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Remarks of 
John H. Gibbons 

Assistant to the President for Science and Technology 

A National Strategy for Science and Technology Leadership 
Northwestern University 

Evanston, Illinois 
April 7, 1997 

t Fifty years ago, Franklin Delano Roosevelt set out as powerful and as succinct an 
argument for public support of research a:s I have ever seen when he commissioned the work 9f 
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 of the 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 possibi!ity 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 new 
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 connotations, 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 born. And into this interregnwn a great variety of morbid 
symptoms appear." 

Gramsci's observation is a fair characterization of how we find ourselves as we move to 
the millenenniwn, away from the Cold War, into an era of unprecedented competitiveness, 
economic integration, global envirorunental 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 
. t 
It: 

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

-- We do not know, even in principle, what aspects of the climate are 

-- We do not know how old the universe is, what it is made of, or what 
be. 

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

And the list goes on. 

relationship 

predictable. 

its fate will 

electronic 

The elements of the rapid societal and inst_itutional 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 pervasiYc 
consequences of the information revolution have stimulated a significant ongoing reexamination 
of the scope and scale of govenunent needed to address them. Our sci en ti fie investment 
portfolio must also adapt to this post-Cold War world if we are to march confidently into the 
future. 

2 

-.. 



I share NSF Director Neal Lane's view that we will enter a "golden era of science in 
which the Federal government will be much more a partner with industry, academia, state 
governments, 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, dµll 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 dynamics of 
disparate forces. Granted, this vision is not a current reality, but it is a promising work-in­
progress. We in Government 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 om 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 
space -- 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 drivi.ng the nation's economic and national security, saying: 

"To prepare America for the 21st century we must harness 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 new promise of the 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 of the Internet so that our leading universities and national laboratories cart 
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 of the 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 
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nurtured. 

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

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

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

• The Federal government 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 structures 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 
of Health, 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 information 
revolution and globalization have irreversibly affected the nature of industrial research and 
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. development. Dramatically shortened product cycles, competition for customers and from 
companies everywhere, and the pressure for product quality improvements have, among several 
factors, focused comrilercial 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 crucial to 
maintain our position at the forefront of technological innovation. The Administration response 
is multi-proµged: sustaining our research leadership position; strengthening a business 
enviroriment that supports private sector research and development; investing in technological 
infrastructure; 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. 

t 

Above all, our S&T leadership strategy must be a national - not just a Federal -
strategy. The benefits o(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 the~e 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 governments. 

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 governors, who have warned that the nation's 
universities are under stress. The President asked me to review the government-university 
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partnership. Our principal goals are to identify areas of stress in research, education, and 
administrative regulations, and determine what the Federal government 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 econoffiic growth by 
stimulating the development and use of improved technologies in areas such as advanced 
manufacturiI}g, education, health care and electronic commerce. We will also extend the 
c·apacity of the Manufacturing Extension Partnership to help modernize the nation's 380,000 
small- and medium-sized manufacturers. We will continue the work we have begiln 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. 

t 

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 hwnan resources wi 11 be far greater 
than that of moving ahead. 

Tqe 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 uriiversities. 
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 scienti fie 
discovery. Today, we still look to our academic institutions.for help in addressing our nation's 
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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 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. 

One of the 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 leadership as crucial 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 univers,ities 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 government 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 oiir 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 3:1!10ng 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. 

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 funds are spent. And with the ever-increasing diversity of our 
student population, old assumptions and boundary conditions are no longer effective. Ironically. 
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 
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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 government work better, cost less, and impose less of a burden on our citizens and 
institutions. The common sense approach that we are taking to government means that: 

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

• government recognizes that its customers come first; and 
• the people get their money's worth - that government 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 
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 identify 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 of the 
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, 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 inipact 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 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 butrelevant experience of 
industry in producing efficiencies of outcome and other economies could shape projects by 
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colleges and universities. 

A major activity just getting underway, which I alluded to earlier, 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 Dire~tive, or PRD, to form a multi-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 regulations, and to determine what the Federal role should be in 
addressing those stresses. 

Much of the 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 
government-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. Whatever the causes, the innovation 
system, which accounts for so much of our national progress over the past half century, is in 
stress. 

t 

A major part of the strain results from the uncertainties of Federal research funding 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 i!1vestment 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 Cornford, the late Cambridge University 
philosopher, sardonically observed ne<µ" 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 reforms to improve effectiveness of the 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 
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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 - will sustain our cor;npetitive position even as expenditures are constrained. 

Clearly, one of the 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 funding 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 government. In the face of austerity in discretionary funding: 

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

• In preparing its FY1998 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 

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

• Both basic and applied research budgets increase steadily during this period by about 5% 
over FYI 998. 

• 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 projections are consistent with the President's commitment to balance the budget 
by FY2002 and satisfy discretionary funding 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 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 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%, 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 FYI 998 budget increases total Federal R&D 
funding by more than $1.6 billion over 1997, to roughly $75 billion. This.marks thefifih year in 
a row that Pre.sident Clinton has called for increases in science, technology and education. 
Funding for 6asic 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 MacA voy, 
once observed, "If you don't forecast well, forecast often." Nonetheless, despite the yearly 
rumors of the 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 funding while completing the 
job oftbalancing the budget. Our first guiding principle in formulating next year's budget is to 
protect or enhance funding levels for h(!alth research at NIH, fundamental 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 fully expect 
some increases - including those required to launch unanticipated but exciting new initiatives 
- to be presented each y.ear, at the time that year's budget request is prepared and submitted 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. 

When 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 pro\:'ide breakthrough technologies that generate new 
industries. That is why the Administration continues to place emphasis on govemrnent­
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, government shares the risk. Although these 
programs have experienced significanlpartisan 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. 
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Finally, let me return 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 thoughtful 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 afternoon." 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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Remarks of 
John H. Gibbons 

Assistant to the President for Science and Technology 

Stresses on Research and Education at Colleges and Universities: Phase II 

Government-University-Industry Research Roundtable 
National Academy of Sciences 

February 26, 1997 

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. 

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

~ 

We live in a time of enormous possibility. We have an unprecedented opportuniTy To 
shape the Information Age, to lead the global economy, to develop new life-enhancing 
technology, and to create jobs for the workforce of the next century. Our passion for learning 
and our sense of discovery have always driven this nation forward, and, if we are to make The 
most of this historic moinent, we must renew our national commitment to education, to /earning. 
and to 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 scient!fic 
discovery. Today, we still look to our academic institutions for help in addressing our nation ·s 
major challenges -- jighTing disease, improving the environment, protecting our national 
security, and sustaining our economic growth. But, if we are to ensure the future viTaliry o_f these 
institutions, we must work together -- federal and state governments, the university community. 
and private industry -- to make the far-sighted investments in education and research that 1ri/I 

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 o_( America's colleges and universities in scientific enterprise and to strengthen 
the foundations of support of this role, you are helping to create a brighter future for us all. 



Best wishes for a productive meeting. 

It is signed by President Bill Clinton. 

One of the overarching themes of the Clinton Administration's s~pport for science and 
technology is maintaining leadership across the frontiers of science. The Administration views 
S&T leadership as crucial 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 univers'ities. But they cannot do it alone. That is why the GUIR 
Roundtable was created to foster dialogue among partners, to share lessons learned, 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, learning 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 
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 government for over half a 
cent6ry 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. 

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 of the health, the efficiency. 
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 
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geographic boundaries. 

The heightened demand by the public for performance, and the public expectations 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 solutions that academe, in partnership with 
industry and government, can provide. 

A Time of S.ignificant Stress 

Despite the historic accomplislunents 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 funds are spent. And with the ever-increasing diversity of our 
student population, old assumptions and boundary conditions are no longer effective. Ironically. 
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 sci en ti fie 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 of the 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 de.ficit, 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 government. In the face of austerity in discretionary funding: 

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

• In preparing its FYI 998 budget, the Administration fomrnlated 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°·o 
over FY 1998. 
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• 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 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 useful 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, than.ks to the President's priorities and our favorable 
economic status, is that the FYI 998 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 funding 

levels (remember that previous out year projections had DOE programs sharply 
decreasing); 

• t The peer-review competitive grant programs at both the USDA (the NRI program) and 
EPA (the ST AR program) are up 38% and 21 %, 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 of the 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 uni versa] 
as high school." To help us meet this objective, the President has proposed: 

• the HOPE scholarship, a$ J ,500 tax credit for college tuition, which should be enough k' 

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 to a robust U.S. \VOrkforce. the 
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form of that participation is changing. The information revolution, while creating 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 Internet and networking, 
for example, open I)ew possibilities for distance learning 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 ar~ 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 national standards in reading and mathematics for grades K through 12. 
The results of the Third International 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 nations. Average scores will not ensure our nation's future 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 
imp®vementswould 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 conditions 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 learning 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 internationally-benchmwked 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 instruction will also add to the costs of local professional development. Why 
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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 hurrian 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 evaluation 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 structures and teaching modes to 
raise academic performance. We must learn 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 industry 
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 serve as 
tuto£s in the "America Reads" program. To help all students perfom1 to 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 instruction 
and enrich mathematics teaching and learning 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 that 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. I solicit 
your commitment to do more in partnership with K-12 schools and students nation-wide. 

It is in the mutual interest of the 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 21st century. This is neither easy nor readily · 
predictable. It is stressful. But colleges and universities are adept at tackling hard problems and 
forging new solutions, mindful -- at least some of the time -- that "the key to the future is to 
forget past successes." 

Regulations 

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

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

• government recognizes that its customers come first; and 
• the people get their money's worth - that government 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 
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 identify 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 of the 
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;! 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 workinQ. for several years 

' ~ 

with Federal agencies, academic organizations, and the Federal Demonstration Partnership to 
identify further regulatory refonm 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 
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industry in producing efficiencies of outcome and other economies could shape projects by 
colleges and universities. 

A major activity 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 
multi-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 regulations, and to 
determine what the federal role should be in addressing those stresses. Dr. Ernie Moniz will 
speak to you about this later this morning. 

Conclusion 

In summary, we are counting on our colleges and universities, in concert with their 
partners and in the spirit of the GUIR Roundtable, to 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 to 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. 

t 
In the President's State of the Union address, he issued a call to strengthen education and 

harness the forces of technology and science to enable th~ 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! 

# # # 
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I am very grateful for the opportunity to be on campus and to p_resent this. 

year's Wolfie 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, including the President's science advisory 

apparatus; the National Academy of Science5Committee 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 .. independent spirits collectively referred to as the "mountain 

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 in 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 in a sense, we are doing no less than deciding about 

our future as a self-governing 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 others who have a more optimistic view of the future. 

H ~~~-~l ~ . f . f . thr h owever: see ourse veSJ.m a tLIDe o . expansion o options oug 

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 things, complicate and encumber our future. 

,ko ~+IN!lAl.:t 
It isA.clear that science and technology ~ will"play a central role in 

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

use tthese tools to help bridge our way into the 21st Century. And I expect that 

our journey into-~ next millennium will certainly involve change and 

opportunity and challenge. 

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

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

competition. These changes have opened vast new opportunities for our 

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

~'tiy 
While some see this as a time of crises withAnegative connotations, I take 

the more optimistic view that this is an exciting time for P.roductive change and 
f'H~. d" . 
~ m many unens1ons. 

~ ')(Jt MtMI • 
Aofi I ""' m ac;r& fuis dichotomy of perspective ~, .od I think this 
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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 

born. And into this interregnum a great variety of morbid symptoins appear." 

~sc;~~~ . . 
• I think ~is a fair characterization of how we find ourselves as we 

move to the millennium, away from the cold war, into an era of unprecedente~ 
. +4.p: J ~,.j u.l ~ s 1c.:..J.. tGllffp:par... 

competitiveness, economic integration, global envirortmental stress! regional ~Y-

and ethnic conflicts, and of a lot of other things 

wtftchz;;e~ 

--- -
I certainly cannot subscribe to the notion that science and its partner 

technology are in a crisis, at least a crisis of impending disaster. To my way 

of thinking, a true crisis in science would correspond, for example., to an 
O'C" ~ 0... *7zl4'l~w>-....c.~4f j..,,,.{f frl ~~. 

approach to the limits of knowledge itselt 11 ~spite our extraordinary 

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

quite secure in our .. ignorance. ~l/.H:f~-1 "IL..~?t 
'Jc..fXw-.#... tf~ I 

As Lewis Thomas observed in the Medusa and the Snail: "The only solid 

piece of scientific truth about which I feel totally confident is that we are 

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

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

the· 18th Century enlightenment to be told by any of us how little we know and 

how bewildering seems the way ahead." 

Now that we have begun exploring in earnest, doing serious 

science, we are getting glimpses of how huge the questions are and how far 
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from being answered. But we are making a beginning, and there ought to be 

some satisfaction, even exhilaration, in that fact. The method works. There 

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

proper tools and resources. 

Einstein said,~ 
that one of the most remarkable things about the universe is that it appears to 

""'w-
be understandable. Not so much that we understand itf but it is subject to 

understanding. 

/'J,~n? t7tainly)on'JfoiVµq~ s 
rro,r6cli1ev~ents ur'sc/nc~d ~_µnfy J)l'i)'f 

r- ------ ---

I used to wonder in awe at my father's lifetime in which the automobile,. ~ 
fu~~,:r;:; ~'"\, 

and heavier-than-air transport became possible, the x-ray was discovered~ the ~~ 

neutron and nuclear· fission were di&.cf.>vered. A lot of extraordinary things ~ d.t:.o~ 
""l(.J. f)~U, ~ 

happened that turned ~ upside down. 

~~ 
But then I began to reflect on'IDy still somewhat tender age. It has been 

since I graduated from college .that we have gone into space, that we have 

discovered the reason for the extraordinary species extinction at the KT 

Boundary in which a sudden cataclysmic event completely overwhelmed the 
l'\.c.t-~~ 

slow underlying progression of Darwin's evolution. atal- dramatically broadened 

our view of evolution. We ~i~red continental drift to be a fact and were 

able to measure the velocity of1plate movement; we found the neutrino; we 

discovered DNA and molecular biology. 
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So the last decade, or ·even the year or event of the month will do just 

fine for me in talking about the progress and the state of science. For example, 

over roughly the past year~~tial:~$~~~~an::=tl1E~~~B3~~ 

o ih~ Bose-Einstein condensate, a new form of matter, predicted a long 

time ago, has nbw been observed. This is a microscopic collection 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 

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

deeply connected to the unsettling aspects of quantum uncertainty--ha·s just been 

confirmed experimentally. 

t I have a little piece of paper in my office hanging on the wall that says: 

"Heisenberg might have slept here." And I~ calibrate my visitors ~,:~o 
whether they smile quickly at that statement.. 

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

large (cosmology) are teaching us about the nature o 
~ 

about the~ missing mass which appears t most of our 

um verse. 

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

and JKe e~rl~development of life. The sequencing of an archaea genome, 

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

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

the water is near the boiling temperature and the pressure is at 600 
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atmospheres. All that organism needs in order to live its life cycle totally away 

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

methane. It is neither prokaryote nor eukaryote. And" textbooks need to. be 

rewritten again as of the Summer of '96. ~ · 

o Almost simultaneously, we have encountered intriguing evidence of the 

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

reviewing and advancing these kinds of ~esearc~.!~""~s about .our 

ignorance of the origin of life, its man~& fs;z;here on earth, and its 

possible occurrence throughout the universe. A great scientific adventure 

certainly remains at the frontier for us and our descendants! 

• t Many systems with complex organization pose profound challenges to us . 

The recent paradigm of punctuated evolution has certainly fundamentally altered 

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

its development in response to external stimuli, especially in early years of life, 

are only partially explored subjects at the intersection of the life and behavioral 

sciences. Research in this area is filled with incredible intellectual challenge, 

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

well. 

• And we have just begun to recognize the complexity of the earth system, 

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

recently recognized depletion of the stratospheric ozone layer, and we also have 

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

shrink on a planetary scale. 
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We have only_ partial knowledge of the basic workings of the metabolism 

of the earth's living skin or the biosphere. More complete knowledge in this 

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

the problem of climate change, indeed, of the impact between human activities 

on our spaceship earth and its performance and its durability. 

•· We are early in the ieaming curve when it comes to the issue of 

ecosystem metabolism, of biodiversity and its importance to the working of the 

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

unposed questions--questions of the future in the areas of food security and 

medicine, for example. 

t ~ 1hese dynamic issues of the global environment that are associated 

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

biodiversity--all have a common trait, a very long time frame far beyond the 

kind of time frame .. that I have to deal with in the White House or the Congress 

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

They and related phenomena, such as human population growth, dev~lop 

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 the end of his life that "man has lost the 

ability to foresee and to forestall. He will end up destroying the earth." This 

from a man who had a full life of great optimism about the future. A very 
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sobering observation from a very" wise person. 

j 

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

ib:':M~ei-:T~i-2> Adlai Stevenson, Jr, said that " ... we Americans never 
))u..._.­

seem to see the handwriting on the wall until our back is up against it." .. One 

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

...t!N\O'f"""-Ou,,.J ~ 
The ~ that I see in the area of environment or sustainable 

development can't be solved simply by ignoring ";,..... . 
them. lnnocenceAis not the route to salvation. In fact, such issues will continue 

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

At the same time I must observe that members of the Congress are trying 

to halt the funding of many global environmental research projects despite the 

fact that their scie_I_ltific merit has been attested to by the National Academy of 

Sciences as being very high. Some in Congress want to stop this research~~ ~ 
~ it liberal clap trap! I believe that their real problem is that they are 

concerned that this kind of scientific investigation may indeed disclose the kinds 

(_o-rl') of limits of nature that are anathema to their political philosophy. 

1~--M 
We are in the~ stages of coupling the physical, biological, and 

social sciences in the pursuit of global knowledge. The admonition of C.P. 

Snow is still with us that we need to continue to try to bridge that iml' 'rHmt ~ J~ i·U:'l­

gap between our cultures of natural science and social science in order to~~ 
tackle many~ research questions. 
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This coupling certainly is essential if we are to define and understand 

and, therefore, react to the notion of a carrying capacity of the earth for 
1 

Is Issue, we must not only define the technolog ~ 

of life that 

that requires be· g sens1t1ve to umbers. 

thit one of e problems f~ is that' wo d rather com "t suj ide 

ut beyond arithmetic, re is a question of b.9' far 

technology and science can carry us in alterin the. equation of carr ~L--~--­
apacity is a strong function of the degree with which we use our 

t 
intellect"yto provide for goods and services with minimal impact on resources. 

~+-hd-~~ 

~A. key j:r~~f the Clinton administration is that by embracing, 

supporting, and sustaining research in science and engineering, we can provide 

for environmental ~ality and the protection of our fu·ture generations while at 
~ f°l-41' ,,·+;.f9V. 

the sa?1e time providing goods and services to our economy. A}I. goes against 

the grain of the traditional paradigm that somehow environmental quality and 

other amenities of life are in fundamental confrontation with providing the 

physical amenities. llf£P. 

This seeming dilemma was illustrated in a cartoon in the New Yorker in 
~ 11:~ eJ:; . 

which two people were standing on a busy street comer in"~v-k. One 

said to the other, "You know, the way I look at it, there is a tradeoff for 

everything. You want a high standard of living, you settle for a low quality of 
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life. II 

,, . +"1~· ~.,~ ,.e... 
j 

;f would claim that is not~e case. Indeed, so does the President. 

'We all too often f think of standards of liv~~i.venient, 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 longing for quiet empty spaces, for privacy, independenr,-and 

other conditions essential for preserving and enlarging the peculiarly human 

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

-- - -
~ Let m~ ~m to the issue of funding for scienpe and t~c~ology for a 
l'c«44'<. ... c.t..&.t~~ ~"°"""JJ.f4..~ CA...·f-~ ~ 14" ,,.,,~·;/.' 

moment/' I thinK all of us need periodic reminders about the rewards of 
t 

investing in the future. We have done this well in the past. Our global 

competitors in defense or aeronautics, enviroilmental technology, medical 

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

areas have all learned from our example. 

J-~ lkoW" 

""tt.v.~ 
~~Some of..flmm make similar or greater. investments than w~1 -f/· 
. ~r- .. ·~r/LJ....~""4~-1~~~ 

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~, even though they have half our 

population. 

In the context of Aesop's Fables, some of our most worthy 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, the Federal 
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Government saw opportunities to invest for a better future, persevered in those 

investments, and reaped ample rewards. · 1 

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

basic physics 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 in physics and software communications and high-speed electronics. 

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

expanding in the commercial markets for navigation and air safety, as well as 

contributing to agricultural and ecosystem management. 
t 

• Severe weather prediction emerged froni the integration of space 

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

prevent the loss of life and property. 

' Biotechnology resulted from decades of basic research in molecular· 

biology and computer science and now provides diverse services from 

pharmaceuticals and health diagnosis to improved foods. 

~ 

But I am concerned that we are becoming a little bit"like Aesop's 

grasshopper ~ than the ant--the grasshopper who sang the summer away. 

In unison we sing less government, lower taxes. But there is dissonance when 

we try to talk about preparing for the future and putting aside something for our 

children and our grandchildren. 

11 



That is one n;ason L.am very pleased to be in this Administration in 
4td...v~~ 

which the Presidenr-constantly addressfJ this question of investing for the ; 

future, including providing for ~enishment of natural resourc~s we 

consume with knowledge and technology that.provides similar economic 

opportunities for future generations. 

The Federal Government clearly plays a pivotai. role in assuring our 

leadership in science and technology. 

Feder~arc;:-v~:-!rlnered with private sector innovators 

have led directlY. to the kind of leadership of U.S. firms today in agriculture, 
~A-l_ 

aeronautics,"semiconductors, computers, communications, pharmaceuticals, and 

~other AfJWF leading industrial sectors. ~~ lM.AJ' ~~J lflil 

«fJI ~---i- If -'""4 - sf.I' ~~ /'---~~_!FM . 
r ~ ~·U4-r~~-~!!63 ~ ~ ~~~ ~~ 

U;;;/; w:LR.k "'-'1~ 12~4#~ -.r~~ ~ 
/JfWP?- ~~ ~ 4~ ,., j 1 .. urf--~~~ 
~~ .r - _ I .. , • :dl4,_ 1 -- • f'?...' ~ /,,.·~p ~.-Po~'l.j) IO....r &_'-1....~t.-



Finally, I would ~like to reflect on the undei;lying.t"1itres:s•rcauses of s~~ 
~~ ~~~..:... ~,,.._J. , 
~~we now observe~~ the science community~·~·. 

~t-L- ~.it. 
·I would posit three factms that I think we ought to try to keep ;m m~ 
(A;(.~ 

First 8 to address the consequences of our long-held paradigm that the -
exponential is our friend. Humcinkind, especially Western civilization, ~ 

h tl . d . . . ~~f .. ~f 1"4"~~ as ong v1ewe expans1omsm;: expansion 01, , o preuctlcm, o 

occupation of the land, as a vital life sign, the route to a better life;""- 14<.~~ ~~r; 

1~~· 

Implicitly, science and technology have joined that metaphorical 

westward expansion that ereaQiJQWaM; Ken Bolding titled the cowboy economy~ '/JM 
namely, move west and produce more. The notion worked remarkably well for 

quite a time in our national history. But now we have run out of geographical 

frontiers, and there is much frustration with science itself, in part because it is 
dMu.n...W. 

now ,;. o Aug limits that are not welcomed in a cowboy economy. 

~ 
Herb Stein, a highly regarded economist, once addressed the "ftERiCn of 

exponenti~~e following way. He said, 11 That which cannot continue 

forever must at some point come to an end. 11 It sounds simple, but when you 

get down to the practicality of it and the paradigm change it implie~ it is a 

13 "~~ 
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really great challenge for us. ~ -::::::..i..,.L~ 4 .,_, ~ .,,... • . ., v If 
i 

41~~ ~~:mid hope we can take into account is the fact thatJ 

largely driven by"science and technolog~m•ss and by the mounting 

complex~ty of our society, the ability of our ·1Mt1i~ to acc6mmodate and 

to adapt to change is sorely stressed. 

~~+J- ic,.~ 
This, I believe, is on~~xplanation for the"rise in revisionism, in ultra-

. ~ ..t..... ?."" .......... CA..: ~$ 

fundamentalism, in anti-science~ all emergtlfg from"'frustration with the situation 

~find themselves in. ~ 

Th~actor, is that 9M ~~there has been a losSM"UoJ~ 
-j..UJLNJ.,..._ 

of the social contract between society and the g@t01Hific community. The¥ ul-
bargain of a half-century ago was to keep us out of a hot war with the 

~ ..... 7;/,..J. s ~ 
menacing .SQvitt Union:- to create economic wealth, and improve human health. 
~·~--

That~Wffs the underpinning to the support of science for decades . 

....... ,tt.i -~ u, ,....._4,; ... : •• : .• r'-1' J,_,,,,_,~~ 
The 9'1L't~ ~ 0ogad L p:zjszet! by Rachel Carson and by 

other events in which science, or at least the applications of science~med to 

be taking us in the wrong direction. A couple of decades ago, Robert 
~ 

Heilbroner observed that litis may be the last generation that has the opportunity 
·..µ UM 4-. ."J.lt.J._ 

for society to wrest control of • future away from thellforces of technology. 

~-/4u~~~~6 
This discomfort4was further underscored by the cancellation of the 

~ 
superconducting supercollider several years ago, refle,cting in part a"conviction 

~.,~~~-~~,i.v 
that this kind of scienco/'WMi"Wt:: sci Lts5 ~ pabllMls not sufficiently relevant to 

14 
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~ interest to hold its support. Even if science isn't understood, if people have 

a feeling it is going to affect their lives in a positive way, such as, for instp.nce, 

research in molecular biology, people will still support it. But if they neither 

understand the science nor have a feeling that. it is relevant to their lives, then 

~T/,u. 
-~~ . 
~: .. -h 

the social contract is broken . 
• 

Thete are attendant 

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

frequently communicate the activities that we are engaged in and theirftelevance L..~ 
~ ~ / 

,.. · to the needs and wants of society. 

mtell~nnm~~ to integrate across 
zr ~.LJ ~ ~. ~":;:;;;; . 

disciplines, ~ ~tural and social sciences,"to address not only the frontiers of 

knowledge but also the frontiers of concerns of our society. 
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Remarks by 
The Honorable John H. Gibbons 

Assistant to the President for Science arid Technology 

at the 
Presidential A ward for Excellence in 

Science, Math, and Engineering Mentoring Awards Ceremony 
Room 450, Old Executive Office Building 

Washington, DC 

September 25, 1996 

The Significance of the Presidential Mentoring Program 

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

You are the first group of awardees in this program. The.President intends the 
progqi.m 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 turn of .the century, 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 opportunity - 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 that 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 w 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 congratulate each of you for the contributions you have made to the lifting of 
peoples sights; to the kindling of excitement about learning; 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 tq others that the President seeks to recognize. Our nation deeply appreciates your 
service. 
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Remarks of Dr. John H. Gibbons 
Assistant to the President for Science and Technology 

In Celebration of 
The Presidential Award for Excellence 

in.Science, Mathematics, and Engineering Mentoring 

to the 
National Action Council for Minorities in Engineering, Inc., New York 

Consolidated Edison Company 
New York, NY 

February l l, 1997 

• 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 to 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 afternoon, 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 chosen by President George 
Washington to 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 frustrated him to the point of resignation, whereupon he took all the plans 
and maps back with him to 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, yet 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 to NACME epitomizes their spirit -- and our personal and 
national investment in the next generation. 

• The Presidential Men1oring 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 their 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 organiz~tions." 
Unlike institutions of higher education, CBOs leverage resources and influence from 
outsi~e 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 earn 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 that "keeps 
giving." They, in tum, raise and reinforce our expectations. 

• So it is with pride and joy, both as a scientist and the President's Science Advisor, that I 
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 

t 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 2 lst century. Thank you. 
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Remarks of 
Dr. John H. Gibbons 

Assistant to the President for Science and Technology 
and 

Director, Office of Science and Technology Policy 

atthe 

Council on Foreign Relations' Energy Task Force 
Was_hington, DC 
April 30, 1996 

Science, Technology, and Energy Security 

I. Introduction 

D y· , 9 , Le cS2_(} 

I 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. 

How.ever, 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 mostpopulous 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 ef!Jciency 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 a~pirations. 

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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II. 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 



sources of energy supply and technologies of conversion are developed 
that place less stress on the environment. 
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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. 

III. Energy demand alternatives 

Most of the increased demand will come from developing world. As we 
have seen in the case of Chiria 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 
finprecedented 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. 

Look, 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 generati<;m, 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. l 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, 
~etroleum 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 n.ations 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 m energy. 

If we paid the full 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 initiativ.e. This is a cost-shared rese~ch 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 coul.d 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 
and 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 
Romm in their article in the April edition of the Atlantic, a relatively small 
investment in developing and deploying highly reflective 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/ Erlich 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. I have illustrated one possible mix of 
energy sources in the future that assumes no concerted policy effort is 
rhade to reduce C02 (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 C02 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 C02 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 c:onfident 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 proliferation 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. 
t 

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 generating 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 I 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 times 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 billions of 
dollars -- a cost that should be seen as an investment in security, just as 
the 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 
ope~ational 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 nonelectric 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 



p. 11 

heroic investments in renewable sources of energy, the 
Intergovernmental Panel on Climate Change developed a scenario 
whereby renewables supply all new energy req~irements after 2050. 
Even this highly ambitious proposal, however, confirms that renewables 
will not be able to displace existing demand for fossil fuels until 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 
qas 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 electricity 
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 1/3000th 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 di.le 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 flows, particularly fossil fuel resources. 

ltdo 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 energy 
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 
thes~ 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 
\Ve must choose our course now. 
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I . , 

Assistant to the President for Science and Technology 

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 enonnous impact Ron had 
in redefining the role of the Department of Commerce, in fostering American business 
ovetSeas, 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 t~_at vei_n, let m~}Jegin -otrc_disciissi·on loday by reaffirming that-·- harcf as the last 
year has beeri -- still we have reached important common ground between Congress and the 
Adminislralion on a number of key issues. We are jointly committed lO 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 
Prcsidenr'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 technol.ogy 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. P.resident. 
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 bu~get 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 
taxp~yer-funqed 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 commiunent 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, I 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 businesses 
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 r0C:1ds 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 paymenfof $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. 

~ 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 I 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 $1.9 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 
technolqgy 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 
mainlain 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 
million, 103 more than last year, to Russia and others to dismantle 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 Lo sign a Comprehensive Test Ban Treaty this year by helping us maintain a safe 
and 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 fr:om 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 FY9.6 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 not 
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, 
nei thcr does AAAS. 
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I'll be happy to have the debate over the out 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 ouc. 
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 balantes the 
budget by cutting research to finance tax cuts for the wealthy. Instead of maintaining the 
resea*rch 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 I 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 aloqe 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 states have an important enabling role to play in bringing this future about. 
Over the last year, at my request, former Governors Richard Celeste of Ohio and Dick 
Thornburgh of Pennsylvania, working with the National Governors Association: the National 
Conference of State Legislatures; the Carnegie Commission on Science, Technology, and 
Government; and the American Society of Mechanical Engineers, formed the State-Federal 
Technology Pannership Task Force to recommend ways to improve State-Federal technology 
partnerships, with particular emphasis on ways to stimulate economic growth. 

-•J 



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 wbuld 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. 



Science in the Age of Possibility 

Our willingness to adapt to new and changing environments -- even when it's painful 
-- is a hallmark of the American people. We are tinkerers, and fixers; improvers and 
builders. We are a bold and innovative people. We are vi"sionaries 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 hwulred years ago, we movedfromfarm to 
factory. Now we nwve 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, 
makin1g possible new approaches to old problems. For example, as biologists, chemists, and 
engineers tackle tough pollution cleanup and containmen_t 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 u~ 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 righl; 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 biomedical 
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 Megascience Forurn explores new models and approaches to international 
cooperation. We must nurture these arrangements, learn from them, and seek out similar 
opportunities. 
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Scientifically, these are- exciting times that_ hold much promise for remarkable 
discoveries. Even under the present and foreseeable tight budgetary conditions, our funding 
priorities are 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 mu.st 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 lo 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 win.ter blizzards blanket Canada with snow, and the swallows 
always come back to Capistrano. 

t 

In contrast, the suddenness of events like volcanic eruptions and earthquakes shocks and 
disturbs us. More gradual, yet profound, changes in natural processes and features that seemed 
comfortably constant also concern 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 California; and decades later, off Peru signaled powerful, unknown forces at 
work. Perhaps the most unsettling is a significant change in the cyclical events to which we are 
accustomed. Loss of the autumn salmon run. 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 discontinuities 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, of the Earth system, is 
one of the most significant products of the scientific endeavor and has enabled humankind to 
accomplish things beyond even the dreams of fabled King Croessus. 



. 
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In fact, it is no exaggeration to state that the advance of the Earth sciences during the 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 "Earth 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 ~omputer 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 instructive to think of the various processes and components of the Earth system like 
the pieces of a puzzle. As we discover the pieces and learn their characteristics and how they are 
conneqted 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 sanitakon. 
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 learn how to reconcile the economic and environmental needs of today's 
population, it will be impossible in coming decades as world 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. 
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At the nexus of science and policy is an understanding of the 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 thriving within the parameters of the physical Earth system. And, of course it is 
only through 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 world's people down through the 
generations. Most fundamentally, we require knowledge. 

The thoughtful application of knowledge can help us ameliorate today's environmental 
problems, and prevent those of tomorrow. We have successful examples to inspire us. Consider 
the case of stratospheric ozone depletion, of which we are all so vividly reminded by its 
recognition in this 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 Crutzen. They predicted that industrial 
chemicals would deplete the 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 the 
work of other scientists using ground-based, aircraft, and satellite measutements, together with 
laboratory studies and theoretical models. The scientific community worked together to produce 
a trem*endous advance in our understanding of atmospheric chemistry. But the story doesn't stop 
there. 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 the worst effects, and the whole world will reap the benefit. 

Clearly, we can affect the future in a positive way. I think we should keep in mind the 
words of C.P. Snow: "A sense of the future is behind all good politics. Unless we have;t, we 
can give nothing--either wise or decent--to the world." 

Increasing our understanding of the natural climate system and the impact of human 
activities is a necessary part of this endeavor to gain a sense of the future. As we consider the 
future, we must consider weather 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 
of 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. 

The Earth's climate has been relatively stable during the present interglacial (i.e., the past 
I0,000 years), the period during which human society has evolved. However, the Earth's climate 
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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 time). 

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 reC:ord number 
of Atlantic/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 (IPCC) 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 significantly 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 ofrecent events. 
The 1992 drought in southern Africa destroyed one of the region's principal subsistence crops 
and the U.S. experienced a traumatic multi-year drought in California 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 "500-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 patterns around the world, affecting the weather from Australia to South and 

4 

• 



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 productivity, the change in currents 
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 underlying physical 
phenomena sufficiently to begin to actually predict the onset of El Nino events and their effects 
on we<\ther patterns. 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 re.duction 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 
learn to use knowledge to dependably provide goods and services to our people while protecting 
our environment, health, and security. Rather than overcoming the natural world, 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. 
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It is apparent to me that our future progress is dependent on several factors, anc;l 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, government 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 international 
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 time 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 concerns 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 
international commitment. 

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

Finally, the lesson that stratospheric ozone research and policy taught us is that science 
and diplomatic agreements of cooperation between governments 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 afternoon, and thank you for inviting me to share a few thoughts about the health,, 
of the science and technology enterprise in 1995 and our outlook for the year ahead. I look 
forward each year to the AAAS colloquium as an annual milestone, a chance to draft a report 
card for the work that we've been doing over the past 12 months to foster innovation, conduct 
research along the frontier areas of science, protect our environment, and bring the fruits of 
technology to the American people and to the world. 

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

These are not idle questions. ·What has played out over the past 100 days in Congress 
for tho~ who follow science policy is a clear dichotomy between some in Congress who desire 
to cut government seemingly at any cost, versus the Administration's commitment to cutting the 
deficit while boosting overall productivity and investing for the future .. 

One of the things that will stand out about 1995 is that it is the first year that we have 
really· felt the pain of living with true public fiscal austerity - the eScalating budgets of the 
spendthrift '80s are over. I think this is where I'm supposed to say, "I feel your pain." 

One of the reason we've been insulated from the pain so far, is that this Adminstration 
has been carefully, judiciously cutting the deficit for three budget years in a row, racking up 
more than $600 billion in deficit reduction. We've been working very hard to try to minimize 
the pain, or at least balance it out in an equitable fashion. 

The President's projection 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 reduction plan. It's 
important to note that $200 billion amounts to the interest we pay every for the increase in the 
national debt callously racked up in the heady Reagan-Bush years. 

I don't want to say that our work over the past few years has been painless; money is 
scarce across the Federal spectrum. Yet despite deep cuts in virtually every other domestic 
discretionary account, research funding actually has risen modestly - a signal of the 
Administration's commitm~nt to science and technology as the engine of growth in jobs, the 
economy, and our quality of life. And basic research received the greatest percentage increase. 



So I give high marks to the coordinated process that built this budget, and to our 
President who supported science as an investment meriting increases -- increases that could only 
be provided by shifting funds from other Federal activities. In this middle of the fiscal pain, 
the Administration has held fast to the principle of wi5e investment in science and technology -
- not because it's a ,good thing politically, not because there's PAC money here, not because 
there's a great and clamoring constituency -- but becatise it's important and the President and· 
Vice President believe in it. 

This kind of priority-setting -- diffi~lt as it is -- represents the actions of deliberate and 
dedicated government, husbanding and making careful, multiple use of the resources for the 
future for our children and our grandchildren. It reflects the vision of th·e Clinton Administration 
-- science and technology in the service of society, an engine of growth for the economy and.the· 
creator of knowledge that is the key to a new world condition. It is a vision th4t draws people_, 
into science and. brings rµany of us here today. 

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

It must not be done with a meat ax when the precision of a scalpel is necessary. 
Yet the spectre of finishing the first session· of the 104th Congress with S&T resources 

stashed by a meat ax is a real one. In their rush to cut government, (Dan Greenberg, I think. 
recently labeled it "demolition politics") some Members have launched a wholesale attack on 
anything that isn't nailed to the table-.., including R&D, and especially the "D" in R&D. Bur 
don't be lulled into thinking that basic research is sacrosanct. 

The bad news for R&D reads like a litany of the 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 they're about to ·take another half-billion whack in civilian recissions 
supplemental. Most of the cuts so far have been in technology programs, but science has taken 
a substantial hit, too -- $100 million from the Department of Defense programs in computer 
scienc:e, mathematics research, and engineering education at universities; upwards of $80 million 
from the National Institutes of Health; and $45 million from DOE research on materials. 
climate change, and the human genome. 

This is bad enough. I realize these cuts are well-intended, that they spring from a belief 
that deficit reduction is the only name of the game in town these days. But it's a short-tenn 
strategy that will lead to t.he Nation having eaten its seed corn for the future. 

The cuts we've seen already are nothing compared to what they are thinking about doing: 
The Chairman of the House Budget Committee, Rep. Kasich, recently released an "illustrative 
list" of cuts for next year's budget, in which the toll for science and technology was a whopping 
$2.5 billion. Over the next five years, it's targeting $13 billion. More than half-a-billion of 
these "illustrative" 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 pub.lie hit list yet, Director Neal Lane has been told 
to expect at least a 20 percent cut. That's more than $600 million -- nearly all of it from t.he 
research bench, since 95 percent of NSF money goes out in grants. 
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Now, I don't want to raise the false expectation that we in the Administration will ·be able 
to completely insulate science and technology from the real fiscal pressures that will drive the 
next decade of budget policy. The reality ·is grim for science and technology funding. There 
will be cuts; R&D will have to ta.ke some of them. But the cuts should be judicious and 
managed, not across-the-board salvos that wreak havoc throughout the research enterprise. 

My~ is that wise. heads in Congress will intervene, that history will record that they 
saved the nation from permanently damaging our. research and development base by moderating 
the hast}', ill-informed 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 tha~ history will record that extremists in 
Congress prevailed as ptevailing in an atmosphere of budget chaos driven by a fundamental · 
disregard for reinvestment in science and technology. 

Now, I'm an optimist by nature, even under these trying circumstances, and I think most 
Americans share that trait. A lot of our native optimism rests on the belief, based on our 
nation's history, that breakthroughs in science lead to advances in technology and vice versa -­
the two are inextricably linked. Our scientific enterprise still is the envy of the world, and the 
technologies it spawns lead to a better life and a brighter future. Just the other-day, the Presidenc 
released the 1995 Critical Technologies Report from OSTP concluding that the United States -­
at least for now -- is the world leader·, or equal to _the best, in the 27 technology areas ic 
identifies as critical to national and economic security. . 

t ·But it's hard to be an optimist iii the face of the. sobering caveats contained in that report. 
Yes, we are among the leaders in those 27 areas·qf technology, but our lead is fragile and 
shrinking. Now, Europe is dead-even· or only slightly behind us in 25 of the 27 areas; Japan 
is tied or just a nose behind in 17 of the 27, and is dosing fast on 5 more. If we want to 
maintain leadership.~- or even parity -- we can't afford tO" stand still. 

It's harder still to maintain my optimism in the face of the Congressional response to this 
situation. The technology investments that have been a hallmark of this Administration are in 
great peril. They are out first and best defense against further erosion of U.S. leadership in 
critical technolqgies, yet they are marked for the wrec_king ball -- at least by some members. I 
hope, _however -- (lfld this is the optimist in me coming out again -- that we are making progress 
in educating some of the 'new members about the value of these crucially .important programs. 

According to the World EconomidForum, the U.S. Federal government already under­
invests in federal civilian R&D compared to our. world competitors .. Equally distressing, the 
U.S. private sector under-invests as. a percentage of gross domestic product compared to other 
nations. Our .negative balance of trade. in technology products is testamen_t to how poorly we 
are doing in this area -- the worst among all trading nations. We must correct this invesonenc 
failure. In doing so, the Administration has ad~ressed this issue by supporting R&D tax credits 
and industry-led," cost~shared programs to develop technologies that have widespread returns to 
the public -- better transportation, safer buildings, cleaner air. I'll talk more substantively about 
those programs in a moment. But I view the new congressional majority's· decimation of these 
programs as a ruthless attack on this nation's future, an attack erroneously labeled corporate 
welfare. 
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To offset years of inadequate long-tenn investment, this Administration has concentrated 
on building up some. rather modestly funded but indispensable activities in which the federal 
government makes partners of private industry, universities and community colleges, state and 
local governments, and community organizations to develop _techno_logies that benefit all of us. 
We've done so for two reasons: (1) For national security, and (2) because much ·of the generic 
science and technology critical to economic growth can't attract adequate private investment --

. the firm. that takes the risk and makes the investment can't capture enough of the benefits. 
Furthermore, today's fast-paced, highly competitive economic climate makes well 

managed federal research investment in growth~nhancing technologies more cri~ical than ever. 
Faced with short product cycles and intense international. competition, many companies are 
cutting costs to the bone and using available research money on projects with near-term payoffs. · 
The new model of how best to accommodate this changing business environment is to create •. _, 
public/private, cost-shared partnerships for generic R&D -- teaming with other companies, with 
universities, and with the government. 

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 transportation, aerospace, navigation, exploration, national security, agriculture. They 
represent a 21st-century vision of commitment to the programs and values that made America 
great. They are the way the Administration is building the National industries of the future. 
Tpey are programs like: 
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o The Advanced Technology Program run by ·the _National Institute of Standards and 
Technology (NIST) in the 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, .construction, and commerce. 

o The Partnership for a Next Generation of Vehicles (also known as Clean Car), 
designed to tackle an extremely tough technical challenge -- to develop within ten years 
a production prototype car with three times the efficiency of today' s autos and very low 

- emissions, with no _sacrifice in cost, comfort, or safety. 

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

o Education and. training technologies that have multiple public and·. private benefits: 
exciting education challenges for our children·; lifelong learning opportunities for all 
Americans, including those who need retraining to handle changing technologies on the 
job; and a rich potential commercial market for the technologies themselves. 

o The Technology Reinvestment" Project (TRP) at the Department.of Defense, another 
cost-shared program designed to propel the commercial development of technologies 
critical to the military, since low-cost commercial manufacturing practices and economies 



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

o Policy support for and ·end-use research on the National Information Infrastructure, 
which will bring the knowledge of the world to a desktop in rural Montana; or tap 
medical expertise from Paris, France for a patient in Paris,. Texas. This program also 
~ill assure the Nation's continuing lea~ers-hip in high-performance romputing. 

o Promotion of energy efficiency and renewable energy thrnugh 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_ -- · that have . grown from a few hundred at the. beginning of this 
Administration to more than 3000 today. CRADAs move important new developments 
on the laboratory bench into the commercial market, ·i_mproving health care, 
transportation, home design, and hundreds of other technologies to improve our quality 
of life. 

t Most of these programs are cost-shared, meaning that industry is the senior partner. If 
they don't invest, there is no deal -- industry is picking the winners and losers, not government. 
Economists, investors, technologists, and industrialists understand and widely suppon !.his 
activity ... but in their rush to judgement, it sometimes seems that some Members in the new 
"Congress don't want to be confused by the facts. 

These innovative· partnerships -- which have done much to boost technology investment 
and innovation in the American economy, and which promise so much more for !.he future -­
may be a matter for the history books alone unless concerned Members of the Senate and House 
act to restore funds for technology programs. Based on thefr work and words to daie, it's getting 
harder and harder even for me to retain any kind of optimism . 

. The question for us today is: Can we moderate these demolition politics soon enough to 
avoid grievous harm to the science and technology that drive our economic growth and national 
security? If riot, we risk losing more than just figures on a pie chart. We lose jobs, security, and 
our children's opportunities. 

Congressional number crunchers promise that money saved in downsizing !.he federal 
government will be ·reinvested in science and technology -- if there's· any left over after paying 
down the deficit some more and increasing funding for pet projects.· If you believe this, 1 have 
a bridge to sell you. 

One of their pr~minent propo~ls is the creation of a Department of Science. 
Veteran attendees at this colloquium will note that this Department of Science proposal 

is not a new idea. It was first proposed.in 1884, and again over 100 times over .the past lhree 
decades. As Guy Stever once said of Antarctic blizzards, this isn't new snow -- it's !.he same old 
snow being blown arou_nd again and again. 
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Let me be very clear about one thing -- this Administration unequivocally opposes the 
creation of a Department of sCience of the kind now being discuS.sed in Congress. ·We are 
not against change; under the leadership of the Vice President, we have been remaking the very 
structure of federal agencies - not just shuffling programs around and renaming them. But we 
are against change for change's sake -- or for the sake of as-yet-undocumented savings in federal 
resources. 

Congressional supporters of the Department.,of Science idea argue that it's important to 
have alf the science programs centrally located -- except, of course,· for health ... and defense 
... and agriculture. They say this, by the way, as though it were a given and without a shred of 
evidence about its effectiveness.· But the genius of U.S. ~ience ·policy to date has been its 
recognition that pluralism of support and diversity of performers allows the crucial freedom of 
enquiry that unleashes the creative spirit of our world-class researchers and their students. The-, 
proposal to cr~te a Department of Science flies in the face of this pluralism by instituting a 
command-and-control model of rigid bureaucracy. 

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

If this is such a good modet, why hasn't private industry adopted it? Why not take Bell 
Labs in New Jersey, an IBM facility in New York, maybe a Silicon Valley research consortium 
and plunk them all down ·together in the middle bf the Great Plains? That might consolidate 
some overhead, but would .it actually help the bottom line or the future viability for any of the 
companies involved? Of course not -- their competitive edge demands access to the research that 
drives productivity, just as the mission. agencies require free and easy access to the best science 
available. 

The President's report "Science in the National Interest" says it succinctly: 

"Federal support of fundamental science and engineering is characterized by a 
healthy pluralism. All.Federal departments and agencies that depend heavily on scientific 
and technical knowledge and human resources support fundamental research and education 
in these areas. This improves their capacity to attain their evolving goals as new challenges 
emerge;" 

What we have to keep in mind is that, as we face increasing fiscal austerity, ic is 
particularly important that the nation's science leadership understand the "mosaic" of science 
support and performance by federal agencies, universities, and industry; to understand how the 
support by DOD of research and graduate traini'ng in engineering and computer science 
complements the work by NSF, and how together they provide a knowledge base and the human 
resources for advances in the private sector; to understand how materials research and high­
speed computing and networking at t11e Department of Energy contributes to breakthroughs in 
biomedical research support by NIH; to understand how the biological research and long-tem1 
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. ecological monitoring supported by NSF provide further ducidation of natural phenomena 
crucial to wise environmental poli.cymaking by the EPA; to understand how to mix advanced 
technologies and research so that both military and dviiian services can be provided from the 
same investment. 

What we must understand -- and there are those in Congress who would ignor.e this at 
the Nation's peril -- is how federal agencies, together, support our overall science base: and we 
must es(?eeially recognize the increasing interdependency among their efforts. Significant cuts 
to one program can have substantial effects on other national initiatives. We must be smart and 
deliberate in any trimming-,- mindful.of these important connections as we attempt to make our 
Federal government work better. · But this does not mean that all Fe<;fer:al science efforts ought 
to be merged into a single entity. · 

On the other hand, if the Congress truly wants a leaner, ~ore efficient Federal S&T ~ "· 
system - not just cosmetic surgery - It need not look far for a model. Under the President's 
"Reinventing Government" initiatives, we have already pared more than 100,000 jobs from the · 
Federal bureaucracy. That'll total nearly 150,000 before we're finished. 

o NASA alone has plans to cut more positions as it streamlines its operations than the 5000 jobs 
that supporters Of the Department of Science claim their move will eliminate. 
o EPA, FDA, and other regulatory agencies have slashed regulatory red tape -- by contrast, 
re@Jlatory.·"reform" ~passed in the House of Representatives would only, in the words of last 
Sunday's Washington Post editorial page, "put sand in the gears of the Federal regulatory 
process." 

o And in the next few weeks, I will be briefing the Vice President on new and innovative 
ways being tested· ·at NSF, NIH and the Departinent of Energy to use the information 
superhighway to reduce the mountains of paperwork required of Federally funded researchers 
and grantees. We want to free up administrative time and costs for professors and their 
institutions, tim~ that can be reinvested in teaching, research, and scholarship . 

. This Administration has a mechanism to encourage cooperation where advantageous, 
consolidation where necessary, and coordination overall. It's the National Science and 
Technology Council -- the first time in history that the United States has had a comprehensive 
coordinated Cabinet_-level body devoted to reviewing the Federal R&D enterprise. The principal 
purpose of the NSTC is to establish clear national goals for federal science and technology 
investments, ·and to ensure that policies and programs are implemented that contribute to those 
goals. The NSTC provides a structure t11rough which we can prioritize 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 sensitizes agencies to the advantages 
of symbiosis over isolated pursuit of objectives. 

Isn't this what the promoters of a Department of Science say they want? 
There is a good way to go about reform, and there is a bad way. I venture to say that 

each of you has been trained in the good way -- experiment, observe, and test your observations 
before implementing innovation across the system. 
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Is this the process that we've seen at work in the Congress over the past 100 days? It 
is not. Rather, we have seen dog-tired Members marching lockstep ahead with their eyes fixed 
only on the end of the. toO Days. Many of the changes wrought by the House were passed 
without the benefit of a single hearing, or at best with a minimal legislative record. Is this what 
Jefferson and Madison had in mind? · 

Now, Speaker Gingrich is fond of referring to Thomas Kuhn's model for revolution in 
science, a model that stresses cataclysmic change as the driving force when seientific paradigms 
are replclced with newer, more powerful ideas. The Speaker stresses that the. election in 
November and tbe ensuing 100 days' activities are just such a Kuhnian shift. · 

When p~digms · shift in the Kuhnian sense, they do so ·because the weight of 
accumulated evidence and data become so great that the old paradigm topples beneath them. 
There is no hard evidence and there are no compelling data to support abandoning our historic 
commitment to science and technology. Rather, at times this Congress seems to run screamin_g 
from anything that looks ·like resea.rch or credible data ... even pushing to eliminate their only 
bipartisan and bicameral Congressional resource for S&T analysis, the Office of Technology 
Assessment. 

Nowhere is this more clearly illustrated that in the area of environmental protection. 
Environmental policy in .the I04th 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 other. motivations may obtain, environmental policy in this Congress has not been 
driven by knowledge, and certainly not by science.· 

In fact, the Contract with America· never once even mentions the word environment. 
Still, we've managed to end up with ill-conceived legislation like the House-passed Risk 

Assessment and Cost-Benefit Act, whic~ makes fundamental changes in the way the Federal 
government protects public health, safety, and environmental quality. The Senate has a similar 
bill on its docket. Both chambers may compromise on language that would require agencies to 
go through a maze of costly, inflexible, and bureaucratic procedures -- creating along the way 
infinite new opportunities for petitions and litigation -- and new jobs for lawyers. 

_It's also -why we're seeing proposals to eliminate the National Biological Service -- a 
national inventory of our natural 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 than this. 

And it's why the Congress seems bent on gutting research on energy efficiency and 
sources of renewable energy that will be critical to combating global warming. Next on the 
chopping block is likely to be global change research itself -- leaders in the new Congress call 
it "politically motivated." Since when does it require political motivation 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 
funding for endangered· species research -- the dismantling of the Endangered Species Act is a 
probable priority item for later this year on the Hill. 
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Science and technology programs i_n the 104th Congress are. the· legislative equivalents 
of endangered species. In Congress' rush to slash government and lower tax.es -- taxes that 
alreay are amorig the lowest. in the industrial world, I might add -~ we are i_n danger of losing 
the very excellence in teehnology that has made.our country the envy of the world. 

Surviving with our national R&D portfolio even-relatively intact will require aggressive 
action. We must engage the R&D community, the industrial corrimunitY, the education 
community, Congress - ultimately, we must engage the American people, if they mean to 
remain their o~ governors. 

Congress must be part of this dialogue. . l respeet the leaders. of the new Congress as 
hard-working agents of change, and "I truly believe they think they are doing what's right for 
America. I admire their conviction, and their tenacity. But I want to work with the Congress· 
to make sure every Member understands the enormity of the change being proposed, and its~. 

impact on the ecosystem we call the Federal R&D enterprise. 
We have had periods of similar intellectual foment in our country before -- and survived 

them. The optimist in me takes heart in this. And the optimist in me is bolstered by the words 
of Thom.as Jefferson, penned in a similar time of national frenzy: (and I quo.le) 

"A little -patience, and we shaU see the time of witches pass over, their spells dissolve, 
and·the people, recovering their true sight, restore their government to its true principles." 

Thank you. 
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