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PART 3

Science and Society’s Futures

Overview

This section carries the themes of the AAAS 

Fellowship Programs’ 30th Anniversary event to a

different audience and setting. The setting was the

AAAS Annual Meeting held in Seattle in February

2004. The symposium designed for that meeting

retained the perspective of looking 30 years into

the future, as well as the three major focus areas

of the 30th Anniversary program (science and

technology as it relates to the human condition, to

global security, and to the environment, energy,

and global change). However, instead of an audi-

ence of Washington-savvy persons with a keen

interest – and perhaps a career commitment – to

public policy issues involving science and tech-

nology, as at the 30th Anniversary celebration, the

Annual Meeting’s audience was a broad cross-sec-

tion of the professional science and engineering

community. There were far more “bench” scien-

tists or engineers, whose orientation to policy mat-

ters was likely to be more tangential and who were

probably on the periphery of policy activities,

rather than being directly involved in them. For this

broader audience, the 30th Anniversary Planning

Committee wanted to elicit a forward-looking dis-

cussion of both the promise and the risks of scien-

tific research and development from the

perspective of daily practitioners. 

The Annual Meeting format forced the plan-

ners to condense that discussion into a three-hour

period, but also allowed them to enrich the dia-

logue by bringing in additional voices. All of the

speakers were outstanding in their own right and

widely recognized as authorities in their respective

areas. They included Dr. John H. Gibbons, former

assistant to President Clinton for science and tech-

nology, as well as former director of the Congres-

sional Office of Technology Assessment and

currently consulting through his firm Resource

Strategies; Dr. William Foege, a fellow of the Bill

and Melinda Gates Foundation and former director

of the U. S. Centers for Disease Control; Dr. Mar-

garet A. Palmer, professor of entomology and

biology at the University of Maryland and chair of

the Ecological Society of America’s recent project

on Visions for Ecological Science in the Twenty-

first Century; Ambassador Ronald F. Lehman II,

director of the Center for Global Security Research

at the Lawrence Livermore National Laboratory

and formerly assistant secretary of defense for

international security policy and director of the

U.S. Arms Control and Disarmament Agency; Dr.

Sheila Jasanoff, professor of science and tech-

nology studies at the Kennedy School of Govern-

ment, Harvard University, and a wide-ranging

scholar and author on relationships among sci-

ence, technology, and government; and Sesh

Velamoor, director of programs at the Foundation

for the Future and previously president of Kistler-

Morse Corporation. 

The panel’s thoughtful and provocative pre-
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sentations evoked several themes also arising at

the 30th Anniversary event. The real importance of

foresight, noted moderator Jack Gibbons, citing

management strategist Peter Drucker, is not to

predict “the future,” but rather to identify alterna-

tive futures so as to make more intelligent deci-

sions in the present. This orientation was deeply

embedded in the remarks of each of the three the-

matic speakers (Foege, Palmer, and Lehman), as

well as the two discussants (Jasanoff and

Velamoor). 

Other frequently recurring themes included: 

• The need to make better use of the scientific

and technological knowledge that already

exists and the economic and human resources

available to apply that knowledge — both of

which depend essentially upon political will. 

• The imperative of more effective communica-

tion among scientific disciplines and among sci-

entists, engineers, the public, and policymakers

concerning both the scientific implications of

policy issues and the policy implications of sci-

entific research and development. 

• The consensus that ultimately most of the soci-

etal problems discussed here will not be

“solved” by science and technology, but instead

depend upon enlightened long-range political

action and changes in cultural assumptions. 

To illustrate the last point, Velamoor made explicit

an idea that was implicit in the other panelists’

discussions of globalization, sustainability, and

the universality of science and technology today:

namely, the possibility that our era may be on the

threshold of a profound shift in global awareness

and personal identity. That shift would encompass

more fully a sense of global citizenship, whereby

other levels of identity – individual, local, regional,

tribal, ethnic, and national – are still viable but

secondary to a more fully developed sense of

planetary responsibility. If that kind of global citi-

zenship could be carefully fostered, it could make

a world of difference to the seemingly Sisyphean

tasks that confront us. 
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John H. (Jack) Gibbons, until his retirement in 2001,

was the President Bill Clinton’s assistant for science

and technology and director of the White House

Office of Science and Technology Policy. In these

capacities, Dr. Gibbons provided authoritative infor-

mation and expert scientific, engineering, and tech-

nological advice for the president, federal officials,

and Congress, and coordinated science and tech-

nology policy throughout the federal government. Dr.

Gibbons co-chaired the President’s Committee of

Advisors on Science and Technology and managed

the National Science and Technology Council.

He is an internationally recognized scientist and

an expert in energy and environmental issues who

has a deep interest and concern about the support of

science and the impacts of technology on society.

After receiving his doctorate in physics from Duke

University in 1954, he spent 15 years at Oak Ridge

National Laboratory studing the structure of atomic

nuclei, with emphasis on the role of neutron capture

in the nucleosynthesis of heavy elements in stars. In

the late 1960s, at the urging of Alvin M. Weinberg, he

pioneered studies on how to use technology to con-

serve energy and minimize the environmental

impacts of energy production and consumption. In

1973, at the start of the nation’s first major energy

crisis, Gibbons was appointed the first director of the

Federal Office of Energy Conservation. Two years

later he returned to Tennessee to direct the Univer-

sity of Tennessee Energy, Environment and

Resources Center. In 1979, he returned to Wash-

ington to direct the Congressional Office of Tech-

nology Assessment, which provided Congress with

nonpartisan, comprehensive analyses on a broad

spectrum of issues involving technology and public

policy, where he remained until his presidential

appointment in 1993.

Dr. Gibbons is a fellow of the American Physical

Society and the American Association for the

Advancement of Science and a member of the

National Academy of Engineering and the Council on

Foreign Relations. Other honors include the Federa-

tion of American Scientists Public Service Award; the

AAAS Philip Hauge Abelson Prize for sustained

exceptional contributions to advancing science; the

Leo Szilard Award for Physics in the Public Interest

from the American Physical Society; and medals from

the German and French governments for fostering

scientific cooperation.

I want to welcome you to this session of the 2003
Annual Meetings of the American Association for the
Advancement of Science. We have an extremely impor-
tant and timely topic, Science and Society’s Futures:
Long-Range Visions and Short-Term Action, which will
be explored in greater depth later in a full symposium
honoring the 30th anniversary of the AAAS Science and
Technology Policy Fellowship Programs. 

Today we want to consider how to think about long-
term futures and how to act today as though the future
matters. We also want to speak to the special responsi-
bilities of the science and technology community in this
process. Peter Drucker, the management strategist,
once described long-range planning as follows: “Long-
range planning has not really anything to do with future
decisions; it has to do with the future implications of
present decisions.” He ties the two together in a most
meaningful way.

As we think about the future here, I’d like to set
aside the prospect of purely natural disasters, although
they’re bound to be out there. Rather, we will focus on
the three typical classes of human-driven activities that
are likely to be the most challenging issues in front of us
and the most pernicious: human population dynamics,
economic resource flows, and global security. These
long-term issues have had a long, slow onset and will

Introduction: John H. Gibbons
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have a very slow response time when action is finally
taken. It’s a little bit like giving instructions to the rover
up on Mars. It’s hard to remember that it takes about 20
minutes even for regular signals to get there, so we have
to think in advance about what we’re trying to do. This
issue of time constraints and delays between action and
reaction is a very important undercurrent for what we
will be talking about today. These issues are extremely
relevant to the members of AAAS, because science and
technology are principal mechanisms and avenues that
both drive these issues and also provide the best hope
to resolve them. Our scientific community is at both
ends of that dual view. 

The first of our three broad topics is human popula-
tion dynamics, particularly the demographic transition
that is going on and the momentum behind that change.
I was thinking last night that in my rather brief life (at
least it seems brief to me), the world population has
tripled, and the U.S. population has doubled. That’s an
extraordinarily high rate of change compared with most
natural systems. I don’t know about your part of the
country, but in my part of the country crowding and
sprawl have become very important, not only as demo-
graphic issues for statisticians or development issues for
builders and planners, but also as political issues for local
officials and community leaders. People are now begin-
ning to be seen, like it or not, as the world’s most inva-
sive species. We’ve not thought about ourselves in that
way in the past, but the truth of it is becoming more and
more evident. So we’ll talk about population dynamics,
the demographic transition under way, and the enor-

mous momentum that’s involved in that phenomenon. 
Second, we will address the impact of resource flows

on the world’s economy, energy systems, climate, and
other global systems. We will relate the flow of
resources to human activities, particularly the impera-
tive to think far enough ahead that we can head off
serious problems. Remember the old adage about the

king who took his gardener
aside one morning and
said, “This summer I want
to plant some trees. I need
more shade.” The gardener
replied, “Well, Sire, given
your age, you know you’ll
never live to see those trees
give enough shade.” So the
king said, “In that case,
let’s not start this summer.
Let’s start tomorrow.” 

Third, we will consider
the effects of the increased mobility of people and goods
around the world. That mobility is both for good and for
ill. The consequences are likely to be ill when that
mobility is combined with the availability of highly
destructive power in the hands of even a few people,
with fierce resistance to social change, and with uneven
economic growth and perceived injustice around the
world. Those factors all combine to breed the global ter-
rorism we face today. So let’s hear from our three dis-
tinguished speakers on these important topics.

People are now
beginning to be
seen, like it or not, as
the world’s most
invasive species.

The consequences are
likely to be ill
when…[global]
mobility is combined
with the availability
of highly destructive
power in the hands of
even a few people,
with fierce resistance
to social change, and
with uneven eco-
nomic growth and
perceived injustice
around the world.
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William Foege is a fellow of the Bill and Melinda

Gates Foundation and Emeritus Presidential Distin-

guished Professor of International Health at Emory

University, Trained as an epidemiologist, Dr. Foege

worked in the successful campaign to eradicate

smallpox in the 1970s and became chief of the

Smallpox Eradication Program at the U.S. Centers for

Disease Control (CDC). He was appointed director of

the CDC in 1977. He attended Pacific Lutheran Uni-

versity, received his medical degree from the Univer-

sity of Washington, and his Master’s in Public Health

from Harvard University.

In 1984, Dr. Foege and several colleagues formed

the Task Force for Child Survival, a working group for

the World Health Organization, the United Nations

Children’s Fund, the World Bank, the United Nations

Development Programme, and the Rockefeller Foun-

dation. Its success in accelerating childhood immu-

nization led to an expansion of its mandate in 1991 to

include other issues that diminish the quality of life

for children. Dr. Foege was executive director of the

task force from its founding until 1999. 

Dr. Foege was executive director of the Carter

Center in 1986–1992, and also served the center as a

fellow for health policy and executive director of the

Global 2000 Program. In January 1997, he joined the

faculty of Emory University’s Rollins School of Public

Health as a distinguished professor, where he 

now remains active as an emeritus professor. From

September 1999 to December 2001, Dr. Foege was a

senior medical advisor for the Bill and Melinda Gates

Foundation, and he continues his work there now as a

Gates fellow. 

We often hear about the problems of global health, but
rarely appreciate their scale. Consider that just this
week in the world, we will have about 1 million people
dying. We will have about 2.5 million babies born,
which means a net gain of 1.5 million people per week.
By the end of the calendar year, we will have a net gain
of 79 million new people in the world. Of the million
who will die this week, the large majority will be in the
developing world, and one third of those will be chil-
dren under the age of five. 

It’s hard to believe, but this is actually seen as
progress. When I was new to global health issues, we
used to hear that 40,000 children under five were dying
everyday; now that figure is about 33,000, and we
think we’ve done something good. But think of those
33,000 children. This country now knows what it’s like
for 3,000 people to die at one time in one place, but just
imagine the tragedy of that happening to young children
11 times a day, or every 2 hours. These children around
the world are so scattered we never see them on our tel-
evision screens, so it doesn’t get our attention. Nonethe-
less, early death characterizes much of the world’s
experience. 

You’re well acquainted with some specific disease
problems, particularly the devastating effects of AIDS and
tuberculosis. Those two are tearing at the social fabric of
Africa. In many places teachers, health workers, and
church workers are dying faster than they can be
replaced. You probably also know about malaria, a con-
tinuing plague especially in Africa, which leads to early
death and compromised productivity. A typical child in
an African village is likely to have onchocerciasis, schis-
tosomiasis, and lymphatic disease at the same time, as
well as roundworms and hookworms in the intestine.
Furthermore, malnutrition is the substrate for children 
in Asia and Africa, even when intake is sufficient. 
These children often lose essential nutrients because of
diarrhea and intestinal parasites that are competing for
those nutrients. 

William Foege
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Injuries are seldom addressed as a health issue, but
they are now the leading cause of childhood death in
many parts of the world. In Vietnam and Bangladesh,
drowning is the leading cause of childhood death.
When you add to that traffic accidents and burns, child-
hood injuries turn out to be a major problem. As bad as
any of these problems may be individually, they are all
the more serious in combination, and most children
around the world suffer a combination of problems. 

It’s not just the scope of the problems that should
alarm us; it’s the disparities. Global health can be sum-
marized in four words: unbelievable improvement,
unbelievable disparities. Infant mortality rates are as
low as 5 per thousand in some areas and over 150 in
other areas. Life expectancy is more than 85 in some
areas, but in the 30s in other areas. Maternal mortality
varies 200-fold across countries. Measles and tetanus,
absent in many parts of the world, are still major causes
of death in others. 

Moreover, the gaps are widening. Life expectancy is
actually going down in Africa. Childhood deaths there
are going up, as are the number of children orphaned by
AIDS. What will Africa be like 20 years from now, if we
haven’t figured out how to address the needs of 13 mil-
lion orphans? 

Let’s focus on what could be done to improve global
health over the long term and what would we have to
do right now to start. Norman Cousins in an editorial at
the time of our bicentennial asked the question,
“What’s the single greatest gift the United States has
given the world in 200 years?” His answer was that the
United States has demonstrated that it’s possible to plan
a rational future. He said that the Constitution is an
incarnation of that idea. So, I tell global health students
that their greatest gift could be a rational global health
future. I ask them, “What do you think global health
would look like in 30 years or 50 years or 500 years, if
somehow we could get that same group of Founding
Fathers together to work on the project?”

At a Global Health Council meeting last year I talked
about a television program called “Extreme
Makeovers.” Some of you are aware of the premise:
Individuals leave home for six weeks. Some have plastic
surgery, which alters faces and bodies, and then after

weeks of exercise, help with hairstyles and cosmetics,
and new wardrobe these people return home movie-
star beautiful with new confidence and zest. Wouldn’t
it be great to have a six-week extreme makeover for
those who find themselves
making policy decisions,
and what if they could
emerge six weeks later with
empathy, ethics, courage,
humility, wisdom, knowl-
edge, and honesty as public
servants? What would that
do for global health? 

That kind of political
makeover could achieve
three important goals. First
is global health equity, or
closing the health gap between the rich countries and
the poor countries. Second is global health standards, or
closing the gap between what is known and practiced,
where the concept of “Do No Harm” covers both errors
of commission and errors of omission. Third is global
health knowledge, or closing the gap between what sci-
ence and technology will offer and what they could
offer if we plan the future.

As for global health equity, what is the cause of dis-
parities, and how do we measure progress? Measure-
ment is the easiest part. Whatever measure you
use—infant mortality rate, death rate, maternal mor-
tality, disease specific mortality, morbidity, the differ-
ences between countries or between ethnic groups or
between social economic groups—allows you to track
progress very specifically. Why do disparities occur?
Because of two basic barriers—lack of knowledge and
lack of resources. Many years ago, when my son was
three years old, we lived in an African village. He had
his immunizations; we boiled the water; we had
screens on the windows; and his risks were lower than
for other children in the village because we were using
the science and technology tools that we use here. This
is remarkable when you think about it. My son had
close to first-world risks in a third-world village without
electricity, clean water, or sanitation in the midst of
almost every parasitic disease you could imagine. So it

Global health can be
summarized in four
words: unbelievable
improvement, unbe-
lievable disparities.

Wouldn’t it be great
to have a six-week
extreme makeover for
those who find them-
selves making policy
decisions, and what if
they could emerge
six weeks later with
empathy, ethics,
courage, humility,
wisdom, knowledge,
and honesty as
public servants?
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can be easily done, just as we could easily overcome the
first barrier if we used the science, the skills, and the
technology that we’ve taken for granted here. 

Barrier number two, however, is much harder to
overcome. If I had been restricted to living on one dollar
a day, I would have had to use that money for food and
shelter, and my knowledge would have been almost
worthless. What can be done about the extreme
poverty that affects so many countries? We should take
as a given that we will close that gap. To do so, we must
share the tools, train those
responsible for the infra-
structure with the neces-
sary skills, knowledge and
support, and then we
should be prepared to subsi-
dize the cost until countries
are able to do this them-
selves.

What are some immediate steps? We need to use the
tools we already have, such as the measles vaccine.
Every measles death today is an indictment of our
vaunted science and can-do reputation. We should be
doing the same thing for oral rehydration therapy, mal-
nutrition, malaria, and pneumonia—all are treatable
using inexpensive tools. 

We should make prevention available across the
board, and we should take the steps necessary to con-
trol population growth. We have four programs now
that we can show will reduce birth rates: family plan-
ning programs, child survival programs, education pro-
grams for girls, and micro-credit financing programs,
especially for women. What if we used all four of these
simultaneously right now in countries that are below
the median for health indices? In one generation we
could change birth rates and population pressures in the
world. 

We should also provide training with a warranty. We
sell refrigerators with the warranty, so why don’t we pro-
vide training with a warranty? Under the kind of war-
ranty I am envisioning, a university that provides
training also says it will give continuing support, so that
when people go back to developing areas they have skills
and access to the world in a way that they can use those

skills. They have a broadband connection to the world.
They have continuing mentors. That kind of warranty
requires funding. We’re told by the macroeconomists
that we could change everything for $25 billion to $50
billion a year. That amount sounds impossible until you
compare it with the cost of wars or trips to Mars, which
has already cost much more. Michael Manley, the late
prime minister of Jamaica, said that poverty shared can
be endured. But today poverty is not shared equally
around the world, and the poor people everywhere
know it, because of our increased communications.
Every gradation down in income leads to an increase in
morbidity and mortality for almost every disease. That
must change. Even 600 years ago, the Emperor of the
Ming Dynasty understood that simple truth when he
said, “Relieving people’s poverty ought to be handled as
though one were rescuing them from fire or saving them
from drowning. One cannot hesitate.” 

Considering the second important goal for global
health, which is closing the gap between what is known
and practiced by more efficiently using the science and
technology we already have, we have a long way to go,
even in the United States. A study done in the 1980s by
the Carter Center, published in the Journal of the Amer-

ican Medical Association, showed that in this country
two out every three deaths is premature, given our sci-
entific knowledge and technology. Think of that. If it’s
66 percent here, where health services are readily avail-
able, the global estimate of deaths that are premature
must be 95 percent. The Institute of Medicine did a
study of medical errors focusing on errors of commis-
sion, but I would suggest that far more people die
because of errors of omission, where known science
and technology are not actually used. 

What could be done? We can change our funding
approach, first in this country and then globally. We can’t
tell the rest of the world how to do this until we get it
right ourselves, and we have not gotten it right yet. Pos-
itive benefit-cost programs—that is, programs in which
a dollar invested leads to more than a dollar in savings—
should become entitlement programs. These programs
include immunization, tuberculosis treatment, and a few
others. The wisdom of investing in these efficient pro-
grams shouldn’t have to be argued anymore, and yet we

We need to use the
tools we already
have, such as the
measles vaccine.
Every measles death
today is an indict-
ment of our vaunted
science and can-do
reputation.

In this country two
out every three
deaths is premature,
given our scientific
knowledge and tech-
nology. Think of that.
If it’s 66 percent
here, where health
services are readily
available, the global
estimate of deaths
that are premature
must be 95 percent.
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have positive benefit-cost programs competing with each
other for budget dollars. 

We should also index public health support to health
care expenditures, so that support rises in line with
rising health costs. The percentage of health expendi-
tures for prevention and public health continues to go
down, and perhaps we should agree globally to a tax for
global health. 

Another change we should make is to pay for health
outcomes rather than health processes. If payments in
this country were based on health outcomes instead of
health processes, we would see health care delivery sys-
tems getting financial returns by sponsoring programs to
end smoking, increase exercise, improve nutrition,
reduce obesity, use sunscreen, use seatbelts, and so
forth. It would change the entire system, and it would
allow the marketplace to promote health rather than
health care. Give a premium for improved health out-
comes, and you will see health insurance companies
trying to find sick people to enroll rather than healthy
people. 

We also need to redistribute our research efforts.
Now, 95 percent of our research money is spent on 10
percent of our health problems, and less than 1 percent
of the new drugs and vaccines developed are intended
to attack the world’s big health problems. Tax breaks
and incentives for vaccines and drugs could change
those ratios and make a difference in the world. The
breakthroughs seen in 20 years of AIDS research show
what can happen when you concentrate on a problem.
We could learn from the military how to direct research
funds to priority needs. 

The Gates Foundation has begun an initiative to
focus research on specific global health threats by
making grant challenges. In the case of tuberculosis, for
example, you can see that when a vaccine grant is pro-
vided, suddenly you find good researchers who have a
burning interest in developing a tuberculosis vaccine.

What if we made this a credible area of research? Uni-
versities could help to push these changes by making
research into global health problems an accelerated way
to get tenure. The government could also support the
effort by devoting just 10 percent of the NIH research
budget to problems of the developing world. All of us
could make a difference if we were heard on the dis-
cussions on health budgets. What if we laid out the case
for what $500 billion could do in global health rather
than in a race to Mars? 

The United States needs to extend the gifts it gave
the world, by taking a lead in improving global health.
That effort should begin with rational plans and efficient
programs that make simple tools, such as vaccines,
available to people everywhere. It should refocus prior-
ities, reward positive benefit-cost programs, pay for
health outcomes, and promote global research. We
should consider a children’s trust fund, where we raise
$10 billion a year for ten years and with a capitalization
of $100 billion we could then provide $5 billion a year
in new money for children’s health, children’s survival
programs, and children’s education around the world.
We should insist with our AIDS programs that they
include education for all, especially females, and we
should support antipoverty measures, including family
planning and microcredit programs. Those changes are
all in the realm of possibility. 

In summary, a rational global health future would do
three things: It would help to close the gap in health
between the rich and the poor countries of the world.
It would efficiently use existing science and technology
tools. And it would develop a rational plan to focus our
research capacity on the biggest global problems, not
just the U.S. problems. If we define immortality as the
absorption of one’s soul in selfless endeavors, then sci-
ence and technology have great opportunities for
immortality in global health. 

If payments in this
country were based
on health outcomes
instead of health
processes, we would
see health care
delivery
systems…sponsoring
programs to end
smoking, increase
exercise, improve
nutrition, reduce
obesity, use sun-
screen, use seat-
belts, and so forth.
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Margaret A. Palmer is a professor of entomology and

biology at the University of Maryland, College Park.

The broad objective of Dr. Palmer’s research is to

understand what controls stream ecosystem struc-

ture and function. She focuses on restoration

ecology and how land use, hydrology, and geomor-

phology influence the health of running-water

ecosystems.

Through an Environmental Protection Agency

STAR award, Dr. Palmer has been working closely

with the Montgomery County, Maryland, Department

of Environment Protection to evaluate the effect of

land use change on stream ecosystems in four

urbanizing watersheds in Maryland. Dr. Palmer is

also actively involved in research on restoration

biology, particularly the methods and effectiveness

of various stream restoration approaches. She is

leading a national team of scientists to develop 

the first comprehensive national database on 

river and stream restoration in the U.S. and to eval-

uate the ecological effectiveness of restoration

(www.nrrss.umd.edu). She chaired the Ecological

Society of America’s project, Visions for Ecological

Science in the Twenty-first Century, which resulted in

a major report that will guide ESA’s efforts over the

next decade and an article in Science magazine

(2004: vol. 304) entitled, “Ecology for a Crowded

Planet.” 

Among other awards, she has been appointed as

a McLain-McTurnan research scholar, a visiting

scholar of the British Ecological Society, a Lilly fellow,

an Aldo Leopold Leadership fellow, and a AAAS

fellow. 

I will be speaking with you here about nature’s tech-
nology, which encompasses the services nature provides
that we often take for granted. There’s been a lot
written about the various ways in which people con-
struct “stories of nature,” which describe how they
view their relationship to the natural world and what
they see coming in the future. One story, which we
could call the doomsday story, revolves around human
domination, control, and ultimately destruction of
nature’s technology. This is a fairly easy story to con-
struct, if we just look around. We can easily see evi-
dence of human impacts even in the deepest parts of
the ocean and the most isolated regions of the world.
So, the doomsday story is not very appealing, but easy
to imagine. 

Another story, which we might call the enviro story,
is that things will be just fine, if we return to a simpler
life and ease up on the natural world. In this story, we
restore natural systems or allow them to become
restored over time by stopping the damage we currently
inflict on them. The idea is that recovery is possible. It’s
a very desirable story, but nearly a fantasy. Without
reductions in human population, it’s pretty hard to
imagine nature’s technology actually recovering. So, the
enviro story is appealing, but hard to envisage. 

Imagine a third story, an intermediate story, in which
science enables a future in which natural ecosystems
provide essential services to a burgeoning human popu-
lation. This outcome is accomplished by a combination
of more sustainable lifestyles, more restoration, more
technology, and more conservation. This is the vision
that I want to hold. It is pragmatic, because it admits
that we’re not going to see a rapid decline in human
populations in short order. It’s also pragmatic because it
recognizes that technology cannot solve all of our prob-
lems. Human technology is either inadequate or far too
expensive to replace nature’s technology. This vision is
also pragmatic because it integrates humans into nature,
as a central component of our ecosystems, rather than

Margaret A. Palmer
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viewing humans as outside the system and damaging it.
In fact, we are not only drivers of change on this earth,
but also recipients of that change. So, for me a desirable
future is a world in which large human populations are
sustained along with functioning, living ecosystems and
the benefits those systems provide. 

Let’s examine the state of our natural systems today
to see how much have we damaged nature’s technology
with respect to land, air, water, food, climate, and bio-
diversity:
• LAND. Currently almost all of our land is either par-

tially or fully transformed. Areas that are considered
to be pristine are typically the more remote, inhos-
pitable, and undesirable regions of the world, with
only a few exceptions, such as parts of Central
America. What role could science play in protecting
our land? Actually, science can do a lot more, par-
ticularly the emerging field of science for sustain-
able development. In particular, we need to move
more in the direction of designing for environ-
mental resilience. Science has a lot to contribute in
this area, setting aside the issue of whether the
political will exists to put scientific knowledge into
practice.

• AIR. We know very well now that atmospheric con-
centrations of the greenhouse gases and the ozone-
depleting gases are increasing. These gases, which
have very long half-lives, are transported around the
globe on air currents, so they affect even those areas
I was calling pristine. For example, in remote areas
of Asia global ozone pollution is high enough to
jeopardize agriculture and some natural ecosys-
tems. Most of this pollution has been transported
from Europe and other parts of the world. What
role can science play? Much of the technology
needed is already developed, but there’s a lot more
implementation that can be done. 

• WATER. Only 1 percent of the earth’s surface is cov-
ered in fresh water, but arguable it’s the most crit-
ical natural resource we have. Chronic water
shortages currently threaten development around
the world, and 2.3 billion people live in river basins
where water supplies are under stress. Humans
now appropriate about 54 percent of the accessible

runoff worldwide, and that share will reach 70 per-
cent in the next 25 years, given current rates of
population growth and consumption. Most of that
water is going to agriculture in many parts of the
world, but only about 55 percent of all irrigation
water actually makes it to the crops, because distri-
bution systems are so inefficient. Furthermore,
we’re pulling out fossil ground water, that is, water
that has been below ground tens of thousands of
years. In the United States, we’re particularly bad
about exploiting ground water resources, which
cannot be quickly renewed after they have been
depleted. The science and technology needed to
change the situation is largely known, but it’s
simply not being used. 

• FOOD. More than a billion people have no food
security. That means they lack the physical or eco-
nomic means to get enough food to support their
basic needs on a daily basis. About 60 percent of
rural communities in the tropics and subtropics are
suffering a decline in household food production,
largely because of a dramatic decline in soil quality.
Now, this is an area where I think much more sci-
ence can be done and applied, but it’s essential that
it be done at the local level, so that scientific knowl-
edge can be integrated with local social traditions
and human capital. It’s not something that can be
easily exported without working with the local
people. 

• CLIMATE. There is no question now that the
increase in global temperature exceeds the natural
variability and has done so since the 1980s. Human
impacts on the climate arise on a global scale from
the emission of greenhouse gases, and on a regional
scale from land use changes that bring deforestation
or, in areas like Washington, D.C., where I live, the
paving over of what used to be agricultural farm-
lands. The likely outcome is more frequent heat
waves, drought, and storms, with massive business
consequences, habitat loss, and biotic shifts. I
always found it interesting that our current admin-
istration had trouble accepting the idea of climate
change, while so many businesses had massive pro-
grams under way to determine how they were



Science and Society’s Futures: Palmer 3 3

going to deal with climate change problems. What’s
the role of science? There’s no question science has
to play a bigger role, and I suggest that we need to
move beyond scenario development. Just producing
scenarios of what will happen in the future will not
resolve the problems. 

• BIODIVERSITY. We need to think about how sci-
ence can better understand and strengthen the
resilience of ecosystems, so that their biodiversity
will remain robust. Unquestionably, extinction rates
are increasing, and very dramatically for some
species. In fresh water ecosystems, the area that I
work in, extinction rates are astoundingly high,
higher than any other ecological system on earth.
We have extinction rates of over 60 percent already
for fresh water mussels, largely related to declining
water quality. Our biodiversity problems go beyond
habitat loss, which says something about the water
that we’re eventually drinking. What’s causing this
biodiversity loss? By far the most important driver is
change in land use, particularly in tropical and tem-
perate forests in South America. Other factors, such
as climate change and nitrogen deposition, are also
important. In considering impacts on biodiversity,
we should be mindful that biodiversity in many
ways supports nature’s technology.

Thus, we have some major environmental issues to
confront. From the availability of clean water, air, and
food to the climate and species diversity that future gen-
erations will enjoy (or not), new science is needed. This
science will have to be highly interdisciplinary. For
example, I have been working with a team of econo-
mists, hydrologists, geomorphologists, and ecologists to
forecast the effects of land use change on watersheds in
the urbanizing areas around Washington, D.C. We see
a significant increase in discharge as land use changes
from agricultural fields to mostly impervious surface,
such as buildings, roads, and parking lots. Our team
looks at the ecological consequences of that kind of land
conversion. The economists build scenarios that project
how policy changes will impact future land use. Those
scenarios go to the hydrologists and the geomorpholo-
gists, who then examine the impacts on bio-diversity,
water quality, and other variables. Using our scenarios,

we’ve found that changes in policy—even good poli-
cies—don’t make a difference. Maryland has very
proactive smart-growth policies, and yet development
gets around them in almost all the scenarios. So, the
answer again probably does not lie in scenario develop-
ment. The scientists need to look at how we can build
environmental resilience, assuming we’re not neces-
sarily going to be able to make the policies work. 

As we try to develop a
long-term vision for sus-
taining our environment,
scientists must recognize
that sustainability is about
coupled socio-ecological
systems. It’s not just a scien-
tific problem that we can
solve in isolation; it also
involves policy and manage-
ment issues. This requires a

new mindset and new collaborations. I’m going to men-
tion six things that I think we as scientists need to do: 

First, we need to change our focus from problems
that are here and now to those we can anticipate.
Again, we should be developing technology and science
for resilience and for the unexpected, because we just
don’t know how effective our policies are going to be. 

Second, we need to recognize that every ecosystem
on earth is affected by local and distant decisions, or
more often by a lack of decisions. This point applies to
everyone, not just to scientists. Because most environ-
mental change is extremely slow, it’s difficult to detect,
yet it leads to the accumulation of serious and some-
times irreversible consequences. Many of those conse-
quences arise out of what I call de facto management of
our ecosystems, which means that we’re simply not
doing any active management at all. What we need is
purposeful management that is informed by science.
The scientists aren’t saying what to do, but they’re at
least playing a role in providing the information.

Third, we need to produce and use new and inte-
grated knowledge to solve and predict problems. By
integrated, I mean not only that the various disciplines
have to work together but also that we have to include
human action as part of the ecological framework. This
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requires knowledge generated by teams that are multi-
disciplinary—involving environmental scientists, econ-
omists, engineers, and social scientists—and also
multisectoral—involving stakeholders from academia,
business, government, and civil society.

Fourth, to produce that knowledge fast enough, we
need detailed strategies for developing new epistemo-
logical and methodological approaches, new types of
research teams or other modes of collaboration, and
novel technologies and computing tools. Even if the
solution to a problem is distant, we need action plans
now to figure out how to start working toward a solu-
tion. What if we only had this kind of tool, this piece of
information, or this kind of technology? Could we then
solve the problem? So far, we haven’t been doing that
well enough.

Fifth, we need to vastly enhance outreach and edu-
cation. This is a two-part process. First, we must
enhance scientific understanding of societal needs, so
that scientists, the public, and policy-makers can work
as partners to move toward more sustainable futures.
Second, we must encourage scientists to communicate
what they know to build a more scientifically informed
public. Both scientists and nonscientists need to be edu-
cated. 

Sixth, we need scientists to participate in a process
with a community of stakeholders in which the science
and decisionmaking are linked. The days of the elite,
distant scientist have to end. That example I mentioned
from my research involved working with county plan-
ners and asking, What do you need? What is possible?
It takes a lot of time to build those relationships, but
that is what scientists need to do if they want to be
effective. 

What we can do right now in the short term? I think
the actions that scientists can take are going to vary
from group to group. I have been involved in the devel-
opment of an action plan for ecological science under
the auspices of the Ecological Society of America (ESA).
The goal was to make sure ecological science moves for-
ward in ways that can ensure that ecological knowledge
actually makes a difference in our world’s future (full
report available at http://esa.org/ecovisions). 

The first area for action is to start building an
informed public. This is an enormous, critical task. I
mean “public” broadly to include citizens, politicians,
managers, and everyone in a genuine understanding of
environmental and sustainability issues. 

The second area for action
is to massively change the
extent to which research
anticipates the needs of our
society in advance of a crisis.
We need more high-risk exploratory research, and cur-
rently the funding is just really difficult. It’s easy to get
funded for something you know is going to work, but
we also need to fund less predictable projects, where
the potential payoffs maybe much greater. 

We also need to be more efficient in how we do
interdisciplinary work. Despite all the talk you hear
about the need to be interdisciplinary, we still have a
single-investigator mentality. It’s almost impossible to
get funding for interdisciplinary programs unless you’ve
formed your teams, you’ve identified your ideas, and
you have moved fairly far along in the process. It’s hard
to have the time and the resources to put such a pro-
gram together, and even funders generally don’t know
how to do it. 

Let me just give you an example of how complex the
problems can be. Let’s say we want to decrease the inci-
dence of air quality–related asthma problems for chil-
dren in the Washington, D.C., area. What kind of team
do we need? We need epidemiologists, who can track
trends and patterns in health. We need atmospheric sci-
entists, who can look at airflow particle transport, and
environmental scientists, who do work on land use
change and how that influences the flux of materials.
We need engineers to design technologies to reduce
emissions and to design sensors for detecting those
emissions. We need computer scientists to help us
design optimal array deployment for those sensors to
maximize the data we get. We need informatics experts
to design and manage databases. We need social scien-
tists and statisticians to help us interpret the results with
respect to socioeconomic status, lifestyles, and so forth.
We’re supposed to get those teams together and write a

The first area for
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coherent proposal with no funding and very little
knowledge of who to go to. As a hydroecologist, I’m
supposed to know which epidemiologist to go to? We
almost need matchmaking services.

In moving toward more anticipatory research, we
need to vastly and rapidly enhance the availability of
environmental data. I have a colleague, the director of
the Center for Ecological Analysis and Synthesis in
Santa Barbara, who jokingly says that we don’t really
need any more data or studies; we just need to get a
hold on all the information that is out there, sitting in
people’s files, and synthesize it. Then we could answer
a lot of questions. So, ESA is coming up with a set of
very concrete recommendations to democratize access
to scientific information. 

A final action area that I will just briefly mention is
the need to stimulate cultural changes. Right now,

there’s not a lot of reward for interdisciplinary work or
for education and outreach. Tenure committees still
look to see who is the senior author on a paper and
question the intellectual contribution of others on the
team. The culture of data sharing is still problematic,
and communication and translation of scientific work to
the public are rarely rewarded. But that culture can be
changed! My community is doing vastly more applied
ecological research than it was 10 years ago, and that
research is not only acceptable but admired.

My message here is one of hope that we can move
toward a future that protects nature’s technology and
sustains large human populations. I think this can be
done with the right kinds of action plans. What it
requires, however, are a much more proactive scientific
community and a reward system to match it.
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A few years ago I was asked to describe what it’s like to
approach a new century, and I described a world in
which a technological revolution is widespread and
accelerating. Electronic networking is spreading even to
the developing areas. Driven by the demand for enter-
tainment, disks, mass storage, and image recording are
establishing a technological foundation for a global vil-
lage. We see a new science of industrial management
with tremendous increases in productivity, a new
understanding of matter and the origins of the universe,
and new discoveries establishing the foundations for a
genetic revolution. But, we also see a lot of concern
over the environmental and health impacts of tech-
nology. In a field of particular concern to me, there is
concern over reducing the destructiveness of weapons
and preventing violence and war.

I described this problem as the conflict between a
new world order and the remnants of an old world
order. On one hand, we see the spread of democracy,
the rule of law, arms control, transparency, and human
rights in many cases challenging traditional concepts of
national sovereignty, but on the other hand we see
tremendous ethnic conflict and civil unrest. Fundamen-
talist Islam is challenging the great powers, and a new
style of terrorism is emerging in the world. Still, most
governments remain focused internally on domestic
issues, although many of those domestic issues have
important implications internationally, such as the issue
of immigration.

Furthermore, the relations among the great powers
are shifting. A lengthy peace in Europe has prompted
those powers to look inward. A united Germany is seen
as both a vehicle for a new, more prosperous Europe
and a cause of concern. In Russia, the stability of dem-
ocratic and economic reforms is uncertain, and pressure
is strong to exploit natural resources, such as oil, and to
become enmeshed in territorial disputes on its borders.
You see U.S. and European relations strained and
France jockeying with Germany to shape the new era.

Ronald F. Lehman II
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The American model is weakening in a Japan that is
increasingly acting globally, and Japanese military
powers are going largely unnoticed. Asia’s path overall
seems unclear, but the economies and trade are
growing. China is second and India fifth in terms of pur-
chasing power parity of gross domestic product. 

Well, this audience is smart enough to know that I
was talking about the transition from the nineteenth
century to the twentieth century, not the transition
from the twentieth century to the twenty-first century.
Although the examples of technology and politics are so
similar, I’m not arguing that nothing has changed over
the twentieth century. In fact, the rate of change has
been tremendous. Still, these persistent cultural and his-
torical themes tend to dis-
guise the magnitude of
change resulting from the
interaction of technological
change, human institutions,
and human behavior. 

There is sort of a stan-
dard model of how we
think about the world,
which we all tend to draw
from for various purposes. One assumption of the model
is that technological change is accelerating at geometric
rates, driven by transnational, multidisciplinary syner-
gisms. Another assumption is that human institutions
are coping very unevenly and are in flux. If they are
changing in a positive direction, the rate is at best arith-
metic. A third assumption is that human nature and
behavior are amazingly constant. In fact, you can make
a case that in some ways aggregate behavior may be
changing as populations change. The rising number of
young males in certain populations tends to correlate
with violence, for example, and environmental toxicity
may be having adverse effects on behavior. In short, if
you extrapolate normal accident theory to its ultimate
conclusion—that any catastrophe that can happen will
happen—then you quickly reach the conclusion that
we and our civilizations are all doomed. 

I want to offer a repudiation of that view. Of course,
we do live in very dangerous times. Technology is not
only part of the solution, but it is part of the problem.

We do have to think about the impact of human insti-
tutions and behavior. Sometimes it’s best, however, to
look at a problem from the long-term perspective. Other
times, it’s best to look at it from a short-term perspec-
tive. Indeed, in the long-term perspective, if you’re
standing on the railroad tracks at a certain point and
looking either where you came from or where you’re
going, you tend to compress the X axis, which makes
the Y axis seem more compelling. From that perspec-
tive, positive things can be identified that should make
you feel better about life. 

You may see positive developments in the long term,
but not in the short term. In particular, you may see
developments not only in the rate of change, but even
in the direction of the change. In the short term, then,
we are faced with tremendous prospects for improve-
ment, but also tremendous prospects for loss. In the first
half of the twentieth century, well over 100 million
people died as a result of two world wars that grew out
of Central Europe. In the last half of the century,
although we have had, by various counts, 165 or 285
largely undeclared wars and conflicts around the world,
the total loss of human life, both in absolute numbers
and as a percentage of the population, has gone down.
As violent as they have seemed in the short-term per-
spective, in the long-term perspective the past 50 years
have been a period of relative peace. So, you have to ask
the great question: By what standard shall we judge? I
think that is one of the toughest questions for any
group, especially a multidisciplinary group, to come to
grips with. 

During the Cold War, we were preoccupied with the
threat posed by blocs and by nation states. Clearly, with
the end of the Cold War, that has changed greatly, with
much more concern about nonstate actors, substate
actors, state surrogates, and even small groups and indi-
viduals, whether it is the Aum Shinrikyo cult in Japan,
the Unibomber or some of the militias in the United
States, or the fundamentalist terrorists. At the beginning
of the twentieth century, there was this preoccupation
with the nihilistic, so-called Macedonian style of ter-
rorism. Now, at the beginning of the twenty-first cen-
tury, our concern is with transnational terrorism. 

What is emerging is a society in which we are tech-
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nologically empowered for good or ill. For good, tech-
nology enables tremendous increases in productivity
and enhances the prospects for everyone’s security,
prosperity, and freedom. The bad is that technology can
facilitate abuse from above by authoritarian impulses 
or abuse from within or below by nihilistic terrorism.
We have to come to grips with how we ensure that we
get what we want and don’t get what we don’t want. 

One of the areas that everybody focuses on and is a
major part of my life is the spread of weapons of mass
destruction. Traditionally, we’ve tried to establish and
get universal endorsement of broad international norms
for such weapons to guide state actors, although some-
times these treaties also affect how citizens, businesses,
and organizations behave. In some cases, we’ve devel-
oped implementing organizations as well, but more
often the approach has been to pontificate on high. As
valuable as that is, we really need a different way to
think about the problem. 

September 11 is a day that has long been etched in
my memory. It’s my wife’s birthday, and as is usually the
case I was halfway around the world that day in 2001,
when the terrorists struck. I was in Moscow, and I
watched the horrible events on Russian television in a
Russian restaurant. I then caught a plane to Geneva for
the annual meeting of the International Institute of
Strategic Studies. Most of my State Department delega-
tion trying to get home ended up in Canada, because
planes weren’t flying in the United States. Most of the
Americans who were coming to the conference in
Geneva didn’t make it, so I was designated to be the
U.S. spokesperson to give a wrap up. As I was trying to
focus my mind on what I should say, I decided to go jog-
ging and saw a tourist taking a picture of something. It
turned out to be a trash bin on which someone had
scribbled, “11/09/01 they asked for it.” With that in
mind, I went back and listened to all of our colleagues
from around the world express condolences for the
attack on the World Trade Center. When I stood up, I
said that I appreciated very much these condolences,
but thought I should extend condolences back. I said,
“Remember, this isn’t the U.S. Trade Center, it’s the
World Trade Center.” Then in a highly speculative
mode, I said I would bet that people from 30 to 40

countries were killed in this attack. Well, I was wrong.
The number is more than 80. Citing the theory of six
degrees of separation, I said candidly that many in the
audience would probably discover in the following
weeks that they knew somebody in those buildings,
because that’s the nature of global society. 

I then commented on a number of remarks that had
been made. One of the remarks was that nobody
thought this would happen. I said, “No, on the contrary
that was always the baseline scenario.” In fact, many of
the strategic planning exercises start with the scenario
that somebody crashes an airplane into the World Trade
Center or variations on that assumption. Remember, it’s
not as if the World Trade Center hadn’t been attacked
before, and it’s not as if nobody had ever hijacked an air-
plane to crash into a landmark. In fact, a plane had been
hijacked out of Algeria, but it was stopped in the south
of France. The plan apparently was to crash it into the
Eiffel Tower. The destructive merit of that symbolism
was fairly clear. 

I also commented on the way everyone at the
meeting was talking of the terrorists as primitive
tribesmen, who had somehow swum across the Atlantic
to make their strike. I said, “No, you need to under-
stand we’re already beginning to see very sophisticated
people who had lived in our societies and had under-
standings about our societies.” I gave the example of
Osama Bin Laden. Most people don’t realize Osama Bin
Laden used to spend a lot of time in Geneva. He was
the son of a very wealthy family; he was well educated;
and he used to walk the streets of Geneva. Whatever
the motivations, ideology, and thought processes behind
terrorism, the terrorist leadership and many of the
actors are highly sophisticated. Cults such as Aum Shin-
rikyo harbor technologists; the Unibomber was a math-
ematician. We have to be able to deal with a brand of
terrorism that is very sophisticated and technologically
empowered. 

The next point I made
was that modern societies
are highly leveraged on the
way up, which implies that
they’re highly leveraged on
the way down. One of the
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most important things that we need to do after these
attacks is to avoid the breakup of the world economic
system. If we don’t manage the system properly, we
could not only exacerbate economic difficulties and
recessions, but even create conditions for depressions
and political backlashes. We’ve seen the rise of ultrana-
tionalism, from fascism in the past to totalitarian
regimes now in power. 

One of my concerns is a breakdown in the world
trade system, particularly the economic consequences
of extensive protectionism. Another concern is the con-
sequences of an economic breakdown within specific
industries, and of course the airline industry is an issue.
After Pan Am 103 went down, you know what hap-
pened to Pan Am over time. You know what happened
to TWA over time. Within two months Swiss Air had
gone bankrupt, and it’s now been reorganized. We
really need to think about the consequences for the
entire airline industry. 

We need to change how we think about the para-
digms of these threats. Even right after September 11 it
was already clear that what happened on United 93
over Pennsylvania was different from the other hijack-
ings. What happened was that technology had empow-
ered the passengers to make a decentralized judgment
that the paradigm for managing hijackings had changed,
that the notion of “cooperate and graduate” did not
apply in this case, because the hijackers didn’t want
money. They wanted to use the airplane as a weapon,
and the passengers took appropriate action. 

Our society has an intense destructive latency in
almost everything we do, and we don’t understand it
very well. We don’t understand the people who might
abuse the vulnerabilities of our society, and we are con-
fused about timely and effective responses. We know
that the dangers are consciously and rationally induced,
even if it’s for an irrational purpose. We need to start
understanding the motivations and behavior of people
and organizations that are threats. We have a long his-
tory of doing that with respect to nation states, but I
think in particular with individuals and small groups we
really need to advance our knowledge. 

Now, I want to go back to the various arms control
treaties and international norms that I mentioned ear-

lier. While those agreements are still very important,
working those problems has moved in an entirely dif-
ferent, more productive direction. In the international
arms area, we are increasingly focused on what some
call cooperative threat reduction, but I like to call coop-
erative risk reduction at a detailed level that brings mul-
tiple perspectives and disciplines together. It involves
both the hard sciences and the soft sciences, and it
encompasses a number of spheres that we often deal
with separately. I have in mind here the problems of
how development, technology, and security all interre-
late. There is a tremendous source of talent, much of it
in the developing world, to help us accelerate progress.
That talent will either turn against us or be a tool for us,
and we need to mobilize and energize that talent. 

As we look analytically at the context in which all of
this is taking place, we need to ask ourselves which is
more important: the trend or the backlash against the
trend? For example, in the Islamic world the trend is
towards modernization, and yet one of the backlashes
against modernization is this support for transnational
terrorism. We need to understand both phenomena
much better than we do. 

We also need to look at our tools for advancing our
net security, our net freedom, and our net privacy alto-
gether, not just in one area of interest—whether it is
prosperity, efficiency, security, or freedom—at the price
of the others. There are bound to be some tradeoffs, but
I think that we could be more innovative in finding win-
win situations. We really do need to spend more time
focusing on feedback and lessons learned. It’s amazing
how many things we continue to do wrong knowing
that they’re wrong. 

Can we really mobilize science to do the things that
need to be done? Let me conclude by highlighting some
of the steps that I think we need to undertake to address
this security challenge, which as I said cannot be
delinked from the development challenge. I disagree
with the notion mentioned earlier that America’s great
contribution to civilization was that we showed you
could plan. I think we showed you could have a process
in which you address different perspectives peacefully
and arrive at a rational outcome, albeit not always a per-
fect one. What’s important is not what the answer is but
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getting together a process that will find an answer. 
So, my recommendations are something like this:

The first is that we need to improve our risk-benefit
analysis, so that it takes account of multiple perspectives
and disciplines. The second is that we really need to
move away from great pontifications about norms,
goals, and objectives, as valuable as they are, and
develop more processes that bring diverse people
together to roll up their sleeves and cooperate on a
more detailed level. The third is that we need to keep
the long term in mind, but also look at the short term.
If I were going to follow the standard accident theory

that I mentioned earlier—namely, that we’re all
doomed—I would say that it is based on long-term pes-
simism that sometimes drives short-term optimism,
along the line that we might as well live now because
the future is terrible. I’d like to reverse that. What we
need is long-term optimism—a vision that we can con-
tinue the long march of progress that has been made—
but short-term pessimism to really get our adrenaline
going and to focus on some of these problems. So with
that I will say that I hope this is our finest hour and not
our final hour. 

What we need is
long-term opti-
mism—a vision that
we can continue the
long march of
progress that has
been made—but
short-term pes-
simism to really get
our adrenaline going
and to focus on some
of these problems.
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We’ve heard a lot of agreement on what the long-term
vision should be for science and society, particularly on
the promise of science and technology, and agreement
as well on the present problems of wide disparities
between rich and poor, ethical ambiguities concerning
biotechnology and other new areas of research, and a
sense of fragmentation and lack of connection across
scientific disciplines. Given that we have these shared
understandings of what the here-and-now looks like
and what the long-term future alternatives are, what
should we do? 

In thinking about the issues surrounding long-term
visions for science and society, we really need to go
back to the foundations of political philosophy. Thomas
Hobbes, the seventeenth-century political philosopher,
justified the power of the government in his famous
work, Leviathan, on the grounds that without govern-
ments the human condition would be solitary, poor,
nasty, brutish, and short. Well, it’s interesting that nasti-
ness we can find in plenty, and we’ve heard some of our
speakers describe different ways in which nastiness
exists. So, the human conditions in society that Hobbes
was wrestling with have by no means vanished from
the earth. They’re still with us, which suggests that the
political philosophers’ central issue—how should we
govern ourselves?—ought to remain every bit as central
to our thinking today as it was four hundred years ago.
This issue is not going to leave us.

So, I would like to rephrase the panel’s challenge
about how to connect the here-and-now to the long-
term future. Really, this challenge is just about that
recurrent problem of governance: How should we
govern ourselves as human beings in human societies?
At the risk of reductionism, let me pick up on four
points that our four speakers made about how to con-
nect our understandings of the present to how we want
to imagine the future. Jack Gibbons, with his wide his-
tory of involvement in governments, seemed to suggest
that wisdom is the trait that we should cultivate. He
quoted Peter Drucker as saying that, after all, the long-
term future is nothing but a consequence of our short-
term investments, which suggests that we should make
our short-term decisions as wisely as possible. 

Bill Foege suggested that efficiency is a major
problem in connecting the present to the future. He
gave us lots of extraordinary examples of the disparities
between what we know and what we have in some
parts of the world, compared with other parts of the
world. I found his example of creating first-world health
conditions for his family in a third-world outpost very
interesting, because it didn’t take a whole lot of skill,

Discussion: Sheila Jasanoff



Vision 2033: Linking Science and Policy for Tomorrow’s World4 2

right? It required enough money to be able to boil
water, perhaps, but it didn’t take much in the way of sci-
ence and technology. He suggested that we need to look
for more rational, efficient ways of distributing the pie
that we already have. 

Margaret Palmer talked a lot about communication,
especially interdisciplinary communication between sci-
entists and the public. One of the recurrent themes, I
think, in all the presentations was the need to invest
much more energy and interest in communication, not
just between scientific disciplines but between science
and the public. One of Margaret’s central points was
about the need for pragmatic judgments based on com-
munication, better understanding, and clearer defini-
tion of what problems we need to tackle.

Finally, Ron Lehman’s presentation focused on the
need to integrate the often-complicated messages circu-
lating in today’s world. He mentioned the same episode,
the tragedy of 9/11, being seen from various perspec-
tives: By an American, whose wife’s birthday was on
that day, who sees the attack as a devastating problem
that confronts the world; or by some people in Europe
who see it as a grievous moment for America, while
others see it as a moment to rejoice about America
finally getting its due. These different perceptions came
together at the same meeting, in the same town, on the
same sidewalk, around the same language. Consider for
a moment that the trashcan message was in Geneva,
but it was written in English and was being pho-
tographed by a Japanese tourist—so that’s our world!
Ron suggested that we need to think of ways of inte-
grating this world, where things are so disparate and so
likely to go off in so many different directions. 

So, I took away from our discussion here three things
that affect the human condition in the long term and
the short term: health, environment, and security. After
all, most things that we do are in the short-term. Our
daily lives are local and immediate, grounded in the
here-and-now. We know what is possible in the short-
term.

For the past several years I’ve been thinking that we
need to pay attention to a set of techniques in our
society that I’ve labeled technologies of human living.
These techniques are not for prediction, because I think

we are already wonderfully skilled at predicting in the
technical sense. We know how to run our software, put
lots of variables together, and build datasets. But I don’t
think we’re as good at what Ron referred to as the soft
sciences. I will call them technologies of humility.
Aggregation, scenarios, and forecasts about the future
are in a sense technologies of hubris, and I don’t think
that they take us far unless we also think of concomi-
tant equal and opposite technologies of humility. Those
technologies of humility are about retrospection and
about looking across horizontally, not just forward and
not just linearly. 

I try to address four questions in my own work. The
first is, How do we frame problems? I think we’re almost
getting at this. In recounting his 9/11 story, for instance,
Ron suggested that the plane that went down in Penn-
sylvania had contained within it a sudden reframing of
the problem of hijacking. I’m not sure whether I agree
with his analysis of the problem as being technology-
driven decentralization, as one example of the way that
problems are seen so differently around the world today.
I work on Germany, Britain, and U.S. comparative cross-
national issues, and they do not see problems in the
same way. South Korea does not see the problem of
human cloning in the same
way that we see it. There-
fore, any understanding of
how to rank the present or
the future must take
account of the fact that
people see problems in
vastly different ways. If I had
to point to a single academic discipline that really con-
cerns itself with these issues, it would be anthropology,
particularly ethnography, as the methodology. 

Second, how do we learn from experience? What
stories do we tell ourselves about the past? Again, you
will find that we do not tell ourselves single stories
about the past. Even among our speakers here, opinions
diverge on the greatest thing that America has con-
tributed to the world: Is it rationality, or is it the libera-
tion? History contains many stories within it, and
understanding how we learn from experience is a very
important skill to develop. The discipline that most

Aggregation, 
scenarios, and 
forecasts about the
future are in a sense
technologies of
hubris, and I don’t
think that they take
us far unless we also
think of concomitant
equal and opposite
technologies of
humility.

Any understanding of
how to rank the
present or the future
must take account of
the fact that people
see problems in
vastly different ways.
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develops that skill is history. 
Third, how are the consequences of our actions dis-

tributed? What makes for differences in the penetration
and uptake of ideas, even the same ideas among people
similarly situated, and how should we think about those
differences? Well, that is a role arguably for ethics and
moral philosophy. 

Finally, how can we make norms that people will
accept, even if they disagree about the outcome of the
process? What will make them buy into the legitimacy
of the process? These are areas for political theory and
for law. Disciplines such as anthropology, history, phi-
losophy, law, and political theory are absolutely essential
to weave into our discussions of how to use science and
technology and how to think about the connections
between short-term and long-term futures. 

One word that I found missing from the presenta-
tions here is “institutions,” because we don’t operate in
a vacuum in thinking about these things, nor do we
operate only within the bowels of large databases or the
Internet. We all operate within institutions. The last
observation I have is that, if we want to develop these

technologies of humility that we need to reflect criti-
cally on the here-and-now, we have to think about the
institutions within which we work, and we have to take
those institutions’ qualities seriously into account. 

For me, my institution is my university, and I often
see my relationship with it as an ongoing battle. In my
negative moments, I can think of it as a place of super-
stition, as a place of darkness, as a place of ignorance,
because there are barriers that we haven’t learned to
transcend even in our most valued, most sophisticated
institutions of enlightenment. All of you will find dif-
ferent institutions in which you have your own kind of
dark lord and ring of power, to use popular culture and
metaphors again. 

We have to remember that all of our attempts to
make a difference in the here-and-now have to be done
inside institutions and inside cultures. We have to
understand better the limitations and barriers of those
institutions and cultures. For that we need a set of intel-
lectual resources that draw on a range of disciplines and
need to be coupled to science and technology in mean-
ingful ways.

Disciplines such as
anthropology, his-
tory, philosophy, law,
and political theory
are absolutely essen-
tial to weave into our
discussions of how to
use science and tech-
nology and how to
think about the con-
nections between
short-term and long-
term futures. 
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I’m just a grant engineer working at a foundation with
the imposing mission to increase and diffuse knowledge
about the long-term future of humanity. In that capacity,
I have the good fortune of meeting scholars of great bril-
liance from all over the world, and I think all of the
speakers here fit that bill, so almost everything that
needs to be said has been said. 

I’d like to bring up a couple of specific instances for
discussion: Nuclear waste and soccer games. Nuclear
waste is a big issue that we all know about. An eminent
panel of technologists, nuclear scientists, and engineers,
among others, has recently gotten together and con-
cluded that everything we need to know about con-
taining nuclear waste is already known, and the
solutions are all nontechnical. 

The second thing that I’d like to point out is about
soccer games. I used to coach soccer for my kids. What
amazed me was that, if a soccer team from one street
was playing the soccer team from another street, the
parents could get at each other’s throats and yell to win
at any cost. But, when the two streets merged to form
a team to play the next neighborhood, the same thing
happened, except that the parents who used to be at
each other’s throats were now at the throats of the
neighborhood parents. The point is, when it comes to
our identities and loyalties, we are capable of some
amazing shifts. 

So, the two questions in my mind are, first, with all
of our technologies, science, knowledge, and informa-
tion at hand to solve problems, why are almost all the
solutions ultimately nontechnical in nature? Second, as
we define our identities for ourselves, what are we
capable of? If we had to face the possibility of a real
alien threat, what would we do? I suggest that we prob-
ably would come together to resolve almost everything
that we need to resolve, because what we need to
know already exists. What we need to do is really the
challenge. 

The three panelists have pointed out that globalization
and sustainability are issues we will have to face. Global-
ization is occurring at an exponential pace today, but it is
not anything new. To my mind, globalization started
160,000 years ago when the first people left Africa to
migrate around the rest of the planet, and the early
adopters included Alexander as he extended his empire
and Marco Polo as he opened trade routes. But what’s
different today, based on our knowledge of the interrela-
tionships that are forming and the tremendous pace of
change, is that we are confronting the end of the nation
state. We’re beginning to understand that the notion of
interdependence is much larger than simply one indi-
vidual to another within a country or a neighborhood or
a society, but rather that interdependence is planetary. 

Science is telling us that there is a universality to
who we are. Only two genetic letters separated us

Globalization is
occurring at an expo-
nential pace today,
but it is not anything
new.
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from the horse about 140 million years ago, so in a
biological sense, and in almost any other sense, we’re
beginning to understand that who we are is totally dif-
ferent from what we thought. We are on the edges of
a paradigm shift away from the local and individual to
the global and universal. Whether we are considering
the sustainability of ecosystems or the equity between
the haves and the have nots, we are looking at prob-
lems on a global scale. Our consciousness has risen to
another level. 

I’d like to mention three
things in connection with this
paradigm shift. One is a
change in education. Educa-
tion will still have to include
science, technology, and all of
the other things that we need
to know about at all levels,
but education will also have
to include teaching children

about global citizenship. We will need to teach them
that they are members of the planet and that all other
identities and loyalties are secondary. If we are to come
to grips with what has been identified as our long-term
problems, then we have to begin with that universal
identity of who we are. 

The second thing has to do with science itself. What
we are now confronting is the leading edges of the sci-
ence of self, including the mastery of the human
genome and all the related genetic engineering that may
become possible. It has been pointed out that the social
sciences are progressing at an arithmatic pace, while sci-
ence and technology are going at a geometric pace.
There is an opportunity to narrow that gap in the next
20 to 30 years.

In considering the science of self, however, I’d like to
raise a caution about the politics and the economics of
science. From both the political right, we have come to
a sorry state of affairs in which mutual respect for each
other takes precedence over knowing what we need to
know. If some people claim to be in possession of the
truth, they have to be heard before science is allowed to
contradict or proceed to say no, you are wrong. Science
must be allowed to pursue ideas freely, wherever they
may lead. The problem is not with science but with
everything else. 

The third thing I want to mention is the question
that has been raised about what is America’s greatest
contribution. I think it is the Constitution of the United
States. If that document were applicable to the rest of
the planet, then I think we’d be on our way to solving
some of these very basic issues.

If we are to come to
grips with what has
been identified as
our long-term prob-
lems, then we have
to begin with that
universal identity of
who we are.

Whether we are con-
sidering the sustain-
ability of ecosystems
or the equity
between the haves
and the have nots,
we are looking at
problems on a global
scale.
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DR. GIBBONS: First, I’d like to ask our panelists if they
have any closing comments. 

DR. PALMER: I would like to ask Sesh to talk a bit more
about the comment that the problem is not with
science but everything else. I think that statement
suggests that scientists don’t have a responsibility,
but, as I said, I think scientists have a lot that they
need to do.

MR. VELAMOOR: I apologize if I seemed to suggest that
scientists don’t have a responsibility. One of the
issues that keeps coming up at our foundation
when we conduct workshops and seminars is that
brilliant scientists coming to these workshops know
a lot about what they know but little about any-
thing else. To me, the future is an emergence out of
a complex interplay of various kinds of knowledge,
and as such scientists need to appreciate other dis-
ciplines. What I meant in saying that science is not
the problem is that all that we need to know (and
I’m exaggerating it a bit of course) is already here.
The real issues are not in the knowledge, but in the
politics or the economics or the cultural values. 

DR. FOEGE: Sesh, you brought up the question of what
would happen if we really had an alien threat, and
Will Durant raised that question once. He said that
we would all come together very fast. The trick is
how to come up with surrogates for an alien threat
to bring people together, and nuclear weapons in
some cases have served that purpose. Similarly,
with diseases such as AIDS, polio, and smallpox,
people see that we’re all in this together. We should
be smarter about trying to figure out how to actu-
ally define surrogates to that alien threat. 

Roger Bacon once was asked by the Pope to do
a summary of science, and he gave a very enthusi-
astic view of what science could do in the future.
But he concluded that science has no moral com-
pass, and then he went on to criticize the church

for not providing a moral compass. I often wonder
what Roger Bacon would say if he were here now.
We have to make the point that science has no
moral compass, but scientists do. Part of what
we’ve been asking here is, How do scientists pro-
vide a moral compass? 

You also mentioned how far back globalization
actually goes. I once used the phrase “global 
village” in a talk, and my teenage son asked me
afterward if I knew whom I was quoting. I said I
thought the phrase came from Marshall McLuhan,
but he gave me the quotation by Polivius from over
2,000 years ago, when he said it may have been
possible in the past for things to have happened in
isolation but from this time forth the world must be
seen as an organic whole. 

DR. JASANOFF: I’ll say a little bit about science and its
moral compass as well. I’m in sympathy with
people who want to separate science from scien-
tists, but I wonder where you find that science once
you’ve taken the scientists out of it. It’s like talking
about democracy without considering the behavior
of actual voters or the sensibilities of particular
Supreme Court Justices. Similarly, we shouldn’t
generalize about science and technology as if they
are not human institutions. I It’s really quite dan-
gerous to talk about a disembodied science and
technology as if they’re not always located in par-
ticular places with politics, with sociology, with a
set of commitments built into them. We need to
always keep that embeddedness of our own activi-
ties in mind.

MR. VELAMOOR: I think it’s possible to disembody the
scientists from the science, if we acknowledge that
we have to look at scientists working today in the
context of the knowledge base that exists from the
past. There is a quality of conditionality to what is
established as science at any given point in time. 
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AMBASSADOR LEHMAN: I don’t know if you can sepa-
rate science from the scientists, but I know you
can’t separate scientists from their humanity.
They’re human, too, even though you may doubt
that about some people you’ve met. I’ve met a lot
of political scientists, and I’ve never met a truly
nonpolitical scientist of any hard or soft science.
That’s because the things that we argue most about,
in all of our professions and in our lives, are the
things we feel most deeply and the things that we
least understand. More often than not, nobody has
an answer, but in many cases we’re not aware of
better ideas in certain areas. That’s why I tend to
move toward a process of bringing people together
in a marketplace of ideas. 

Every time I go to Brussels I’m reminded that
the capital of integrating Europe is the capital of a
disintegrating Belgium. One of the things that we’re
seeing in Europe is that as certain levels of decision
move up—to Brussels, in this case, as the capital of
the European Community—people want to take
other areas of decision back to their locale. There is
in this dynamic of integration a certain amount of
disintegration. We need to understand that
dynamic and then try to find a process that lever-
ages it in a positive way. 

DR. GIBBONS: Let’s go to our patient audience for ques-
tions now. 

QUESTION: I have two questions in the health sphere.
First, what would be the rallying problem that
would bring us all together? For HIV/AIDS, partic-
ularly in Africa, there’s been nasty undercurrent of
blaming the West. Now let’s flip to the much more
positive aspect of the HIV/AIDS crisis. The Gates
Foundation’s magnificent program has put certain
metrics in place to show that treatments should
actually be delivered and that people should be
accountable in places where most who have the
best intentions have seldom attempted to account
for outcomes. How is it going, and what do you feel
is the engagement of people in the field?

DR. FOEGE: First, on the rallying problem, I think the
point that was made about education—that we
need to be educated to think of ourselves as global
citizens—is crucial. Einstein once said that nation-
alism is an infantile disease. He said it’s the measles
of mankind. A lot of our problems arise because
we’re fighting each other; if we could think of our-
selves globally, we would have the rallying cry to do
something about that. 

Second, on accountability, I’m really pleased by
the way and Bill and Melinda Gates have not only
put money into these problems, but have also influ-
enced others, even our own government out of
embarrassment, to add more money to the effort.
Now, your question is one that people have worried
about for a long time: If you hold people account-
able under a bad government, who will really
suffer? The answer is the most vulnerable people
who happen to be living under that government.
While the program is asking every government to
do objective evaluation, I keep asking students how
they could objectively evaluate a measles program
in Africa, and I can tell you that for every answer
they give I can tell them why it won’t work. If we
used our science to develop simple test to deter-
mine who has been vaccinated, you could have
third-party evaluation that was absolutely objective,
and you would know what percentage of kids are
getting measles vaccine. Then you could reward
the people who are administering the program,
everyone from the minister of health down to the
vaccinator, for getting to a high rate of coverage. I
can see what the endpoint should be, but we’re not
there yet.

QUESTION: What have you heard about ideas for stim-
ulating the demand for some of these initiatives,
such as international programs to prevent infectious
diseases, research genetically modified organisms,
or promote global clean water issues and interna-
tional science technology development, so that they
reach the outcomes that you’re talking about? 
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DR. FOEGE: It’s a good question. If we can come up
with a way of measuring outcomes that really make
sense, then I think we will see increased demand.
You would then have the entire Ministry of Health
trying to improve and talking to people in a dif-
ferent way. Outcome measurement is what we’ve
lacked; even in this country we tend to measure
our healthcare processes rather than outcomes.

DR. JASANOFF: I’d like to offer a somewhat different
answer, which also goes back to the previous ques-
tion. Credible measurement systems historically
require credible measurers. The nineteenth-century
nation states arose hand in hand with the human
sciences. A democratic society functions in part
because the government is able to demonstrate in a
credible way that it is actually solving problems that
people want to have solved, and that is an indicator
and measurement problem in a sense. How do you
persuade people that there really is a problem or
that the government is solving it? For a problem
such as unemployment, you don’t see it unless
people are actually homeless, so you depend on a
very complicated set of indicators to tell you about
it. Even though all of us may have known some-
body who died of AIDS, we still have no idea of the
scale of the problem unless we have indicator sys-
tems that we can trust. In Western democracies,
there has been a long co-evolution of structures of
government and forms of measurement.

To find that rallying problem we’ve talked
about, we’ve depended on the measurement and
recognition of problems. We’ve depended on the
pre-existence of a system of relationships between
state and society that people already trust. In the
context of globalization, we’re saying in effect that
some of us have a better capability to recognize and
measure problems than others. By the way, we also
have a lot of experience in seeing that indicator sys-
tems subtly vary even among very similar people, in
part because people want somewhat different
things from their governments and their societies.
Can we reverse the process, which usually pro-
ceeds from creating legitimate governance to pro-

ducing legitimate problem framings and finally to
finding legitimate ways of solving the problems? If
so, we would begin by recognizing the problem,
then developing ways of measuring it, and finally
working backward to create reasonable gover-
nance? The globalization challenge could reverse
the normal direction of how democracy works, but
still lead to better governance.

QUESTION: I’m very concerned that we don’t test our
assumptions in a social context, and let me give you
a very simple example. There’s some testing evi-
dence about whether it is best to get people to coop-
erate by trying to create superordinate identities or
by letting them keep their subordinate identities—
this block versus that block as we discussed ear-
lier—and emphasizing how the subordinate groups
are trying to cope with the problem. In other
words, do you want to say, Well, your block is doing
pretty well in this two-block thing? Or do you want
people to destroy their one-block identities to get a
two-block identity as citizens of the world? Actually
this is not very compelling evidence. These are
questions that can be tested and established experi-
mentally. I am unhappy with people who apply
their scientific reasoning to issues about water or
energy or medicine, but simply want to follow their
intuition when it comes to political or social prob-
lems. Of course, we are limited by ethics in how
much we can manipulate people in any testing sit-
uation. Nonetheless, I wonder why you don’t sup-
port the idea of experimenting and testing things
out socially the same way you do in the physical sci-
ences? 

DR. PALMER: You raise an excellent point. I think we
do need to think globally, but there’s evidence
already that specific actions don’t work unless
they’re enacted locally. There’s some really inter-
esting work you might want to look at coming out
of a group called “The Resilience Alliance,” com-
posed of social scientists and mostly environmental
scientists working together. They have been testing
whether environmental sustainability plans can
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work, and if so at what scale. The only evidence so
far is that fairly small, localized scales are most
effective, although they could have global implica-
tions.

AMBASSADOR LEHMAN: The bumper sticker that
everyone uses of course is “think globally, act
locally,” but what it should say is “think and act
globally and locally.” Recently, I was in Bangalore at
a conference on Information Technology and Devel-
opment, and some of the most interesting examples
of field testing involved looking at how the decen-
tralization of information empowers people at a
very low level and how that can have powerful
social consequences. Now for years the sociologists
have said economic advancement and empower-
ment of women brings down population growth
rates. So we’ve got a theory, but where are the
data? The standard theory had been that the effect
of women’s empowerment kicks in at a very high
level of economic wealth. In fact, what we’re
finding in India, Bangladesh and many other coun-
tries is it kicks in at a very low level of improve-
ment. Once you have some hope for the future,
things change. Simply knowing what the price of
rice is and thus being able to get a better deal off of
the middlemen when you’re a rice farmer improves
your economic growth. It has powerful social and
political implications locally and globally. 

DR. GIBBONS: Our time has gone fast, so let me tell you
a vignette in closing and then make two observa-
tions. Back in the late 1990s, I and some other
people were meeting with the president in the Oval
Office, discussing what we should do about making
a commitment on climate change. We said that the
evidence to date was getting quite convincing, that
we were in the midst of a gathering major problem,
and that a reasonable approach would be to aim for
an ultimate atmospheric concentration of green-
house gases no more than about twice the prein-
dustrial level. With that set goal of concentration,
we devised a least-cost path to get from here to
there, which would take over a hundred years.

That was called the Optimal Path. Economically, as
well as ecologically, the Optimal Path implied that
we would have to begin to move detectably away
from business as usual within about 15 years, and
even so the path would be arduous and would take
a century or more. 

The next question was, How fast should we
move to get started and how soon should we reach
some significant, measurable result? My argument
to the president was the target should be at least 20
or 25 years ahead, because it takes that much time
for new technologies to be developed and for
existing infrastructure that consumed energy and
emitted carbon dioxide to be replaced in an eco-
nomically rational way. Others argued that the goal
should be 10 years or less. The president chose the
shorter period on grounds of political reality. His
point was that the public and the institutions of gov-
ernment would simply lose interest in anything
beyond ten years out. 

His decision was rational in terms of human
behavior, but it seems to me that our scientific com-
munity—myself and others, all of us—has failed to
make a convincing case for something like the
Kyoto Protocol. Kyoto was never meant to be a
solution, but just the first steps toward a solution,
the first steps of a thousand-mile journey. So, our
community in a sense has failed to prove the under-
lying rationale for Kyoto or its equivalent. Adlai
Stevenson III said that we never see the hand-
writing on the wall until our back is up against it.
He recognized the need, unfortunately, to have a
perceived crisis as a motivator for action. 

Now, here are my two observations. I think we
now face a new rise of religious fundamentalism
around the world, including here in the United
States. To me, this trend is evidence of a negative
reaction to all the many stresses on ourselves, our
families, and our communities. It also demonstrates
the lack of a convincing story about where and how
we might change that situation—in other words, a
palatable vision and an acceptable set of first steps
to take toward achieving that vision. I think one of
those first steps is a new focus on global partner-
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ships, as well as individual initiatives that we can
take as world citizens. 

My final comment concerns the goals of the sci-
entific community. I think we have some real chal-
lenges now in formulating those goals. One goal
that we need to move toward is population stabi-
lization, taking into account the risks of moving too
rapidly toward the demographic transitions that will
slow growth and lead to the aging of populations,
which we’ve never really faced before. Another
important goal, I think, is recognition of the global
commons, which spans issues from climate change
to species loss. Species are now becoming endan-
gered or extinct at a geological rate that is terrifying.
A greater recognition of the global commons will
bring greater sensitivity to ecosystem health, greater
appreciation of the need for a transition away from
fossil fuels to hydrogen-based fuels for our energy
system, and a greater awareness of the conse-
quences of our actions.

Samuel Taylor Coleridge had a sense of the
global commons more than a century ago, when he
visited the polluted city of Cologne and wrote: 

The river Rhine, it is well known,

Doth wash your city of Cologne;

But tell me, Nymphs, what power divine

Shall henceforth wash the river Rhine?

We have a challenge in terms of adaptation. We are
already committed to changes that will force us to
adapt to a new global environment. We not only
need to slow things down to have a manageable
future, but also we’re going to have to adapt to a

changed future, a change induced by our present
and past actions. We need to think about our reac-
tions in terms of what the humanist and scientist
Rene DuBois once said: “Mankind has needs that
go well beyond creature comforts, food, and shelter.
He has needs for quiet and for empty spaces, for
places that can help him restore his own inner self,
and these are already in short supply.”

We need new measures of progress. We can’t
judge our progress simply by how much we con-
sume, which we already measure as our gross
national product. Maybe we need to find a way to
measure how much we don’t consume for a given
level of creature comfort. Closed-system thinking
has the potential to create enormous opportunities
in design, engineering, and resources, and it’s
beginning to take effect, especially in Western
Europe.

Finally, we have to be very much more con-
cerned about communications. Communications is
a fundamental responsibility of those of us who
have the privilege of knowing some arithmetic and
being able to make rational projections and condi-
tional scenarios about where we are headed. We
also need a new vision of our neighbors. The
present evidence says that our neighbor is anyone
else on this planet.

I want to thank Steve Nelson for organizing this
session, and I want to thank our panelists and our
responders for succinct and thoughtful presenta-
tions and discussions.


