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Science, Sustainability, and the Human Prospect

hen we set out the theme for the
W2002 American Association for

the Advancement of Science
(AAAS) Meeting, “Science in a Connected
World,” we thought of the ways in which
the fates of nations were intertwined as
never before and of the role of science in
shaping communication. I was mindful of
the enormous challenges that faced a world
that had grown so rapidly in population, in-
dividual consumption levels, and changing
technologies. In the months that followed,
the shock delivered by the September
11th events brought
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became the homes of poets, philosophers,
lawyers, builders, religious leaders, and tool
makers. We continue to depend on a series of
ancient, genetically and socially determined
habits and attitudes, many of which seem to
have been more suitable for our hunter-gath-
erer ancestors. We must adopt new ways of
thinking that will serve our descendants well
in a world that is crowded beyond imagining,
a world in which we shall always be the ma-
jor ecological force; unless, of course, we de-
stroy ourselves.

During the 1790s, the global population

now douse our agricultural lands at the rate
of 3 million metric tons per year, worldwide.
We are fixing nitrogen with an output that
exceeds natural processes. Cultivated lands
have grown to comprise an area about the
size of South America. Rangelands occupy-
ing about a fifth of the world’s land surface
support 3.3 billion cattle, sheep, and goats.
Two-thirds of the world’s fisheries are being
harvested beyond sustainability.
Over the past half century, we have lost
a fifth of the world’s topsoil, a fifth of its
agricultural land, and a third of its forests.
Grain production has fallen short of

home with unimag-
ined force the ways in
which our collective
neglect of these rela-
tionships had helped
to bring about the
dangerous and unsta-
ble state of the world
in which we find our-
selves. The problems
we face seem cruelly
compounded, but their
root causes remain
unchanged.

The challenges that
we face are enormous
and deeply rooted in
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consumption for two consecutive
years, reducing the surplus to the
lowest level in two decades (7). We
have changed the composition of the
atmosphere profoundly, driving
global temperatures upward and de-
pleting stratospheric ozone. Habitats
throughout the world have been dec-
imated by intentionally and acciden-
tally introduced plants and animals.
Most troublesome is the irre-
versible loss of biodiversity. For the
past 65 million years, the rate of
species extinction has remained at
about one species per million per
year. It has now risen by approxi-
mately three orders of magnitude, to

relationships neglect-
ed for far too long. We must find
new ways to provide for a human so-
ciety that presently has outstripped
the limits of global sustainability.
New ways of thinking—an integrated
multidimensional approach to the
problems of global sustainability—
have long been needed, and it is now
up to us to decide whether the espe-
cially difficult challenges that we are
facing today will jolt us into finding
and accepting them.

The State of the World

Over 400 generations (10,000 years),

our human population has grown

from several million people to ap-
proximately 6.1 billion. During this time, vil-
lages, towns, cities, and nations formed and
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amounted to about 800 million people. De-
spite the Reverend Thomas Malthus’ dire
prediction that population growth would
outstrip food production, we did limit the
extent of starvation during the 19th and 20th
centuries, in large part because of the steam
engine and its successors. We manufactured
increasingly toxic pesticides with which we

perhaps 1000 species
per million per year
(perhaps 0.1% of all
species per year), and it
continues to rise as
habitats throughout the
world are destroyed.
Species-area relation-
ships, taken worldwide
in relation to habitat
destruction, lead to
projections of the loss
of fully two-thirds of
all species on Earth by
the end of this century
(2). And these projec-
tions do not include the
inevitably negative ef-
fects of climate change, widespread pollu-
tion, and the destruction caused by alien
species worldwide, among other factors. In
addition, the ecosystem services on which
all life on Earth, including our own, depends
are being disrupted locally and regionally in
such a way as to deprive future generations
of many of the benefits that we enjoy now
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Considering the ways in which plants and
animals enrich our lives, it is incredible that
we continue to destroy them so carelessly
(4). The actions that we carry out over the
next few decades will decide the fate of mil-
lions of species of plants, animals, fungi, and
microorganisms, the greater number of them
completely unknown at present and likely to
have remained so at the time of their perma-
nent disappearance from our planet.

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

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

The most recent example is the work of
Danish economist Bjern Lomborg, who
reprises many of the earlier misleading, if
not outright delusional, conclusions offered
earlier by Julian Simon and Gregg Easter-
brook (7), among others. Lomborg’s book,
The Skeptical Environmentalist: Measuring
the Real State of the World (8) has, remark-
ably, been published by the generally re-
spected Cambridge University Press, but ev-
idently without critical review. Although he
appropriately questions some of the hyper-
bolic statements that environmentalists have
made over the years, Lomborg largely ig-
nores the peer-reviewed literature and fre-
quently misrepresents the views of many of
the scientists who have analyzed these areas.
He blithely attacks a series of straw men that
he resurrects from the past literature or sim-
ply constructs, and then repeatedly exposes
his ignorance of facts and critical analyses.

Lomborg’s popular success demonstrates
the vulnerability of the deliberative and hy-
pothesis-driven scientific process to misrep-
resentation and distortion. It is difficult to
understand why a respected journal like The
Economist would rush to his defense. Al-
though there have been multiple excesses on
both sides of this debate, at its root it is a
matter of science and factual analysis, and

that is the point that seems to have been lost
in all the controversy that followed the
book’s publication. All of the world’s envi-
ronmental scientists cannot reasonably be
classified as “dedicated greens” and their
views dismissed.

The consequences of our environmental
problems are severe. About a quarter of
humanity survives on less than $1 per
day. Depending on the criteria used,
one-eighth to one-half of the world’s
people are malnourished. Some 14 mil-
lion babies and young children under
the age of four starve to death each
year. In the world’s poorest societies,
women and children are uneducated
and spend their time foraging for fire-
wood or water. Such relationships are
inevitable in a world in which 20% of
us control 80% of the resources, and
80% of us have to make do with the
rest.

Among the nations of the world,
the role of the United States has be-
come particularly dominant. Although
we contain just 4.5% of the world’s
people, we control 25% of the world’s
wealth and produce 25 to 30% of its
pollution. We are dependent on the
stability and productivity of nations all
over the world to maintain our level of
affluence. It is remarkable, therefore,
that the richest nation is the lowest per
capita donor of international develop-
ment assistance of any industrialized
country. Only in public health do we
support even the rudiments of an ade-
quate global system.

Since publication of the report of
the World Commission on Environ-
ment and Development (9), we have
become accustomed to thinking of the
world as a place in which everyone
could eventually become rich. This
may be so, but it cannot happen using
the technologies we possess now and build-
ing to industrialized-world levels of con-
sumption. Many years ago, when asked
whether then—nearly independent India
would follow the British pattern of develop-
ment, Gandhi replied “It took Britain half
the resources of the planet to achieve this
prosperity. How many planets will a coun-
try like India require?” More recently,
Wackernagel and Rees (/0) have estimated
that it would take two additional planets to
support the world at the living standard of
the industrialized countries, three if the
population doubled, and 12 if standards of
living doubled.

The Central Role of Science and
Technology
It is generally accepted that advances in sci-

ence and technology power the world’s econ-
omy and economic progress. In America,
leading economists and government policy-
makers uniformly agree that the nation’s ex-
traordinary capabilities in science, technolo-
gy, and health are among its strongest assets.
U.S. investment in basic scientific, engineer-

ing, and medical research produces a rate of
return of between 20 to 50% per year.

What are the specific contributions that
science and engineering can make to the de-
velopment of a sustainable society? Con-
temporary efforts to build the science of sus-
tainability as an accessible, integrating disci-
pline are well summarized in the National
Research Council study Our Common Jour-
ney. A Transition Toward Sustainability (11).
Noting that many trends and conditions un-
dermine efforts to achieve sustainability, the
report concludes that an overall transition
could be attained in the next two generations
without the development of miraculous
technologies or drastic transformations of
human societies. The report stressed, howev-
er, that significant advances in basic knowl-
edge, in the social capacity and technologi-
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