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Entering the Century of the
Environment: A New Social
Contract for Science

idly in the face of a crisis. As the geologist
Marshal Kay was fond of saying, "What does
happen, can happen."
Despite the plethora of reports examining the future of the scientific enterprise (1,
2), I see the need for a different perspective

on how the sciences can and should advance and also return benefit to society.
This different perspective is firmly embedAs the magnitude of human impacts on the ecological systems of the planet
ded inbecomes
the knowledge of specific, identifiapparent, there is increased realization of the intimate connections between
these occurring in the natural and
able changes
systems and human health, the economy, social justice, and national security.
The around us. These changes are
social worlds
concept of what constitutes "the environment" is changing rapidly. Urgentsoand
vast,unprecso pervasive, and so important that
edented environmental and social changes challenge scientists to define athey
newrequire
social our immediate attention. Scicontract. This contract represents a commitment on the part of all scientists
toknowledge
devote is urgently needed to proentific
their energies and talents to the most pressing problems of the day, in proportion
tounderstanding
their
vide the
for individuals and
importance, in exchange for public funding. The new and unmet needs of society
include
institutions
to make informed policy and
more comprehensive information, understanding, and technologies for society
to move
management
decisions and to provide the
toward a more sustainable biosphere-one which is ecologically sound, economically
basis for new technologies.
feasible, and socially just. New fundamental research, faster and more effective
transThis paper
is organized around four key
mission of new and existing knowledge to policy- and decision-makers, and
better
questions:
How is our world changing?
communication of this knowledge to the public will all be required to meet this
challenge.
What
are the implications of these changes
for society? What is the role of science in
meeting the challenges created by the
changing world? and How should scientists
Scientists today are privileged to be able
to
vestment
that produced this wealth was respond
a
to these challenges? My goal in
indulge their passions for science and simulresult of strong bipartisan political support
communicating these thoughts is to stimutaneously to provide something useful
topopular enthusiasm for science that late a dialogue within the scientific comand
society. With these privileges, of course,
began during World War II and increasedmunity on these topics. I hope that the
comes serious responsibility. The closesubstantially
of a
in the 1960s. This support
result will be a thoughtful reexamination of
century and a millennium provides anwas
oc-predicated in part upon an (unwritour individual and collective priorities and
casion for reflection on the nature of these
ten) social contract between science and
actions.
responsibilities and an evaluation of the
society, specifically the expectation that a
The Board of Directors of AAAS has
extent to which we are fulfilling them.
substantial investment in research would initiated an electronic discussion of the reThe scientific enterprise has provided
result in winning the war (initially World lationship between science and society. A
phenomenal understanding of our bodies, War II and later the Cold War), winning
paper summarizing its deliberations along
our minds, our world, and our universe.
the space race, and conquering diseases
with comments from a number of scientists
The advances that have emerged from
(bacterial infections, polio, and cancer). are posted to invite an exchange of ideas on
space, defense, and medical research,
The scale of the U.S. investment in scithe questions posed above. On behalf of the
among many other areas-all of which
ence changed dramatically during this pe- Board, I invite your participation (3).
have depended on basic research across allriod. Investment in science in most other
disciplines-have been astounding. Space
developed nations is predicated upon a
Global Changes and Their Causes
exploration, for example, has given us not similar expectation of a return of knowlonly new understanding of the cosmos, edge and technology to society. The sci- How is our world changing? One major
and wonderful products and technologies, entific enterprise that has produced this way is that we now live on a humanbut also a new sense of our world and
wealth is widely admired and envied. The dominated planet. The growth of the huourselves: a sense captured forever by thatquestion I pose is whether the enterprise man population and the growth in amount
first photograph of the whole Earth takenthat has met these past challenges is pre- of resources used are altering Earth in
against the black background of space.
pared for the equally crucial and dauntingunprecedented ways. Through the activiScientific research is advancing explosive- challenges that lie in our immediate fu- ties of agriculture, fisheries, industry, recly on all fronts. The benefits include a
ture. The answer that I must give is "no." reation, and international commerce, hudizzying array of new knowledge, econom- I assert that the immediate and real chal- mans cause three general classes of
ic opportunities, and products-ranging
lenges facing us have not been fully appre-change. Human enterprises (i) transform
from laser surgery to genetic testing, from ciated nor properly acknowledged by the the land and sea-through land clearing,
global positioning systems to prediction of community of scientists whose responsibil- forestry, grazing, urbanization, mining,
El Nifno events, from the discovery of new ity it is, and will be, to meet them.
trawling, dredging, and so on; (ii) alter the
drugs derived from natural products to
Part of our collective responsibility to
major biogeochemical cycles- of carbon,
new information systems.
society must include a scientific communi- nitrogen, water, synthetic chemicals, and
In the United States, much of the in- ty-wide periodic reexamination of our goals so on; and (iii) add or remove species and
and alteration of our course, if appropriate. genetically distinct populations-via habitat alteration or loss, hunting, fishing,
The text is modified from her Presidential Address at the The fact that the scientific community has
Annual Meeting of the American Association of the Ad- responded to societal needs several times in
and introductions and invasions of species
vancement of Science, 15 February 1997. The author is
the past century-although generally in
(4-6).
in the Department of Zoology, Oregon State University,
wartime-provides encouragement that it is
The resulting changes are relatively
Corvallis, OR 97331-2914, USA. E-mail: lubchenj@bcc.
orst.edu
possible to mobilize and change course rap- well documented but not generally appre-
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The world is changing in myriad other
forth have immediate and long-term impliciated in their totality, magnitude, or implications. Vitousek and colleagues have
important ways as well. Inequity within
cations for humanity. The key is simply that
provided a succinct and dramatic summary
and among all nations has increased; new
human -well-being and prosperity depend
of the extent of human domination of
infectious diseases have emerged; there are
upon diverse, functioning ecological sysEarth in the following six conclusions (4):
dramatically more democratic governtems in ways we are only beginning to
(i) between one-third and one-half of the
ments; technology, communication, and
appreciate.
land surface has been transformed by huinformation systems have undergone revMost people are well aware that human action (7); (ii) the carbon dioxide
olutionary changes; markets have become
mans extract goods from nature: seafood,
concentration in the atmosphere has inglobal; the biotic and cultural worlds have
game animals, fodder, fuelwood, timber,
creased by nearly 30% since the beginning
been homogenized; the rate of transport of
pharmaceutical products, and genes, for
of the Industrial Revolution (8); (iii) more
people, goods, drugs, and organisms has
example. We buy, sell, and trade these
atmospheric nitrogen is fixed by humanity
increased around the globe; multinational
goods. Until recently, little attention has
than by all natural terrestrial sources comcorporations have emerged; and nongovbeen paid to another benefit provided by
natural ecological systems, the fundamenbined (9); (iv) more than half of all acernmental organizations have increased.
cessible surface fresh water is put to use by(22). Most of these changes have profound
tal life-support services without which human civilization would cease to thrive
humanity ('10); (v) about one-quarter of
implications for our future. Integration of
(24, 25). These "ecosystem services" inthe bird species on Earth have been driven
the human dimensions of these global
clude the purification of air and water;
to extinction (I 1); and (vi) approximately
changes with the physical-chemical-biotwo-thirds of major marine fisheries are
logical dimensions is clearly needed.
mitigation of floods and droughts; detoxification and decomposition of wastes; genfully exploited, overexploited, or depleted
The individual and collective changes
eration and renewal of soil and soil fertil(12).
described above are so different in magniThe rates and spatial scales of most of
tude, scale, and kind from past changes that ity; pollination of crops and natural vegeeven our best records and models offer little tation; control of the vast majority of pothese changes are increasing. In addition,
some of the changes are new. Novel chemguidance concerning the scale or even the
tential agricultural pests; dispersal of seeds
ical compounds-ranging from chlorofluocharacter of likely responses to these chaland translocation of nutrients; mainterocarbons to persistent organic compounds
nance of biodiversity, from which humanlenges. The future is quite likely to involve
ity has derived key elements of its agriculsuch as DDT and PCBs-are being syntheincreasing rates of change; greater variance
tural, medicinal, and industrial enterprise;
sized and released. Only a few of the thouin system parameters; greater uncertainty
protection from the sun's harmful UV
about responses of complex biological, ecosand or so new chemicals released each year
(13) are monitored; the biological effects of logical, social, and political systems; and
rays; partial stabilization of climate; modmost are unknown, especially synergistic
more surprises. The world at the close of the
eration of temperature extremes and the
interactions of different compounds (14),
20th century is a fundamentally differentforce of winds and waves; support of diverse human cultures; and provision of
world from the one in which the current
and interference with developmental and
aesthetic beauty and intellectual stimulahormonal systems (15).
scientific enterprise has developed. The
tion that lift the human spirit (24).
Many of these physical, chemical, and
challenges for society are formidable and
biological changes entrain further alterwill require substantial information, knowl- Although these services are essential to
human societies, their continued exisations to the functioning of the Earth
edge, wisdom, and energy from the scientiftence has been taken for granted. Never
ic community. Business as usual will not
system, most notably causing: (i) disrupbefore have human actions so threatened
suffice.
tions to the global climate (16), (ii) detheir provision. Because these services are
pletion of stratospheric ozone (17), (iii)
not traded in economic markets, society
irreversible losses of biological diversity
Changes for Ecosystem Services
has no feedback mechanisms to signal
(18, 19), and (iv) changes in the structure
and Humanity
and functioning of ecosystems around the
changes in their supply or in the deworld (6, 20).
terioration of underlying ecological sysMany of the environmental changes have
The conclusions from this overview are
serious consequences for humanity. Climat- tems that generate them. Various attempts
inescapable: during the last few decades,
ic disruption, increased ultraviolet (UV)-B have been made to calculate the worth of
global ecosystem services; all estimate the
humans have emerged as a new force of
radiation, or insufficient drinking water
value to be in the trillions of U.S. dollars
nature. We are modifying physical, chemprovide examples of undesirable outcomes.
ical, and biological systems in new ways, at Many of the most serious consequences are (24-27).
As land is transformed globally, as bioless obvious and mediated through the
faster rates, and over larger spatial scales
than ever recorded on Earth. Humans
functioning of ecological systems. Humansgeochemical cycles are modified on a grand
scale, and as genetic, population, species,
have unwittingly embarked upon a grand
and our social and economic systems are
and ecosystem diversity are lost, the funcexperiment with our planet. The outcome
intimately dependent upon the ecological
of this experiment is unknown, but has
systems now undergoing rapid changes (21, tioning of ecological systems is disrupted
and the continued provision of ecosystem
profound implications for all of life on
23).
Earth. An assessment from the Ecological
Ecological systems-from wetlands, for- services is threatened (4, 6, 20, 21, 24).
Society of America entitled the Sustainests, coral reefs, and tundra, to grasslands, Primary threats. to ecosystem services include habitat degradation or loss, changes
able Biosphere Initiative states that "enkelp beds, estuaries, and the open oceanvironmental problems resulting from huprovide a broad range of essential goods andin biodiversity, and synergistic interactions
between these factors and rapid climate
man activities have begun to threaten the
services to humanity. They are the lifechange, release of toxic substances, and
sustainability of Earth's life support syssupport systems for all of life on Earth.
tems.... Among the most critical chalEcological goods and services provide a key stratospheric ozone depletion.
A recent synthesis of information about
lenges facing humanity are the conservalink to understanding how changes in
tion, restoration and wise management of
ecosystem services from the Ecological Sobiodiversity, climate, land transformation,
ciety of America (28) concluded that:
the Earth's resources" (21 ).
stratospheric ozone, water, nitrogen, and so
492 SCIENCE * VOL. 279 * 23 JANUARY 1998 * www.sciencemag.org
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Based on available scientific evidence, we are
certain that:

are attributable to changing land-use practices (29, 31). For example, the construcEcosystem services are essential to civilization. tion of roads in Amazonia to access and
Ecosystem services operate on such a grand scale
transport timber, coupled with higher huand in such intricate and little-explored ways
man population densities, has increased
that most could not replaced by technology.
the incidence and spread of malaria (32).
Human activities are already impairing the flow Roads and the accompanying canals of
of ecosystem services on a large scale.
stagnant water provide prime conditions
If current trends continuLe, humanity will dra-for the numerical increase and spatial exmatically alter virtually all of Earth's remaining
pansion of populations of mosquito vecnatural ecosystems within a few decades.
tors for the malarial parasites.
In addition, based on cLrrent scientific evidence,
Global climatic change is predicted to
we are confident that:
have direct and indirect effects on human
Many of the hunian activities that modify or
health. Direct effects include increases in
destroy natural ecosystems may cause deterioraheat stress, decreases in cold-related mortaltion of ecological services whose value, in the
ity, and increases in air pollution-related
long term, dwarfs the short-term economic benpulmonary
and allergic complications. Indiefits society gains from those activities.
rect effects, some mediated through interConsidered globally, very large numbers of species and popLlations are required to sustain eco- actions with land-use practices, include
increases in the geographic distribution of
system services.
a variety of diseases including malaria,
The functioning of many ecosystems could be
dengue fever, yellow fever, and hantavirus
restored if appropriate actions were taken in
(16, 33).
time.
The full consequences to human health
We believe that land use and development
of large-scale alterations in biogeochemipolicies should strive to achieve a balance between sustaining vital ecosystem services and
cal cycles are not yet known. Over the last
pursuing the worthy short-term goals of ecocentury, human activities have more than
nomic developmnent.
doubled the amount of nitrogen fixed and

increases in nutrients. In one such case,
outbreaks of the ambush dinoflagellate
Pfiesteria piscicida in estuarine waters of the
middle and southern Atlantic shores of
the United States have resulted in the
death of billions of fish (36) and are suspected of causing human health problems
ranging from amnesia to kidney and liver
impairment. Nutrient pollution from upstream sources is the suspected trigger.
Prevention of further nutrient-triggered
disruption of terrestrial, freshwater, and
marine ecosystems and resulting health
consequences will be a formidable challenge in view of the expected global increases in population, sewage, livestock,
aquaculture, and use of fossil fuels.
The economy. The economy is more
interlinked with the environment than is
often appreciated (23, 37). The false assertion that society must choose between
the economy and the environment is often
made. In reality, this "jobs versus the environment" choice is a false dichotomy:
the real choice is between short-term gain
and long-term, sustained prosperity (23,
37, 38). The insurance industry has been a
leader in private sector concern about clitherefore entering the global terrestrial ni- matic change (39), in part because its
trogen cycle. Nonanthropogenic nitrogenbusiness demands a long-term perspective.
Redefining the Environment
fixation-accomplished by algae, bacteria,
The economic consequences of increases
Recognizing the significance of the global
in the frequency and severity of extreme
and lightning-totals approximately 140
Tg/year. Anthropogenic sources-the
weather events provide strong motivation
environmental changes summarized above,
E. 0. Wilson suggested that humanity is on
making of fertilizer, planting of legumes
to act to decrease the probability of likely
causes of these anomalies.
the verge of "Entering the Century of the
(over larger areas than would naturally
Environment." Based on emerging informaEconomic development and prosperity
occur), and burning of fossil fuels-now
hinge upon maintaining an adequate flow
contribute more than an additional 140
tion about ecosystem services and other
of essential services provided by natural
Tg/year. As Vitousek and colleagues state,
environmental issues, I wish to take his
ecosystems. Human-engineered sources of
phrase a step further and broaden the dia"Serious environmental consequences are
well-being foster the widespread misconalready apparent. In the atmosphere conlogue about what constitutes an "environmental issue." As we begin to appreciate the centrations of the greenhouse gas nitrous
ception that affluence is independent ofintimate fashion in which humans depend
oxide and of the nitrogen-precursors of
or possibly even hindered by-the preservation of natural ecosystems (40). Howevon the ecological systems of the planet, it is
smog and acid rain are increasing. Soils in
becoming increasingly obvious that numermany regions are being acidified and
er, as humans fill in wetlands, clear-cut
OUS issues that we have previously thought stripped of nutrients essential for continforests, degrade coral reefs, drive natural
of as independent of the environment are
populations and species to extinction, and
ued fertility. The waters of streams and
introduce alien species, we often disrupt the
intimately connected to it. Human health,
lakes in these regions are also being acidified, and excess nitrogen is being transthe economy, social justice, and national
functioning of the systems or lose the ecosecurity all have important environmental
system entirely. When we do so, we begin
ported by rivers into estuaries and coastal
waters. It is quite likely that this unaccusaspects whose magnitude is not generally
to incur unanticipated and occasionally
appreciated.
tomed nitrogen loading has already caused
staggering costs- having now to manufacture, grow, or otherwise provide what we
Human health. Human health is being
long-term declines in coastal fisheries and
increasingly recognized as having strong
accelerated losses of plant and animal dionce got for free.
environmental components. Obvious exA compelling example is provided by
versity in both aquatic and land-based
amples include the importance to human
Chichilnisky and Heal's analyses of opecosystems" (34).
Increased nutrients in coastal waters
tions for the provision of drinking water
health of good air quality, clean drinking
water, clean food, and minimal exposure
may also trigger population explosions of
for New York City (27). Historically, the
to toxic chemicals and UV-B radiation.
watershed of the Catskill Mountains procertain taxa of phytoplankton that convided the ecosystem service of water filtribute to human health problems. InLess apparent examples include the impact
tration and purification. Over time, this
creases in the frequency, spatial extent,
of land-use practices, climatic change, and
watershed system became overwhelmed by
and duration of harmful algal blooms are
population density on emergence and
reported from shores around the world
transmission of diseases (29-31). Recent
sewage and agricultural runoff to the point
changes in the epidemiology of Lyme disthat the water quality was impaired.
(35). Many (although not all) harmful
ease, hantavirus, malaria, trypanosomiasis,
algal blooms that involve toxic dinoflagelChichilnisky and Heal calculated and
compared the costs of purchasing and reschistosomiasis, cholera, and yellow fever
lates and diatoms are known to respond to
www.sciencemag.org * SCIENCE * VOL. 279 * 23 JANUARY 1998 493
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During his tenure as U.S. Secretary of
explain patterns in nature" (46). An emState, Warren Christopher initiated a new
phasis on investigator-initiated, peer-reviewed science is designed to help meet
perspective when he pledged to make environmental issues "part of the mainstream of
this expectation.
American foreign policy." In framing a
The second part of the contract reflects
bold, new perspective on national security,
the anticipation that the investment by
Christopher declared that "[t]he environsociety will lead not on'ly to improvements
of $300 million). This comparison proment has a profound impact on our national in our understanding of the world but also
vides an estimate of the replacement costs
interest in two ways. First, environmental
the achievement of goals that society has
for only a single service supplied by the
forces transcend borders and oceans to
deemed important-winning wars, conwatershed. Other services include flood
threaten directly the health, prosperity and
quering diseases, creating products, and
control, air purification, generation of ferjobs of American citizens. Second, addressimproving the economy. This second
ing natural resource issues is frequently crit- component often weighs heavily in decitile soil, and production of a range of
ical to achieving political and economic
goods from timber to mushrooms, as well
sions about the allocation of funds. As
President John F. Kennedy stated, "Scienas sites for recreation, inspiration, educastability and to pursuing our strategic goals
tists alone can establish the objectives of
around the world" (44). In 1997, U.S. Section, and scientific inquiry. Even acretary of State Madeline K. Albright issued
their research, but society, in extending
knowledging that not all ecosystem serthe State Department's first annual report
support to science, must take account of
vices can be replaced by a human-made
its own needs" (47). Hence, both the raon environmental diplomacy, stating that
substitute, this analysis helps put some of
"'environmental problems are often at the tionale for public investment in science as
the tradeoffs in perspective.
well as specific decisions about the allocaSocial justice. Social justice, too, has in-heart of the political and economic chaltimate environmental components (37,
lenges we face around the world.... We
tions of resources are tied to expected
41). The consequences of environmental
would not be doing our jobs as peacemakers
outcomes that are beneficial to society.
degradation are often borne disproportionand as democracy-builders, if we were not
The needs of society have changed over
the years. Vannevar Bush's 1945 landmark
also good stewards of the global environately by racially and economically disadreport to the President of the United
vantaged groups. Wealthier individuals or
ment" (45).
In summary, national security, social jus- States, Science-The Endless Frontier, emcountries can afford to buy bottled water,
move away from degraded and contaminatphasizes providing help in the medical,
tice, the economy, and human health are
ed sites, access information about alternaappropriately considered to be environmen- defense, and economic arenas. Bush's very
tive choices, inflkence the political process, tal issues because each is dependent to some first paragraph in his Summary of the
Report stated (1):
cope with environmental disasters, buy bet- degree on the structure, functioning, and
ter food, and purchase quality medical ser- resiliency of ecological systems. Linkages
Progress in the war against disease depends upon
vices and treatments.
among the social, political, economic, physa flow of new scientific knowledge. New prodFor example, intensive shrimp farming
ical, biological, chemical, and geological
ucts, new industries and more jobs require conin Southeast Asia, India, and parts of South systems present new challenges to scientists.
tinuous additions to knowledge of laws of nature,
and Central America often brings econom- What is the role of science in meeting these
and the application of that knowledge to practichallenges?
ic benefit to a few owners (large multinacal purposes. Similarly, our defense against agtional or national corporations) in the short
gression demands new knowledge so that we can
term but in the longer term destroys manThe Roles of Science
develop new and improved weapons. This essenstoring the watershed so that it could continue to provide the ecosystem services of
water purification and filtration ($1 billion) versus the costs of building and
maintaining a water purification and filtration plant ($6 billion to $8 billion in
capital costs, plus annual operating costs

grove forests needed by indigenous peoples
tial, new knowledge can be obtained only though
Science is the pursuit of knowledge about
to provide food, fiber, and ecosystem serbasic scientific research.
vices such as water purification, sediment
how the world works, a pursuit with an
trapping, and flood control.
established process for inquiry, logic, and
Forty-five years later, Erich Bloch, diNational security. National security is be- validation. Scientists engage in science berector of the National Science Foundation
ing viewed increasingly as an environmencause we are curious about why things are
(NSF) (established in response to Bush's
tal issue, with multiple, complex connecthe way they are, we relish the fun and
report), acknowledged the changing polittions among population growth, environchallenges of problem-solving, and we wish ical landscape and highlighted the ecomental quality, and security, including hu- to contribute something useful to current
nomic benefits of fundamental research
man migrations, war, disease, social disand future generations. Society supports sci-and the primacy of knowledge as a critical
ruption, political fragmentation, competience because doing so in the past has
resource (48):
tion for scarce resources, and ecoterrorism
brought benefits and doing so now is ex(42). Environmental degradation and scarpected to provide more. Traditional roles of The National Science Foundation was a product
of the Cold War and of a national policy decision
city of resources (water, fuelwood, fertile
science have been to discover, communiland, forests, fisheries) have been identified cate, apply knowledge, and to train the next that the contribution of research to national
strength was too valuable to be limited to the
as key contributors to economic disruption, generation of scientists.
years of armed conflict. In recent years, the
Society currently expects two outcomes
ethnic strife, civil war, migration, and inrationale for supporting science and engineering
surgency throughout the world, for example from its investment in science. The first is
research and education has been changing. As
in Bangladesh, India, Mexico, Gaza, Pakithe production of the best possible science
political conflict among the great powers diminregardless of area; the second is the prostan, Rwanda, Senegal-Mauritania, South
ishes, the major arena for world competition is
Africa, El Salvador, Honduras, Haiti, Peru, duction of something useful. The first goal increasingly becoming economic, and in this
reflects "the expectation that scientists
Philippines, the West Bank, and Somalia
new global economy, which runs on ideas and
(21, 43). So-called "fish wars" for scarce cod
will search ... for the truth about how
innovation, knowledge is the critical resource.

and salmon present ongoing challenges for
the state departments of the United States
and Canada.

nature works ... producing reproducible,
independently verifiable results, logically
consistent theories and experiments that

In more recent years, as funding for
science has gotten tighter and other needs
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for funds expanded, there has been an
over larger scales than ever before reple to space, medicine, and defense-are
even greater emphasis on the need for new
corded, and recognizing the urgent need
needed to focus more intensely on the
knowledge to generate new products and
for knowledge to understand and manchallenges we know lie ahead. These chalprocesses, for example, to fuel technologage the biosphere, I propose that the scilenges encompass many of the earlier ones,
ical advances, provide a competitive edge
entific community formulate a new Social
but expand them in new directions. The
in the global marketplace, or develop new
Contract for science. This contract would
setting of priorities about which science to
medical treatments (2, 49). In this sense,
more adequately address the problems of
fund cannot be done in a social vacuum.
public funding of science is often argued to the coming century than does our curThe needs of society for scientific knowlbe an investment that brings monetary
rent scientific enterprise. The Contract
edge should be an integral part of the
returns. A different application of scienshould be predicated upon the assumpdecision-making process.
tions that scientists will (i) address the
tific knowledge is emerging as equally imThe Contract should also be a strong
portant in today's world: knowledge to
most urgent needs of society, in proporcall for new research and management
inform policy and management decisions
tion to their importance; (ii) communiapproaches. For example, innovative mechcate their knowledge and understanding
anisms are needed to facilitate the in(49-51).
The latter focus on the role of science
widely in order to inform decisions of investigation of complex, interdisciplinary
in informing decisions is emerging as one
problems that span multiple spatial and
dividuals and institutions; and (iii) exertemporal scales; to encourage interagency
of the critical unmet needs of society at
cise good judgment, wisdom, and humility.
the end of the millennium (21, 49, 50). A
The Contract should recognize the extent
and international cooperation on societal
of human domination of the planet. It
better understanding of the likely conseproblems; and to construct more effective
quences of different policy options will
should express a commitment to harness
bridges between policy, management, and
allow more enlightened decisions. Many
the full power of the scientific enterprise
science, as well as between the public and
of the choices facing society are moral and
in discovering new knowledge, in commuprivate sectors. A number of recent reports
ethical ones, and scientific information
nicating existing and new understanding
have recommended ways to accomplish
can inform them. Science does not promany of these goals (50, 51). The Corson
to the public and to policy-makers, and in
vide the solutions, but it can help unhelping society move toward a more susCommittee of the National Research
tainable biosphere.
derstand the consequences of different
Council, for example, evaluated the
choices.
Science alone does not hold the power
U.S. environmental research establishment,
The plethora of biological, physical,
to achieve the goal of greater sustainabilfound it lacking in numerous ways, and
ity, but scientific knowledge and wisdom
recommended a number of steps to effect
chemical, social, and economic changes
are needed to help inform decisions that
cultural and organizational changes in the
summarized earlier point to the myriad ways
in which society's needs for scientific
environmental research enterprise (51).
will enable society to move toward that
There is a concomitant requirement to
end. A sustainable biosphere is one that is
knowledge are changing. A wide range of
train interdisciplinary scientists and to
ecologically sound, economically feasible,
studies focusing on environmental chalprovide the skills and savvy to work at the
and socially just. Scientific understanding
lenges all point to (i) the urgent need for
policy-science or management-science inimproved understanding, monitoring, and
can help frame the questions to be posed,
terface. Changes in university curricula
provide assessments about current condievaluation to protect, manage, and restore
and the reward system for professional scitions, evaluate the likely consequences of
the environment; (ii) more effective comentists within and outside universities
different policy or management options,
mLunication of existing knowledge to the
would greatly facilitate achieving these
provide knowledge about the world, and
public and policy arenas; (iii) the desirabilgoals.
ity of developing new technologies (manudevelop new technologies. The Contract
The new Contract should extend well
facturing and waste reduction, for example) would reflect the commitment of individto minimize the ecological footprints of hu- uals and groups of scientists to focus their beyond research and training activities.
man activities; and (iv) better guidance
own efforts to be maximally helpful. Each Some of the most pressing needs include
individual, each panel, each agency, each
about decision-making in the face of uncercommunicating the certainties and uncertainties and seriousness of different envitainty (50, 51).
congressional committee, each nation
makes choices; these choices should reIn summary, the roles of science-to
ronmental or social problems, providing
discover, communicate, and use knowlalternatives to address them, and educatflect a greater focus on the most critical
issues of our day.
ing citizens about the issues. In parallel to
edge and train the next generation of sciFundamental research is more relevant
initiating new research, strong efforts
entists-have not changed, but the needs
should be launched to better communicate
and needed than ever before. The Contract
of society have been altered dramatically.
The current and growing extent of human
scientific information already in hand. All
is absolutely not a call to abandon flindamental research; on the contrary, it should too many of our current environmental
dominance of the planet will require new
policies and much of the street lore about
kinds of knowledge and applications from be a call to invest in fundamental research
the environment are based on the science
in a broad spectrum of areas where new
science-knowledge to reduce the rate at
which we alter the Earth systems, knowlknowledge is urgently needed. Just as the of the 1950s, 1960s, and 1970s, not the
Manhattan Project involved a major invest-science of the 1990s. Most of our efforts to
edge to understand Earth's ecosystems and
how they interact with the numerous com- ment in fundamental research, adequately address economic and social problems are
addressing broadly defined environmental as yet mostly devoid of ecological knowlponents of human-caused global change,

and knowledge to manage the planet (4).

A New Social Contract for
Science?
Recognizing that the world is changing in
new and different ways, at faster rates and

and social needs will require substantial ba-edge. Clearly, the interfaces between the
environment, human health, the econosic research (50, 51 ).
Because the environment is so broad a
my, social justice, and national security
are ripe for developing and entraining into
topic, research across all disciplines is
needed to provide the requisite knowledgethe policy arena. In view of the overarchbase. Efforts similar to those devoted to

ing importance of environmental issues for

past societal wants and needs-for exam-

the future of the human race, all graduates
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from institutions of higher learning should
be environmentally literate.
Powerful tools in communicating
knowledge to inform policy and management decisions are scientific assessments
from credible groups of scientists. Assessments such as the Intergovernmental Pan-

el on Climate Change (16), the Ozone
Assessment, and the Global Biodiversity
Assessment (19) have provided excellent

The secret to happiness is short-term, stupid selfinterest!"

The whole system of science, society,
and nature is evolving in fundamental ways

formed by Human Action, B. L. Turner II et al., Eds.

Calvin (hands over his eyes): "I don't want to
know about it."

8. D. S. Schimel et a/., in Climate Change 1994: Radi-

They fly off the cliff:

"Waaaugghhh!"
After crash landing,

Hobbes: "I'm not sure I can stand so much bliss."
Calvin: "Careful! We don't want to learn anything from this."
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