri­
oritize the many legitimate demands on the public's R&D dollar. It assures a 
forum where critical national needs cannot be pushed aside by urgent and 
parochial agency needs. It can sensitize agencies to the advantage of symbio­
sis over isolated pursuit of objectives. 

Through its nine standing committees, the NSTC has identified R&D pri­
orities that link our S&T activities to critical national goals. Unprecedented 
cooperation among the member agencies plus a great deal of hard work in 
1994 enabled these committees systematically to prepare research and devel­
opment strategies to meet the goals. OSTP then worked with the Office of 
Management and Budget to ensure the priority areas received adequate at­
tention-all within a level R&D budget. The result is a coherent, efficient 
R&D agenda. 

To meet the nation's goals in the years ahead-and to continue meeting 
them as the goals themselves evolve-requires that we set priorities for R&D 
now, with a farsighted vision for the future because most of the S&T enter­
prise is inherently a multi-decade process. Even within the science commu­
nity, it can take decades to recognize the significance of a scientific discov­
ery. The NSTC provides the mechanism for providing the vision and deriv­
ing priorities. By creating a "virtual" S&T organization, the NSTC enables 
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the Administration to maintain a productive research and development activ­
ity in each S&T-dependent agency while simultaneously achieving the effi­
ciencies of a cross-linked system . 

In addition to its beneficial impacts on the R&D budget, the NSTC has 
several important policy directives to its credit. For instance, the President 
has issued policy directives that will ensure continuity and efficiency in the 
Landsat and polar-orbiting satellite systems and ensure the appropriate agen­
cies focus on the Nation's long term space launch needs. 

All of the NSTC's work is undertaken in cooperation with the private sec­
tor. One of our key links to the private sector is the President's Committee of 
Advisors on Science and Technology whose members include eminent in­
dustry leaders and academic researchers, including Nobel Prize winners. Is­
sues ranging from technology development to education and training to pre­
vention of deadly conflict require close interaction between government and 
private sector experts to ensure ultimate success in our efforts. 

Cooperation with the Private Sector 

Technology is a powerful driver of economic growth. Over the past 50 
years, at least a quarter of U.S. economic growth-possibly as much as half­
came from new technology. These advances created millions of good new 
jobs, a cleaner environment, better health and longer lives, new opportunities 
for individuals, and enrichment of our lives in ways we couldn't imagine half 
a century ago. Superior technology, moreover, is vital to U.S. national secu­
rity. In a world of ever tougher global competition, U.S. prosperity depends 
as never before on our ability to master new technology in areas like infor­
mation, biotechnology, and advanced materials and to build on S&T advances 
made in other countries. 

Private businesses are the principal actors in converting technology to goods 
and services, to profits and jobs, and they have supported much of the re­
search needed to develop new technologies. But the public (government) has 
three indispensable roles to play in advancing technology: I) ensuring a strong 
base of fundamental science; 2) providing a business environment that en­
courages innovation and investment; and 3) investing in research that is criti­
cal to the economic and social needs of the nation, but cannot attract ad­
equate private support. 

The accelerating pace of technological advance, ever shorter product cycles, 
and rapid worldwide diffusion of technologies mean that many companies 
are finding it harder to justify investment in risky or lower yield R&D than in 
the past Today, the payback to the investing company is often less than half 
the spi II over, or "social return," to society at large. 
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This means lhal government R&D partnerships with industry in growth­
enhancing lechnologies are more important than ever. Wilhout government 
to share the risk at the pre-commercial stage, individual companies are reluc­
tant to take the plunge, especially where a substantial fraction of lhe lotal 

return cannot be captured by a company. The government partnership foslers 
technology advance that otherwise mighl not be made-or would be made in 
foreign countries, with most of lhe benefit going to lheir citizens. 

In general, where there are lechnological risks, R&D projects wilh a strong 
combination of potential public and commercial benefits merit a mix of gov­
ernment and industry support. For example, education and training technolo­
gies that challenge and reward all our children and bring lifelong learning 
within reach of everyone have multiple public and private benefits: a better 
educated citizenry, a world-class work force, opportunities for people to re­
train themselves in response to changing technologies and jobs, and a rich 
commercial market for the learning technologies themselves. Government's 
role in creating the National Information Infrastructure is not only to share 
the costs of R&D for basic advances in computing and telecommunication. It 
is also to make sure that privately financed information superhighways are 
accessible to all Americans. 

The problem of capturing returns on private sector R&D investments is 
especially great in widely dispersed and fragmented industries such as agri­
culture or building and construction. Government must support technology 
advance in these industries, at least on a cost-shared basis, or it won't get 

done. This has been long recognized in agriculture, where government sup­
port of R&D goes back to 1862, with the foundation of land grant colleges 
across the nation. 

Today, many in industry are taking a new, forward-looking view of their 
R&D programs. Corporate cost-cutting drives have led to focusing in-house 
research on technologies that are close to commercialization, at the expense 
of more basic, longer term, or riskier research. The new model of best prac­
tice that is taking form is to create partnerships for riskier, generic, pre-com­
mercial R&D-tcaming with other companies, with universities, and with 
the government. 

We have re-invented these partnership programs to make sure that they 
arc: 

• market-driven, with industry leading the joint research agenda; 

• cost-shared, with the private sector putting up half or more of the 
money, as a quasi-market test to make sure the technological risk is 
worth taking; 

• competitive and pccr-rcvicwcd, to guard against pork in the selection of 
research projects: and 
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• evaluated periodically and rigorously to make sure that the projects are 
having the intended effect. 

With the assistance of wise government policies, U.S. companies have 
recently regained a competitive edge in critical technologies, such as semi­
conductors, once thought lost to Japanese and other competitors. We must 
not return to the days when American scientists and inventors made break­
through innovations, only to see the jobs and profits growing out of discover­
ies and inventions flow to overseas competitors. In a fiercely competitive 
world market place, it would be unwise to rely solely on those programs and 
policies that worked during the Cold War but are unsuited for today's needs. 

The Link Between Science and Technology 

The Clinton/Gore Administration's science and technology initiatives are 
based on a recognition that science and technology are linked in a multitude 
of ways, each building constantly on the gains in the other domain. It is cer­
tainly true that all technological advance ultimately depends on fundamental 
science, and the highly trained people educated at our universities and col­
leges. But old distinctions between "basic" and "applied" science no longer 
make sense in today's laboratories. where, for instance, newly derived funda­
mental understanding of molecular biology quickly yields ideas for new prod­
ucts and manufacturing processes-which, in turn, not only raise questions 
for further fundamental research but also give rise to new technologies that 
enable more effective research. And where progress in such fundamental fields 
as astronomy or elementary particles depend upon technological break­
throughs in optics, computing, or superconductors. 

The relationship between basic research, applied research, technology 
development, and commercialization is not a linear progression. Rather, it is 
full of feedback loops. Often a technical or engineering advance will stimu­
late or enable scientific inquiry. For example, cars powered by internal com­
bustion engines were running on the road before scientists began to under­
stand, even imperfectly, some fundamental principles of combustion. Mag­
netic resonance imaging was founded on basic research in nuclear physics­
but it could not have been put to practical use in medical diagnostics without 
the separate but parallel development of a number of sophisticated technolo­
gies. especially the microprocessor, the "computer-on-a-chip" that could be 
built directly into the instrument. The cancer treatment drug taxol is derived 
from the yew tree of the Pacific Northwest, and without the research to clas­
sify and study the natural plants and animals it might never have been found. 
And most of today's experimental science has become totally dependent on 
the most recently developed technology. 

'41 ... , ...... 
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The search for something practical often forces a new look at the scientific 
principles that underlie new phenomena; the prepared mind is ready to take a 
leap into the practical application. Ernest Shockley, an AT&T Bell Labora­
tory physicist, invented the transistor while engaged in a lab program to de­
velop better switches-but the scientific work of previous decades on solid 
state physics and quantum mechanics was absolutely essential to the inven­
tion. The early age of science provides equally interesting examples. Galileo, 
who developed fundamental astronomy, was also an inventor who spent much 
of his time and energy demanding payment for his practical inventions. 

The blending of discovery and application is repeated across virtually all 
science and engineering-from biomedicine to environment to space explo­
ration and aeronautics to materials and manufacturing. Basic research on 
materials results in stronger, long lasting roads and bridges and lighter, but 
safer airplanes and cars. Today's wonder drugs and tomorrow's bioremediation 
of chemical wastes are direct products of our continuing investments in biol­
ogy, chemistry, physics, and earth science. 

The fundamental point is that basic science, applied science, and technol­
ogy, though different in approach, motivation, and scale, are profoundly in­
terdependent. 

Conclusion 

There has been and will continue to be strenuous debate about the appro­
priate role for government in science and technology. Some people believe 
that fundamental science-basic research-is the only area in which govern­
ment belongs. As I have already said, this Administration does not believe it 
benefits the American people to try to draw that line in the sand. The Clinton/ 
Gore Administration believes government has an essential role in technology 
development as well. Economic growth, quality of life, national security­
all these things depend on a comprehensive science and technology invest­
ment program. For our children and grandchildren to succeed in the knowl­
edge-based, highly competitive global economy, the Federal government must 
maintain a strong commitment to investment in the future. in other words, to 
investment in science and technology linked to long-tem1 goals. 

We are convinced that technology is the engine of economic gmwth that 
will ensure good jobs and a higher quality of life. We know that scientific 
knowledge is the key to the future ... it is the fuel for the engine. 

The Cabinet Secretaries and Agency Heads here today will all agree that 
the Federal Departments andAgencies are working together in unprecedented 
cooperation to provide essential science and technology services to the Ameri­
can taxpayer in an efficient and cost-effective manner. The "virtual agency" 
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created by the NSTC eliminates duplication and waste and gets maximum 
advantage from each investment dollar. Budgetary constraints have made the 
workings of the NSTC absolutely essential, and we have succeeded in shift­
ing resources to enable the S&T portion of the budget to be maintained and 
even slightly increased in key areas. 

We know from your record, Mr. Chairman, that you, too, support science 
and technology and recognize the vital role they play in the future of our 
economic, environmental, and national security. But in looking at the Con­
tract With America, along with the FY '94 and FY '95 Republican budgets 
and other proposals for paying for the Contract, we are concerned. The Clinton/ 
Gore Administration shares your commitment to reduce budget deficits and 
the inefficiencies in government. We have worked, with great success, to 
bring the budget deficit down, to cut government employment and spending. 
But we have also taken great care not to sacrifice our investments in the 
future-in the well being of our children and grandchildren-in the process, 
by commiting ourselves to sustained support of science and technology. 

Our initial interpretation of proposals to fund the Contract With America 
raises our concerns that we will not be able to develop and disseminate the 

t education technologies our children will need to compete in the global, knowl­
edge-based economy; that we will not be able to invest in research that could 
ensure this nation's continued preeminence in industries dependent on bio­
technology or information and communications technologies; that, in fact, 
between now and the end of the century this nation may find itself in whole­
sale, devastating retreat from the investments on which our future depends­
investments in science and technology. This Administration will stand against 
that retreat because it cuts to the core of our guiding premise: we must invest 
in our children's future in ways that promise the highest payoff. 

We arc a nation of explorers. We need science and technology to nurture 
our national soul as well as our economic well being. The Clinton/Gore Ad­
ministration wants to work with the Congress to achieve the goals of the 
American people, including long-term economic growth, an efficient and 
responsive government, and world leadership in science, engineering, and 
mathematics. 
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A new millennium is nearly upon us. The next few years mark thei.' 
sition between the twilight of one age and the dawn of thc;;n 
During this transition, we will have the opportunity to reflecfii 

the great and dynamic changes that are taking place around us: , , 
Here at home. Americans are asking fundamental questions about the e 

cial contract that binds them to each other and to their government. ·:id 

Around the world, new forms of cooperation between govemmentf 
reducing barriers to commerce, science, and culture, enhancing the pros ". 
for new forms of collaboration, and defining anew the meaning of neigh"' 
community, and national boundaries. .:'l 

Dramatic and unparalleled advances in technologies for information, h:" 
transportation and the environment are fundamentally transforming the· 
we live, play, and work. i:~i" 

We continue to struggle with the problems of environmental degrad~~ . 
and overpopulation; with violence and famine caused by centuries-old ctli 
and religious conflicts; and, with an increased threat of proliferation ofw€8 
ons of mass destruction. ···'.If· 

I would like to reflect upon both the role that the space program has plaf~: 
and continues to play, in enabling technological and societal change an~~ . 
these changes have, in turn, al1ered our perception of space research" .. 
exploration. I would also like to share with you a vision for the future of}JS 
and international space activities. A vision that is simullaneously optimis. 
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and affordahlc; practical and, I believe, exciting. : 
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Wernher von Braun Lecture, National Air and Space Muse.um. Smithsonian Institution,~.•. 
ington, D.C., 22 March 1995. · 
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Why We Go to Space 

Space technology has been one of the defining forces of this century. The 
Soviet launch of Sputnik in October 1957 and the ensuing space race to the 
m<?on came to symbolize the conflict between the competing world views of 
communism and democracy. Space became the symbolic ideological battle­
field upon which each country sought to demonstrate its prowess and win 
global influence. 

This titanic struggle yielded dark moments-such as the Cuban missile 
crisis-where it seemed to many that technology would ultimately be the 
undoing of mankind. But there were also bright moments, such as the Apollo 
moon landing, where space technologies seemed to light a clear path to the 
future. In following this path, we have come to recognize several unfolding 
discoveries. 

Space Applications Are Now a Practical and Essential 
Part of Our Daily Lives 

Satellites provide essential communication services to both the developed 
and the developing world. Whether it is the global distribution of news and 
entertainment, or the regional delivery of health care and educational pro­
gramming, satellites constitute a critical component of the emerging Global 
Information Infrastructure. 

Space also provides a unique vantage point from which to analyze and 
monitor our complex planet. Satellites have dramatically increased our abil­
ity to predict the weather and its many consequences. Multispectral imagery 
from space has provided unprecedented advances in regional and global re­
sources management; and, satellites for treaty verification have helped us to 
keep the peace. 

Diverse scientific, military, and commercial applications of the Global 
Positioning System are revolutionizing how we work, play and travel. Al­
though this multi-satellite system was originally developed for military use, 
the United States has welcomed the global use of GPS for a wide range of 
peaceful purposes, including the pivotal role that GPS could play in the glo­
bal air traffic management systems of the future. 

S/Jllce Research and Technology Can Enahle Us 10 Be 
Beuer Stewards of Our Planet 

The very first images of the Earth from weather satellites and from the 
Apollo missions literally changed our view of the planet. In those pictures­
particularly the one known as the "Blue Marblc"-the Earth, hanging in empty 
space, seemed, for the first time, small and fragile. 
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Astronaut Bill Anders, remembering his first view of Earth from the Apollo 
8 command module, said: "Looking at the Earth and seeing it floating like­
since it was Christmastime-a little Christmas tree ornament against an infi­
nite black backdrop of space ... it seemed so very finite. It was this view of the 
fragility and finiteness of the Earth that is the impression, frankly, that I hold 
more in my head than any other." 

It was Dr. Sally Ride, the first American woman in space, who later pointed 
out that although we had sent highly sophisticated spacecraft to study other 
planets, we had not taken a similar interest in our own planet. She led a study 
group that recommended a program to accomplish this task and dubbed it, 
somewhat ironically, "Mission to Planet Earth." 

The simple truth is that we still don't understand well enough how our 
planet works and how human activities are affecting the biosphere. Space 
technology can play a pivotal role in this research. For example, we learned 
more about ocean circulation from a single US/French satellite than in the 
whole previous history of ocean research. Satellite measurements also played 
a critical role in monitoring and understanding ozone depletion in the upper 
atmosphere, thereby averting a major health and biological catastrophe. 

And we are just getting started. Some two dozen missions to study the 
global environment will be flown by the year 2000. NASA's Mission to Planet 
Earth, and its companion programs in the US and other nations, are building 
the knowledge base that is a critical prerequisite for achieving a sustainable 
future. 

Space Exploration Is Providing Phenomenal Insights 
into the Nature o(the Universe 

1994 was an absolutely outstanding year for space science. Indeed, as­
tronomer John Bahcall has called it-perhaps with only a little exaggera­
tion-the most important year to be alive for astronomers since the dawn of 
man. The Hubble Space Telescope is simply wowing the world. Most re­
cently. it has given us striking evidence that the universe may be billions of 
years younger than we thought. It has found conclusive evidence that mas­
sive black holes exist at the cores of active galaxies. And, it"s brought us the 
first views of infant galaxies, which formed only about two billion years after 
the Big Bang. 

And That's Not All 

Hubble data have confirmed the existence of protoplanetary disks around 
newborn stars. This is the strongest evidence yet that the same basic process 
that formed the planets in our Solar System may be common throughout the 
galaxy 
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Looking Earthward, the Compton Gamma Ray Observatory contributed 
to the discovery of a strange new phenomenon known as upper atmospheric 
flashes that may provide a link between phenomena in the Earth's lower at­
mosphere and events in the upper layers of our atmosphere. 

Comet Shoemaker-Levy''s collision with Jupiter in July 1994 was a semi­
nal event for astronomers. Such events may occur in the solar system only 
once every thousand years or more. The early detection of the comet by the 
Near Earth Object Program allowed unprecedented preparation to observe 
this event from ground and space-based observatories, sparking worldwide 
interest from the scientific community and the public. And millions of Ameri­
cans could find the pictures on the Internet! 

Cooperation in Space O.ffers Us a New Vision of Global Cooperation 

International cooperation in space offers a rare opportunity for nations to 
pool their interests and resources in exciting and challenging ventures. Such 
cooperation is a laudable successor to the dark conflict that characterized the 
birth of the space program. The Apollo moon landing was assuredly an Ameri­
can victory, yet it seemed then, as now, "a giant leap for all mankind." 

But the Cold War did not end with Apollo. For years, the US and Russian 
space programs continued along their separate paths, not really competitors, 
not yet partners. In 1984 the "Fire World partners"-US, Canada, Europe, 
and Japan-and close allies joined to build a Space Station, partly in re­
sponse to a similar initiative by the USSR. Then the Berlin Wall came down. 
The Soviet Union fell apart under its own weight, and the world changed 
dramatically. In that light, gradually, we came to see the space program as a 
tool for building peace and international understanding rather than as a weapon 
of the Cold War. 

This is why the Clinton Administration, in its first year, took the bold step 
of inviting the Russians to be full partners in the International Space Station. 

Visions of the Future 

But what next'J Are the glory days of the space program in front of us or 
behind us? I feel confident in predicting that the best years of the space pro­
gram are yet to come. In the future, space will play an increasingly important 
role in our daily lives, in our science, our adventures, and the security of this 
nation. I would like to examine some of the ways in which space technology 
will continue to change the world in which we live. 

Today, we arc in the midst of a digital revolution that promises to trans­
form the way we use and share information. Satellites, including the new 
generations or hand-held mobile devices and broad-band communications 
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satellites, will play a critical role in this revolution. They will provide afford­
able links to the global network from the most remote corners of the planet. 
And they will help link existing terrestrial networks as well. The result will 
be more open markets, more freedom of information, stronger democracies, 
more productive workers, and a higher quality of life for billions of people 
around the globe. 

Satellites will help communications and computer companies to develop 
ever-more sophisticated products and services. "Information appliances" will 
replace today's computers, cellular phones, and televisions: appliances such 
as wallet-sized, wireless, personal digital assistants will help you organize 
your life and keep in touch with your office; newspapers. magazines, and 
books will be delivered directly to your laptop computer. and new learning 
tools using virtual reality or providing access to huge digital libraries of in­
formation will be a few key-strokes away. These new tools will enable users 
to access and manipulate data in ways that we cannot even imagine today. 

We can see examples of what will be possible in the future in the research 
community today, particularly among scientists using remote sensing data 
and computer models. Because their work is so data-intensive and because it 
requires interdisciplinary collaboration, researchers have developed software 
and networking technology that enables people around the country to access, 
manipulate, and share huge data files of imagery. Experiments currently be­
ing conducted by NASA and industry on the Advanced Communication Tech­
nology Satellite are demonstrating that satellites will play an important role 
in networked, high data rate communications. 

The New Explorers-Putting Our Minds Where Our Feet Won't Go 

In the future. we will continue our exploration of the solar system and 
beyond. However, this exploration will proceed in ways that would have sur­
prised, and, I know, fascinated Wernher von Braun. 

The von Braun paradigm-that humans were destined to phy~ically ex­
plore the solar system-which he so eloquently described in Colliers Maga­
zine in the early 1950s was bold, but his vision was highly constrained by the 
technology of his day. For von Braun. humans were the most powerful and 
flexible exploration tool that he could imagine. Today we have within our 
grasp technologies that will fundamentally redefine the exploration model. 
We have the ability to put our minds where our feet can never go. We may 
soon be able to take ourselves-in a virtual way-anywhere from the interior 
of a molecule to the planets circling a nearby star, and there exclaim, "Look 
honey, 1 shrunk the Universe!" 

Today. the great challenge or space exploration and utilization is making it 
affordable and efficient: that's exactly what Dan Goldin and NASA are try-

ing to do. 
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ing to do. The Jet Propulsion Lab, for example, is now developing concepts 
for a ten-pound spacecraft that is no bigger than your fist. 

The next century will likely see the flowering of a new manufacturing 
revolution, enabling an armada of tiny, intelligent machines to travel outward 
from Earth to explore new worlds. These small spacecraft will require less 
power and s)naller, lower-cost launch systems. They will take advantage of 
next generation onboard intelligence capabilities and will have little need for 
elaborate terrestrial control and operation centers. The result will be to greatly 
increase the science output while reducing the physical and human resources 
required to develop and operate a mission. 

There will even be occasions when we conduct dramatic new exploration 
missions without ever sending spacecraft to distant worlds. In the not-too­
distant future, we may have the technology needed to image planets that may 
be orbiting nearby stars. It might be possible to infer through spectroscopic 
analysis of their atmospheres or the color of their oceans whether they are 
life-bearing. What a revelation that would be! 

All of these options will greatly enhance our research into the human role 
in exploration. We are firmly committed to the space station, not only be­
c~use it opens a door to new research, but because it is an essential step in 
understanding how humans react to the space environment. Early in the next 
century we will hopefully solve the difficult problems of bone loss and blood 
chemistry that currently beset astronauts spending long periods in space. With 
this knowledge and the knowledge obtained from our robot explorers, we 
will be prepared to answer the important questions about the next destination 
for humans in space. 

A New Understanding of the Planet Earth 

But of course, even as we set out to explore new worlds, we must also be 
bette_r stewards of the one world in which we all live-and the only world we 
can count on. 

One of the space program's most impo11ant contributions is to increase 
our understanding of our planet so that we may preserve and enhance life on 
Earth. 

As the century ends, the United States and its international partners will 
have an array of sensors in Earth orbit measuring the atmosphere, oceans, 
biosphere and land surfaces, as well as the interactions among these ele­
ments. These sensors will be linked by sophisticated information systems 
providing data to scientists and researchers. This work will produce answers 
to fundamental questions about the Earth, how its systems interact, and how 
and why it changes. 

We will have powerful new tools for analyzing weather, for the longer-
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term prediction of floods, drought, violent storms and the dynamics of bio­
logical change, such as disease and the migration of flora and fauna. We will 
have a complete survey of the Antarctic ice sheet, and we will be making the 
first assessments of changes in thickness of the Greenland ice sheet and the 
first global rainfall assessment. In the future, routine forecasting of El Nino 
occurrences and consequences will be possible with enormous potential for 
economic savings. 

Soon we will be able to perform repeated global inventories of land use 
and land cover from space, evaluate the consequences of observed changes, 
and analyze the consequences of different preventative and adaptive prac­
tices. We will use satellites for the first global assessment of air pollution in 
the lower atmosphere. leading the continual assessment of changes in global 
air quality. 

In short, space technology can give us the information we need to underc 
stand the role that human activities play in this complex cycle as well as the 
influence of natural phenomena. This knowledge is absolutely essential if we 
are to be responsible stewards of this planet. 

How We Will Get There 

Space science and exploration has inspired and enriched us. What more 
could we ask'7 Well, as they say, "happiness can't buy money." The current 
review of budgets and programs both in the Administration and in Congress 
implies that even high priority programs, such as space science and explora­
tion, will be coming under increased scrutiny. That's the bad news. The good 
news is that much of \\hat we must do to develop an aggressive space pro­
gram for the future has already been started. 

First, we are truly reinventing NASA. This means that we must take an 
organization established during the Cold War as a federally mobilized re­
sponse to Sputnik, and transform it into an agency that is more relevant to 

today's economy and today's world, an agency that will once again define 
excellence in space science and technology. This task will be difficult and it 
will not be done without some legitimate pain. 

However, reducing the size of NASA is not an end in itself. We must also 
work with NASA to change the way it does business. The aerospace industry 
has malllred considerably since the days of Apollo. As a result, the private 
sector can now accomplish many of the tasks formerly handled by the gov­
ernment. Satellite communications, space launch, and remote sensing were 
all originally government programs but arc now being offered successfully 
by the private sector. In the future, we must continue to ensure that NASA 
does only those things that it does best. 
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NASA's 1996 budget contains a number of programs that already incorpo­

rate this new approach. For example, the Reusable Launch Vehicle (RLV) 
program will focus on developing low-cost, next-generation launch vehicles, 
while the Discovery program will seek to advance the state of the art of space­
craft for space exploration. Both of these programs have sought, from the 
beginning, to include significant industry participation, management, and 

funding. 
Finally, we must seek creative ways for the space programs of the world to 

combine their talents, resources, and facilities to accomplish goals that are 
beyond the reach of any one country. Space Station and Mission to Planet 
Earth provide us with early examples of this trend. In the future, we must 
seek other opportunities to build durable links between our individual efforts 

in space science and exploration. 
In 1965, President Johnson asked: "As (man) draws nearer to the stars, 

why should he not also draw nearer to his neighbor'? As we push even more 
deeply into the universe, we must constantly learn to cooperate across the 

frontiers that really divide the earth's surface." 
~can all look forward to participating in this important adventure. 


