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INTRODUCTION

“Men and women have at their disposal an array of resources for gen-
erating greater knowledge of truth so that their lives may be even more
human” (Fides et Ratio, ‘Know Yourself’, § 5}. In this spirit the Pontifical
Academy of Sciences organized a study-week on the subject of science for
survival and sustainable development from 12-16 March of this vear In
addressing itself to how to use the many resources of modern knowledge,
the Academy paid especial attention to those rooted in non-linear dynamics
— the science of chaos and self-organization. This branch of learning now
finds itself on the very frontiers of basic research. It is a discipline which
studies chaotic systems of interacting elements (entities) which overcome
their own complexity and organize themselves into strange, counter-intu-
itive but clearly recognizable behaviour patterns, much like those to be
found in the fascinating configurations made by a watesfall or a log fire.
These patterns sometimes culminate in abrupt overall changes which may
be termed “critical phenomena”,

The science of chaos and self-organization originated about a hundred
years ago. Like other forms of basic research, it was driven forward in the
first instance by the human thirst for pute knowledge. However, sharing the
common destiny of basic research, this branch of science eventually
acquired a paramount practical importance. This is because a critical phe-
nomenon in some chaotic systems may mean furia degli elementi and indus-
trial and socio-economic disasters.

Without always being aware of the fact, it can be said that we are sus-
rounded by chaotic systems: the earth’s crust with its millions of billions of
billions of grains of rock which self-organize {rom time to time into a dev-
astating earthquake; a megalopolis on its way to self-destruction; a socio-
economic system prone to an outburst of mass violence ot economic col-
lapse, etc. Our world becomes more and more vulnerable to such disasters
which are always on the horizon and still take us by surprise. They may take
place at any moment, even while you are reading this introduction: causing
up to a million casualties, rendering a large part of our world uninhabitable,
triggering global economic depression, or sparking off a war in a “hot”
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region, As threats to the survival of our civilization, such disasters are com-
monly placed on the same level as nuclear war.

Of equal importance is the question of the sustainability of our world
over the next decades. Our planet is threatened by a multitude of interact-
ing processes — the depletion of natural resources; climatic changes; popu-
lation growth {(from 2.5 billion people to over 6 billion over the last 50
years); a rapidly growing disparity in the quality of life; the destabilization
of the ecological economy; and the disruption of social order. In addition,
each country has become vulnerable to the developments which take place
in other parts of the global village, which are, of course, outside its own
individual control.

Human society is increasingly recognizing these threats. Throughout
the world huge resources, indeed hundreds of billions of U.S. dollars, are
being spent annually to counteract them. While these efforts are to be
praised because they prevent a part of the potential damage, it is nonethe-
less the case that on the whole these initiatives have reached a kind of stale-
mate — the destabilising factors now prevail and the scale of possible catas-
trophes is increasing rapidly.

The study-week focused on the question: how can we use our knowl-
edge of chaos and self-organization to understand, predict and control such
developments? To this end, the Academy brought together experts from
the fields of mathematics and theoretical physics who study the general
properties of chaotic systems, in addition to experts on a wide range of spe-
cific kinds of crises and disasters. The synergy of these fields of expertise
has been highly successful in the past and the study-week explored further
applications of such a joint-approach. Discussion took place on the moral,
ethical and spiritual dimensions of proposed scientific initiatives and their
implementation at the level of public policy. Altogether thirty-five world
famous experts were brought together, representing the natural sciences,
the social sciences, epistemology, and public policy. They came from the
countries of the West and the East, and from the North and the South of
the globe. Probably never before had such a variety of expertise been
brought together for the purposes of a professional brainstorming discus-
sion. which was unconstrained by formal limitations. It focused on what can
be done rather than simply drawing attention to the growing threats with
which we are now faced.

In examining the problems of sustainability over the next decades, the
study-week discussed such subjects as the shortfalls in global food supply;
the deterioration of bio-diversity; the possible lack of response of the global
village to the inevitable changes in the environment; the inefficient use of
water resources; climatic changes; the economic burden of nuclear arma-
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ment; and the threats and opportunities generated by the globalisation of
the economy,

The study-week discussed a range of “instant” critical phenomena and
addressed itself in particular to geological and geotechnical disasters and to
the globally co-ordinated prediction of major earthquakes; socio-economic
collapse in urban areas; political and economic crises, and their prediction;
the outbreak of nuclear war; the use of clectromagnetic terrorism and its
threat to modern systems of communication and control; the self-organiza-
tion of clusters of neurons and how this may help us to construct a rather
general new approach to the control of critical phenomena; and the dan-
gerous deficiencies in decision-making caused by greed and ignorance. In
the search for a potential contribution by non-linear science to these prob-
lems, the meeting discussed scenarios of transition to a critical phenome-
non. Such scenarios emerge when a chaotic process is examined at a not
too detailed level (in the way that an oil painting cannot be understood
through a microscope). They happen to be partly ‘universal’ and this is
something which is shared by somewhat differing processes. The mathe-
matical modelling of such scenarios opens up the possibility of predicting
critical phenomena and may even supply the key to how to control them.

The work in this field requires high level professionals and the question
of the education and training of experts is thus of crucial importance. For
this reason the meeting discussed the very successful achievements in such
training which has been obtained by the Abdus Salam International Centre
for Theoretical Physics in Trieste.

On the positive side, the study-week may be seen as an attempt to
reduce the Babel fragmentation which has taken place in the study of critj-
cal phenomena, more commonly known as disasters, catastrophes and
crises. It outlined the common features of different critical phenomena and
discussed commentary on each of them. It was also observed that in some
cases it is possible to identify the future possible scale of a catastrophe as it
approaches. In the case of many critical phenomena the work of the study-
week amounted to a continuation of existing debate because a great deal of
synergy in this field already exists. However, the meeting also identified the
areas where the resources offered by non-linear dynamics have not as yet
been exploited and stressed that certain groups of experts and scholars
have not yet entered into dialogue. This may include the study of scenarios
of transition to unsustainability and of specific ways of responding to it.
Such a study may help to overcome a lack of interest in this question, some-
thing which was criticised by several speakers.

The step from many kinds of actual experience to a physical model is
not easy, and the transition from a metaphor to an algorithm is always very



16 PONTIFICIAE ACADEMIAL SCIENTIARVM SCRIPTA VARIA - 98

difficult. The synergy between observations on specific disasters and their
general theory is neither a panacea nor an easy task. And the transition
from a physical model which describes actual phenomena to knowledge
which in a certain way is able to foresee or even predict them is even more
difficult, and this is especially the case when one is dealing with human
matters. Still, these new co-ordinated approaches provide hope that we may
find as yet unexplored possibilities by which to overcome the present stale-
mate which exists in relation to how to face up to the many threats to our
civilisation. This synergy probably reflects the paradigm formulated in Fides
et Ratio: “human reason a capacity which seems almost to surpass its natu-
ral limitations. Not only is it not restricted to sensory knowledge, from the
moment that it can reflect critically upon the data of the senses, but, by dis-
coursing on the data provided by the senses, reason can reach the cause
which lies at the origin of all perceptible reality” (§ 22).

In this way the human being becomes the vicar of God on earth within
the advance of the creation in relation to the beings of nature from which
he derives — and always with new methods — the means for survival and the
achievement of growth and development, and this even in situations which
are critical or apparently no longer sustainable. The immense range of the
celestial bodies which pierce the firmaments — the sun, the moon, the stars,
the galaxies, the comets — and the universal cosmic forces to be found on
the earth, all have their laws which man must not change but which he
must try to explore with his mind and employ for the purposes of his own
survival and the attainment of growth and development. Therefore we
should engage neither in the Casandra-like announcement of future catas-
trophes nor in an irresponsible optimism. Today, in the face of the global
complexity of our contemporary context, the human being, more than ever
before, is called upon to find that right kind of rationality (orthos logos)
which will achieve survival and sustainability through the application of
new and well deployed practical criteria. For this reason, however limited
the action of man within the cosmos may actually be, he is nonetheless a
real participant in the power of God and must be able to build his own
world, or rather an environment suited to his person integrated into his
own space and his own special time.

V.I. KuiLis-Borox
M. SANCHEZ SORONDO



THE PROGRAMME

This study-week will address the question: “What can basic science
contribute to the survival and sustainable development of the world?” We
will focus on the specific theme: possible applications of modern non-linear
dynamics to the prediction and control of critical phenomena (“catastro-
phes”) in nature and society. To this end, we will bring together experts in
non-linear dynamics (mathematicians and theoretical physicists) and experts
on the specific eritical phenomena which are commonly recognized as seri-
ous threats to our world, We will also discuss the crucial problem of imple-
menting scientific initiatives in public policy, and the moral, ethical, and
spiritual dimensions of such initiatives.

Accordingly, the programme will consist of the following parts:

— Problems of sustainability: response to threats of the time scale of decades.
Responsible: Prof, P. Raven.

~ Problems of mankind’s survival: response to the threat of catastrophes,
which may bappen at any moment.
Responsible: Prof. G. Puppi, Prof. V. Keilis-Borok.

— Scenarios of transition to critical phenomena.
Responsible: Prof. N. Cabibbo, Prof. L. Pietronero.

e Science and public policy.
Responsible: Prof. G. Puppi, Prof. V. Keilis-Borok, Prof. P. Raven.

Premise

The problem. The world is facing major threats caused by the expan-
sion of human activities, among them the detertoration of the environment,
the depletion of natural resources, and the destabilization of economies and
social order. The long-term threats (in the scale of decades) to the sustain-
ability of our planet, like global warming, are accompanied by the immedi-
ate dangers of natural and man-made disasters; our vulnerability to them is
greatly magnified with each passing year, and this undermines our ability to
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maintain a sustainable and productive world into the twenty-first century
and beyond.

Human society has increasingly recognized such threats. Throughout
the world, huge resources, hundreds of billions of U.S. dollats, are being
spent annually to counteract them. While these efforts are commendable
because they prevent part of the potential damage, on the whole they have
reached a kind of stalemate: the destdblhfmg factors prevail, and the scale
of possible catastrophes is rapidly growing.

Both history and common sense tell us that basic research is pivotal to
breaking such a stalemate. Indeed, since ancient times, basic science has
repeatedly rescued humanity, providing “new solutions to old problems”.
The present study-week will engage in the search for such new possibilities,
focusing on the major responsibility of today’s scientific community.

At the same time, we recognize that scientific initiatives can be useful
only if they can be implemented as a public policy and are acceptable to
society from moral, ethical and spiritual points of view. These issues are also
included in the programme.

How will this study-week differ from the escalating multitude of scien-
tific meetings, from technical discussions to global forums, that are already
dedicated to these problems? The distinctive features of this study-week
will be:

— brainstorming discussion without any formal limitations;

— a small number and a bigh level of participants,

-— a focus on cutting-edge basic research;

— a focus on what can be done, rather than simply alerting the audience

to growing threats.

In combination these features are unique, so that this study-weel will
not duplicate other meetings devoted to similar subjects, but will comple-
ment them,

Why the Pontifical Academy of Sciences? Since hardly anybody else has
the capacity to set up such an unusual meeting, with a potential for affecting
the global agenda, we believe that the Academy has a responsibility to do so.

THE THEME

As the specific theme for this study-week, we propose to focus on the
applications of modern non-linear dynamics to the prediction and control
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of critical phenomena. In order to develop that theme, we will bring

together:

— experts in general studies of critical phenomena which employ methods
developed mainly in mathematics and theoretical physics;

and

— experts on specific critical phenomena (“catastrophes” or “crises”) that
are encountered in nature and society.

The synergy that has been developed between these ficlds of expertise
has been highly successful in addressing critical phenomena of various
kinds. The present study-week will explore new untapped possibilities by
which to apply this approach to the areas covered by the programme.

The study-week will also discuss the closely related issue of how to
implement scientific initiatives at the individual level, and at the level of
society as a whole, Implementation would require (i) an appropriate public
policy and (i) consideration of the moral, ethical, and spiritual problems
involved in the implementation of initiatives based solely on scientific con-
siderations,

V1. Kews-Borok






LIST OF PARTICIPANTS

Prof. WerNER ARBER (Pontifical Academician): University of Basel,
Department of Microbiology, Biozentrum - Klingelbergstrasse 70, CH-4056
BaseL (Switzerland).

Dr. Warrace S. BROECKER: Columbia University, Lamont-Doherty Earth
Observatory - 61 Route 9W/P.0O. Box 1000 - 14 Geochemistry, Palisades,
N.Y. 10964-1000 (U.S.A.).

Prof. Luis A. CAFFARELLI (Pontifical Academician}; The University of
Texas at Austin, Department of Mathematics RLM 8.100 - Austin, TX
78712-1092 (1J.8.A.).

Prof. NicoLa CABIBBO (President of the Pontifical Academy of Sciences):
Universita degli Studi di Roma “La Sapienza”, Istituto di Fisica - Ple A,
Moro 5, I-00187 Roma (Ttaly).

Prof. Bernarno M. COLOMBO (Pontificial Academician): Universita degli
Studi di Padova, Dipartimento di Scienze Statistiche - Via S, Francesco 33,
1.35121 Papova (Italy).

Prof. Pagrteia S. DASGUPTA (Pontifical Academician): University of Cam-
bridge, Faculty of lconomics and Politics - Sidgwick Avenue, Austin
Robinson Building, Camsringe CB3 9DD (United Kingdom).

Prof, Jerr DOZIER (NASA rapresentative): University of California, Santa
Barbara, Donald Bren School of Environmental Science and Management -
SANTA Barpara, CA 93106 (U.S.AL).

His Excellency Msgr. Acostino FERRARI-TONIOLO: Former Permament
Observer of the Holy See to the Food and Agriculture Organization of the
United Nations {EA.O.) - Rome, and Pontificia Universitd Lateranense, Isti-
tuto “Itrusque luris”, Diritto del Lavoro Comparato e Internazionale e del-
I'Organizzazione Internazionale - Via G. Palombini 12, 1-00165 Roma (Italy).



22 PONTIFICIAL ACADEMIAL SCIENTIARVM SCRIFTA VARIA - 98

Prof. Viapmvir E. FORTOV: Russian Academy of Sciences - 32a, Leninski
prospect, room 315, Moscow 117993 (Russia},

Dr. Urigr. FRISCH: Observatoire de la Cote d’Azur, Dep. G.D. Cassini -
BP 4229, F-06304 Nicr Cedex 4 {France),

Prof. MrcuarL GHIL: University of California, Los Angeles, Department of
Atmospheric Sciences, Institute for Geophysics and Planetary Physics - 405
Hilgard Avenue, Los ANGELES, CA 90095-1567 {(U.S.A.).

Dr. Perer H. GLEICK: Pacific Institute for Studies in Development, Envi-
ronment, and Security - 654 13th Street, Suite 104, Oakranp, CA 94612
(US.A)).

Prof. Jost Lurs GOTOR: Universita degli Studi di Roma “Tor Vergata” -
Via Orazio Raimondo 18, I-00173 Roma {Italy).

Prof. Ravymonn HIDE (Pontifical Academician): Jesus College - Trul Street,
Oxrorp OX1 3DW (United Kingdom).

Dr. Cavestous JUMA: Harvard University, Kennedy School of Government,
Center for International Development & Belfer Center of Science and
International Affairs - 79 John I Kennedy Street, Camsripct, MA 02138
(US.A).

Prof. VLabiMir 1. KEILIS-BOROK (Pontifical Academician): International
Institute of Earthquake, Prediction Theory and Mathematical Geophysics -
Warshavskoye sh, 79, Kor 2, RU-113556 Moscow (Russia),

Prof. Jorr L. LEBOWITZ: Rutgers, the State University of New Jersey,
Center for Mathematical Sciences Research - 110 Frelinghuysen Road,
Prscaraway, N.J. 08854-8019 (U.S.A.).

His Excellency Msgr. James T. McHUGH, Coadjutor: Diocese of Rockville
Center - 50 North Park Avenue, RockviLLE CenTER, N.Y. 11570-4184 (U.S.A.).

Prof. Benorr B. MANDELBROT: Yale University, Department of Mathemat-
ics - 10 Hill House - POB 208283, New Haven, CT 06520-8283 (U.S.AL).

Sir RosErRT M. MAY: Office of Science and Technology - Albany House 94-
98, Petty France, Lonpon SWI1H 98T (United Kingdom}.



SCIENCE FOR SURVIVAL AND SUSTAINABLE DEVELOPMENT 23

Dr. Rajur. PANDYA-LORCH: International Food Policy Research Institute
(IFPRI), 2020 Vision for Food, Agriculture, and the Environment - 2033 K
Street, N.W., Wastmgron, D.C, 20006-1002 (U.S.A.).

Prof. WoLrcans K.H. PANOFSKY: Stanford University, Stanford Linear
Accelerator Center - P.O. Box 4349, Stanrorn, CA 94309 (U.S.A.).

Prof. M. Frsasers PATE-CORNELL: Stanford University, Industrial Engi-
neering & Engincering Management (IEEM) - Terman Bldg., Stanrorn, CA
94305 (U.S.A)).

Prof. CropowsLno PAVAN (Pontifical Academician): Rua Alvares Flo-
rence, 298 (Butantan), 05502-060 Sao PauLo, SP (Brazil).

Prof. Luciano PIETRONERO: Universita degli Studi di Roma “La Sapien-
za”, Dipartimento di Fisica - Piazzale Aldo Moro 5, 1-00187 Roma (Italy).

Msgr. TurLio POLI: Segreteria di Stato, V-00120 Varican Crry.

Prof. Avsrrro QUADRIO CURZIO: Universita Cattolica del Sacro Cuore,
Facolta di Scienze Politiche - Largo A. Gemelli 1, 1-20123 Mmano (Italy).

Prof. MiksaiL I. RABINOVICH: University of California, San Diego, Insti-
tute for Nonlinear Science - 9500 Gilmar Drive, La JoLra, CA 92093-0402
(U.S.A).

Dr. PETER H. RAVEN (Pontifical Academician): Missouti Botanical Garden
- PO, Box 299, St. Louis, MO 63166-0299 (U.S.A.).

Dr. Anprew W, REYNOLDS: U.S. Embassy - Via Vittorio Veneto 119/A,
1-00187 Roma {Italy).

Prof. Anprea RINALDO: Massachusetts Institute of Technology, Depart-
ment of Civil and Environmental Engineering - Ralph M. Parson Labora-
tory, Room 48-209, CAMBRIDGE, MA 02139 (U.S.A.).

and

Universita degli Studi di Padova, Dipartimento di Ingegneria Idraulica,
Marittima e Geotecnica - Via Loredan 20, I-35131 Panova (Italy).

Prof. Giorsio SALVINI: Accademia Nazionale dei Lincei - Via della Lun-
gara 10, [-00165 Roma (Italy).



24 PONTIFICIAE ACADEMIAL SCIENTIARVM SCRIPTA VARIA - 98

Msgr. Prof. MarceLo SANCHEZ SORONDO: Chancellor of the Pontifical
Academy of Sciences, V-00120 Vatican City, and Professor of the History of
Philosophy at LUMSA University, Via della Traspontina 21, 1-00193 Roma
(Italy).

Dr. Yukio SATO: National Institute of Science and Technology Policy -
1-11-39, Nagata-cho, Chiyoda-ku, Tokyo 100-0014 {Japan).

Prof. Gasron G.S. SCHABER: Centre d'Etudes de Populations, de Pauvreté
et de Politiques Socio-Economiques - B.P. 48, 44 rue Emile Mark, L-4501
DirrERDANGE (Luxembourg).

Prof. MicueL A. VIRASORO: The Abdus Salam Centre for Theoretical
Physics - Miramare - P.O. Box 586, 1-34014 Twriestr (Italy),



ADDRESS OF THE PRESIDENT
OF THE PONTIFICAL ACADEMY OF SCIENCES
TO THE HOLY FATHER *

Holy Father,

Let me first of all express our deep-felt gratitude for being received in
your presence on the occasion of the study-week of the Pontifical Academy
of Sciences. On the occasion of the Plenary Session, last October, you
expressed the importance of a continuing dialogue between the world of
sciences and the world of philosophy and theology. This dialogue and col-
laboration is essential in order to face some of the more pressing needs of
humanity, With the rapid transformation and growth of human society new
problems arise, since this growth must necessatily happen on a planet
which has large but finite resources. The question arises of the sustainabil-
ity of the human use of the planet’s resources.

Scientists feel a particular responsibility when analysing these problems
and searching for possible solutions, since many of these problems arise as
a consequence of the marvellous progress of the medical and physical sci-
ences during the last century.

Science alone is, however, not enough. It is essential that human soci-
ety in its entirety rise to an understanding of the new responsibilities which
derive from its very growth and material progress. It is therefore for all of
us of great comfort that on many occasions you have clearly spoken of the
need for renewed respect for natural resources and of the need to seck a
renewed harmony between humanity and our planet.

The present meeting on “Science for Survival and Sustainable Develop-
ment” concludes a series of three study-weeks organized by the Pontifical
Academy in order to study the interaction between man and his environment.

In the first of these, held last November, we reviewed the interactions
between life and the planet, an equilibrium which is under stress as a con-

¥ The following address was delivered by the President of the Academy, Prof. Nicola
Cabibbo, at the Papal Audience on 12 March 1999,
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sequence of human activities which give rise to entirely new effects such as
the ozone hole in the arctic regions or the rapid increase in the concentra-
tion of green-house gases in the atmosphere.

In the second study-week, held in January, we examined the prospects
for satisfying the food needs of the developing countries during the next
century, a period when the population of these countries will reach
unprecedentedly high levels. Thanks to the great strides forward of agricul-
tural sciences, embodied in the “Green Revolution”, the possibility of pro-
ducing enough food is now less of a concern then it was a few decades ago.
Of greater concern is, however, the question of the availability of food to
the poorer populations, especially, but not only, in Africa, which already
experiences widespread malnutrition,

These two meetings collected at the Academy some of the best world
experts in applied sciences, from metereology to oceanography, from agti-
culture to the soil sciences, and from medicine to nutritional research.

In the present meeting we take a different approach, for whose con-
ception we are grateful to Professor Keilis-Borok, that of bringing together
experts in the study of sustainability, bio-diversity, and natural catastrophes
on the one hand, and scientists who have made important contributions to
the development of basic science, on the other.

We are convinced that basic science has much to contribute to the
understanding and perhaps to the solution of the problems of sustainable
development and the well-being of humankind.

The interaction between life and the planet is determined by non-linear
effects, where small causes can lead to disproportionate consequences:
appearently minot variations in the pattern of agricultural practices can lead
to desertification, while relatively small quantities of fluorine-chlorine
chemicals injected into the atmosphere has led to the ozone hole in the
polar regions.

In recent decades basic research has made great strides in understand-
ing phenomena which are similarly discontinous. One example is the
progress in the understanding of transitions between different states of
matter. A difference in temperature of a fraction of a degree is sufficient to
transform barren ice into life-giving water. A small difference in velocity is
sufficient to change an ordered flow of water into a turbulent one.

Our knowledge of these phenomena, which are easily studied in the
laboratory, and prove amenable to mathematical modelling, is rapidly
advancing. We hope that this progress will prove useful in understanding
the more difficult problems of the interaction between life and the planet,
as well as in suggesting possible avenues for their solution.
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Holy Father: in expressing our deep gratitude for this audience we
wish to assure you of our dedication in the pursuit of our scientific investi-
gations, as well as our convinction that the dialogue between science and
philosophy which you advocate is even more necessary given the new prob-
lems which seem to emerge from human progress.

Nicora CAzmBBo



ADDRESS OF THE HOLY FATHER POPE JOHN PAUL 11
TO THE PARTICIPANTS OF THE STUDY-WEEK *

Mr President,
Your Excellencies,
Ladies and Gentlemen,

1. I am pleased to welcome you on the occasion of the study-
week organized by the Pontifical Academy of Sciences on the theme
of the contribution of science to world development. I thank your
President for his kind words and I extend warm greetings to you all,
assuring you of my appreciation of the service which you give to the
human community. You have chosen to reflect on the serious risks
facing the planet as a whole and, at the same time, to consider possi-
ble steps for the safeguarding of creation on the eve of the Third Mil-
lennium.

2. In today’s world, more and more people condemn the increas-
ing harm caused by modern civilization to persons, living conditions,
climate and agriculture. Certainly, there are elements linked to nature
and its proper autonomy, against which it is difficult, if not impossi-
ble, to struggle. Nevertheless, it is possible to say that human behav-
iour is sometimes the cause of serious ecological imbalance, with par-
ticularly harmful and disastrous consequences in different countries
and throughout the world. It suffices to mention armed conflict, the

* The following address was delivered by His Holiness John Paul 1T on 12 March 1999. It
was published in L'Osservatore Romano on 13 March 1999,



30 PONTIFICIALE ACADEMIAL SCIENTIARVM SCRIPTA VARIA - 98

unbridled race for economic growth, inordinate use of resources, pol-
Jution of the atmosphere and water.

3. Man has the responsibility of lmiting the risks to creation by
paying particular attention to the natural environment, by suitable
intervention and protection systems considered especially from the
viewpoint of the common good and not only of viability or private
profit. The sustainable development of peoples calls on everyone to
place themselves “at the service of all, to help them to grasp this seri-
ous problem in all its dimensions, and to convince them that solidarity
in action ... is a matter of urgency (Populorum Progressio, 1). Unfortu-
nately, economic and political considerations and arguments frequently
override respect for the environment, making the life of peoples
impossible or placing them at risk in some parts of the world. In order
that the world may be habitable tomorrow and that everyone may find
a place in it, I encourage public authorities and all men and women of
good will to question themselves about their daily attitudes and deci-
sions, which should not be dictated by an unlimited and unrestrained
quest for material goods without regard for the surroundings in which
we live, and which should be capable of responding to the basic needs
of present and future generations. This attention constitutes an essen-
tial dimension of solidarity between generations.

4. The international community is called to cooperate with the
different groups concerned, to ensure that the behaviour of people,
very often inspired by exaggerated consumerism, does not disrupt
economic networks, natural resources or the safeguarding of the bal-
ance of nature. “Mere accumulation of goods and services, even for
the benefit of the majority, is not enough for the realization of human
happiness” (Sollicitudo Rei Socialis, 28).

Similarly, the concentration of economic and political strength
corresponding to special interests generates power centres which fre-
quently act to the detriment of the interests of the international com-
munity. This situation leads to arbitrary decisions against which it is
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often difficult to react, thus exposing entire groups of people to seri-
ous harm. Parity and balance require research and decisions to be
carried out with transparency, with the aim of serving the common
good and the human community.

More than ever, it is important that a political, economic and
legal order be established, based on clear moral principles, so that
international relations will have as their objective the promotion of
the common good, avoiding the manifestations of corruption which
seriously damage individuals and peoples, and not tolerating the cre-
ation of unfair privileges and advantages which favour the richer
countries and social groups, economic activities developed without
regard for human rights, financial paradises and regions exempt from
the rule of law. Such an order should have enough authority with
national bodies to intervene on behalf of the most disadvantaged
regions and to promote social programmes aimed solely at helping
these regions to advance on the path of development. On this condi-
tion, man will truly be a brother of every man and a cooperator with
God in the management of the created order.

5. All those who have a responsibility in public life are also called
to develop professional and technological training, and to implement
training periods, especially for young people, enabling them to take
an active part in national growth. Likewise, it is essential to train
managers for developing countries and to carry out technological
transfers towards these countries. This promotion of social balance,
founded on the sense of justice and effected in a spirit of wisdom,
will ensure respect for people’s dignity, enable them to live in peace
and enjoy the goods produced by their land. Furthermore, a well-
organized society will be able to respond more rapidly to catastro-
phes which occur, in order to give assistance to peoples, especially
the poorest and consequently most deprived.

6. Your efforts to work out reliable projections constitute a pre-
cious contribution to ensure that individuals, especially those who
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have the responsibility of guiding the destiny of peoples, fully assume
their responsibilities to future generations, removing the threats aris-
ing from negligence, gravely mistaken economic or political deci-
sions, or lack of long-term planning.

The strategies to be adopted, as well as the necessary national
and international measures, should have as their primary aim the
well-being of individuals and peoples, so that all countries will enjoy
“a wider share in the benefits of civilization” (Populorum Progressio,
1). By means of an equitable sharing of the funds allocated by the
international community and low-interest loans, it is important to
promote initiatives based on impartial solidarity, capable of support-
ing correctly targeted activities, a concrete application of the best
adapted technologies and research corresponding to the needs of
local peoples, thus ensuring that the fruits of technological and sci-
entific progress do not exclusively benefit major companies and the
more advanced countries. 1 therefore invite the scientific community
to continue its research to better discern the causes of the imbalances
linked to nature and to man, in order to anticipate them and to pro-
pose replacement solutions for situations which become intolerable.

These initiatives should be based on a conception of the world
which places man at the centre and respects the variety of historical
and environmental conditions, making sustainable development possi-
ble, capable of responding to the needs of the entire population of the
world. This is especially a question of having a long-term perspective
in the use of natural resources, ensuring that present resources are not
exhausted by irrational and uncontrolled intervention.

7. People sometimes have the impression that their individual
decisions are without influence at the level of a country, the planet or
the cosmos. This could give rise to a certain indifference due to the
irresponsible behaviour of some individuals. However, we must
remember that the Creator placed man in creation, commanding him
to administer it for the good of all, making use of his intelligence and
reason, From this, we can be assured that the slightest good act of a
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person has a mystetious impact on social transformation and shares
in the growth of all. On the basis of the covenant with the Creator, to
which man is called to turn continually, everyone is invited to a pro-
found personal conversion in their relationship with others and with
nature. This will enable a collective conversion to take place and lead
to a life in harmony with creation. Prophetic actions, however slight,
are an opportunity for a great number of people to ask themselves
questions and to commit themselves to new paths. Consequently, it is
necessaty to ensure that everyone, particularly young people who
desire a better social life in the midst of creation, is educated in
human and moral values; it is also necessary to develop every
person’s social sense and attentiveness to others, so that all may
realise what is at stake in their daily attitudes for the future of their
country and the world.

8. At the end of our meeting, I ask the Lord to fill you with the
spiritual strength needed to continue your efforts in a spirit of serv-
ice to humanity and with a view to a better future on our planet. To
all of you and to your loved ones I cordially impart my Apostolic
Blessing.
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SUSTAINABILITY: PROSPECTS FOR A
NEW MILLENNIUM

PETER H. RAVEN

Humanity stands at a defining moment in bistory. We are confronted
with a perpetuation of disparities between and within nations, a worsening of
poverty, bunger, il health and illiteracy, and the continuing deterioration of
the ecosystems on which we depend for our well-being However, integration
of environment and development concerns and greater attention to them will
lead to the fulfillment of basic needs, improved living standards for all, better
protected and managed ecosystems and a safer, more prosperous future. No
nation can achieve this on its owny; but together we can — in a global pariner-
ship for sustainable development. (Agenda 21, Earth Summit; Sitarz, 1993).

The noted scientists and technologists who gathered for the Congress
of Arts and Sciences in St. Louis in 1904 would not have understood the
meaning of those ringing words. Instead of worrying about global inequities
or the destruction of the environment, they were delighted with the
prospects for a world in which the possibilities for progress seemed virtu-
ally unlimited. More than a century after the introduction of the steam
engine, the fruits of the Industrial Revolution had become evident on every
front, and the United States was looking forward to a future of interna-
tional leadership. Taking my cue from the St. Louis Congress, T shall focus
many of the following remarks on the role of the United States, but shall
eventually broaden that view to encompass the world, a world in which the
influence of the United States and other industrialized nations is pervasive,

When the delegates assembled in 1904, they would have been mindful
of the death of Queen Victoria, who had given her name to an era that had
witnessed the most extraordinary scientific, technical, and industrial ad-
vances that the world had known to that point. The St. Louis World’s Fair
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itsell was celebrating not only the growing outreach and power of the
United States, but also the broad vision of a diverse world that seemed to
hold so much promise for the future, Theodore Roosevelt, the youngest
American president, was in the White House, fater to win the Nobel Peace
Prize for his role in bringing about the end of the Russo-Japanese Wat;
about to become the first American president to travel outside of the coun-
try, when he visited the construction site for the Panama Canal (completed
in 1914); and poised, in defiance of Congress, to send the American Navy
around the world as a show of national strength (1908).

At the same time as Americans were so excited about the prospects for
the development of the airplane, of the automobile, of new modes of com-
munication, and all of the other inventions that promised so much for the
future, a few of them had also begun to realize that the world was not as
unbounded and limitless as it once had seemed. Explorers had reached the
far corners of the Earth, and knowledge was pouring in about its lands and
its peoples: we increasingly knew what was there. Fredrick Jackson Turner,
later to become America’s preeminent historian, had announced the closing
of the frontier, an idea that was to have great influence on collective visions
of the world in the early years of the century. What were the turn-of-the-
century antecedents of ecology, of sustainability, and of biodiversity - con-
cepts that are now intellectual landmarks on the topography of the twenty-
first century, but virtually unknown a hundred years ago?

Trre Woren Tuen aND Now

At the turn of the century, after more than a hundred years of the
Industrial Revolution, the global population stood at approximately 1.65
billion, with about 74 million people in the United States. Tn about four
months, an event to be officially “celebrated” on October 12, 1999, there
will 6 billion of us, including a billion added within the past 12 years, and
the billion before that in 13 years. There are at present just over 270 million
people in the United States, Human expectations have risen continuously
over the cousse of the century, while the global population has more than
tripled; consequently, the level of consumption in the industrialized world
has risen to heights undreamed of just a few decades ago. Changes in the
biosphere also have been unprecedented, with a major proportion of them
having occurred during the past 50 years (Turner, 1990). Over this period,
and for the past few hundred years, technologies have been invented and
deployed, and the world has in what is geologically an instant of time been
converted from a wild one to one in which human beings, one of an esti-
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mated 10 million species of organisms, are consuming, wasting, or diverting
an estimated 45 percent of the total net biological productivity on land and
using more than half of the available fresh water, locally at rates that clearly
cannot be sustained for fong. The properties of the atmosphere have been
and are being substantially changed by human activities, almost all major
fisheries are under severe pressure, and habitats throughout the world have
been decimated, with populations of alien plants and animals exploding
and causing enormous damage throughout the world, while species extine-
tions have reached levels unprecedented for tens of millions of years.
Despite the optimistic tone set by the Earth Summit declaration quoted
above, with perhaps 3 billion additional people joining our numbers over
the next half century, we will clearly have an increasingly difficult time in
maintaining our current levels of affluence or in achieving the lofty goals
which our historical progress seems to have made available to us. The scales
and kinds of changes in the Earth’s life support systems are so differenent
from what they have ever been before that we cannot base our predictions
of the future, much less chart our future courses of action, on the basis of
what has happened in the past (Vitousek ef 4/, 1997}.

As Bill McKibben has outlined in his book, “The End of Nature”
(1989), we have arrived at a time when human beings are effectively man-
aging the whole planet, for better or worse. The end of nature as he under-
stands it is the end of nature functioning indcpendcntly of human beings.
This is the vision that was explicitly explored in the ouistfmdmg collection
of essays, “Uncommon Ground” (Crogon, 1993). Specifically, in the field of
conservation, those organisms that survive will do so because human beings
manage the Earth’s resources in such a way that this is possible; those that
are lost will be lost for the same reason. The pressures we exert on global
ecosystems are so extensive that their future is up to us. For these reasons,
it has become clear that we cleatly are living in the most difficult and chal-
lenging times that hamanity has experienced. How did we get to this point,
annd what have been some of the warning signs along the way?

A mere 10,000 years ago, when crop agriculiure was first developed at
several widely scattered centers both in the Old World and the New, several
million human beings, far fewer than the number of people who visit the
museums of the Smithsonian Institution annually, populated the wotld, at
about the density of Aboriginal peoples in Australia before Furopean con-
tact. The availability of larger quantities of food, on a more dependabie
basis that had existed before that time, created conditions for the rapid
growth of the human population to an estimated 300 million at the time of
Christ, a number that held more or less steady for a thousand years, grew
to 1 billion around 1800, reached 2.5 billion by 1950 and will, as 1 men-
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tioned above, reach 6 billion in the present year, 1999, As human numbers
have grown, their impact on the environment have increased also, regional
evidences of overgrazing or defoestation having been regarded with dismay
by some people ever since Classical times. It has been during the period of
the Industrial Revolution, from the mid-eighteenth century onward, how-
ever, that the evidence of widespread human domination of the natural
environment has grown so rapidly and become so obvious as to affect the
world view of every person concerned with the future,

THE GROWTH OF ENVIRONMENTAL CONSGIOUSNESS: BEFORE 1900

Following Columbus’ landfall in the New World five centuries ago, at
a time when the global population was less than a tenth of what it is now
(about 500 million), waves of people from the Old World colonized the
newfound lands and grew to great numbers and great power. The same
phenomenon occurred throughout the world, as colonial expansion and the
extension of often unsustainable forms of land use rapidly changed the face
of the continents (Grove, 1995). As Andrews {1999, p. 18), put it, “Colo-
nization ... was among other things an environmental policy”. The ways in
which relatively unspoiled lands were rapidly changed by the practices asso-
ciated with colonization, and the ideal visions of such lands that persisted
in the minds of Europeans far longer than they did on the ground, had a
great deal to do with our collective understanding of the limited nature of
local and ultimately global resources (McCormick, 1989). By the 1850s the
problem of tropical deforestation was already being viewed as a problem on
a global scale, and one that urgently demanded correction. Although less
emphasized in the latter decades of the nineteenth century and the first half
of the current one, the powerful metaphor of the destruction of Eden
proved an enduring and influential one.

In Colonial America, the collective vision was one of an endless cornu-
copia of forests and meadows, rich in natural resources to be exploited ~
the destruction of the wilderness and the taming of nature were widely-
accepted as desirable goals. The image of nature in all of its wonder and
abundance, and the deep and abiding love of the land that Americans gen-
eraily share, however, also have their roots in this eacly history: the land
seems inexhaustible, rich, and nurturing beyond our wildest dreams. As
Wallace Stegner (1980) put it, “While we were demonstrating oursetves the
most efficient and ruthless environment-busters in history, and slashing and
burning and cutting our way through a wilderness continent, the wilderness
was working on us. It remains in us as surely as Indian names remain on the
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land. If the abstract dream of human libesty and human dignity became, in
America, something more than an abstract dream, matk it down at feast
partially to the fact that we were in subtle ways subdued by what we con-
quered”. In these words, Stegner has captured the essence of the ethical,
moral, and religious overtones to environmentalism, which are fundamen-
tally important to our perceptions of the field, and underlie our hope of
progress in the future. Although much of what we say and do is materialis-
tic and operational, the reasons that we do it lie within ourselves.

Even in colonial times, some began to take seriously the evidence of
threats to the bounty of the land, and to view the profligate use of natural
resources as a problem (Nash, 1982; Shabecoff, 1993; Andrews, 1999).
However, it was not until the advent of industrialization, roughly from the
1830s onward in America, that massive changes in the landscape began to
become evident on many different fronts. In a relatively few decades, from
the mid-nineteenth century onward, most of the prairies were cleared, the
remaining great forests were cut, and farms and, increasingly, cities were
established everywhere in the land — the activities noted so poetically by
Stegner were carried on apace. In addition, it has gradually become clear
that “nature” is a profoundly human construction: it can never be separated
fully from our own values and assumptions (Cronon, 1995, p. 25).

Increasingly alarmed by these trends and their perceived effects on the
future productivity of the land, influential writers and public figures, mostly
living in the cities of the East, began to call for the preservation of some of
our national wildlands, especially in the West: the sense of passing of the
wilderness ultimately had a powerful effect on the national imagination.
Ralph Waldo Emerson and Henry David Thoreau re-defined our relation-
ship with nature, laying the foundation for modern environmentalism and
the concept of sustainability. At the same time, Charles Darwin, by placing
the human race clearly in the biological context of its evolutionary history,
helped substantially to break down the dichotomy that had been so gener-
ally accepted earlier between people and nature. Subsequently, George
Perking Marsh, America’s first true environmentalist, understood well the
concept of the balance of nature and brought it to the attension of a wide
public, basing his appreciation on his knowledge of his native state of Ver-
mont, as well as on his wide travels in the Mediterranean basin and else-
where; his 1864 book, Man and Nature; or, Physical Geography as Modified
by Human Action, is a classic both of environmentalism and of ecology.
Marsh saw clearly that the destruction of nature could not be sustained,
and pointed out the need for case in the management of our resousces for
the sake of future generations. America’s first national park, Yellowstone,
was established the same year thar Marsh’s book was published. Another
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notable and far-sighted early experiment in re-defining the relationship
between man and nature was the establishment of the Adirondack Forest
Preserve, later the Adirondack Park, by New York State, in 1885.

At the same time that concern about nature, and especially about the
fate of the Western lands, was growing, another important trend was greatly
influencing the development of environmentalism. The explosive growth of
cities and the increasing urbanization of the population brought widespread
urban pollution, along with the development of a new way of life that dif-
fered remarkably from that of the countryside: the same trend that had
accompanied the advances of the Industrial Revolution earlier in England
and elsewhere in Europe. The new urban-centered life, and the develop-
ment of the many remarkable institutions that it made possible, provided an
abundance that led to a growing equality and equity, but also gave rise to
many new problems concerning the conditions under which people actually
lived in those growing cities, swollen by the ranks of immigrants secking a
new life in America. Thus nearly 13 million immigrants came to the United
States between 1890 and 1910, the great majority of them living in cities,
where they were joined by large numbers of people moving from the farms.
Coal dust, smoke, and toxic chemicals, open sewers, uncertain and often
polluted water supplies, crowded and insanitary toilets — these were the
commonplace experience of urban dwellers at the turn of the century. The
collective realization of what the awful crowding in cities, the squalid living
conditions and urban pollution meant to the lives of people became, along
with the protection of natural resources, a second element of fundamental
importance in the formation of American environmentalism (Andrews,
1999, chapter 7), one that ultimately contributed enormously to the strength
of the modern environmental movement (Gottlieb, 1993},

Toe Scmnce or Ecorocy

The essays that were presented by Oscar Drude and Benjamin Robin-
son in St. Louis in 1904 revealed an ecology that was in its earliest stages of
development. Their papers were mainly concerned with plant distribution
and the organization of plant communities around the world, with no ref-
erence to any of the dynamic concepts that have come to be associated with
the modern syathetic science of ecology a century later, The term “ecology”
had first been proposed by the German biologist Ernest Haeckel in 1866,
but Haeckel had no particulatly novel insights about the field. In develop-
ing the concept, he was referting to the web that linked organisms with their
environment, an idea directly related to the notion of “natural history” as it
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had been understood earlier. Essentially, the science of ecology is one that
has developed entirely in the twentieth century.

At first, it was the study of plant ecology, and the relationships within
plant communities that dominated ecology; but oceanography, limnology,
and other disciplinary approaches now part of the field were developed
during the same years. Efforts to chart the Himits of plant distribution and
to understand those limits in a historical sense were pursued actively, with
terrestrial animal ecology coming along later (Mclntosh, 1985). FE.
Clements, who had served as secretary for the ecology section of the 1904
St. Louis meeting, became an important pioneer and leader in the develop-
ment of more dynamic concepts, and helped to lead ecology away from its
roots as a purely descriptive discipline. During the same years, H.C. Cowles,
at the University of Chicago, played a seminal role in the development of
the science by adding his valuable insights to the concept of plant succes-
sion, Eventually, the British ecologist C. Elton in his book “Animal Ecol-
ogy” (1927} laid the foundations for terrestrial animal ecology. There fol-
lowed rapidly in the ensuing decades the development of quantitative com-
munity ecology as a field, and an appreciation of the dynamics of popula-
tions and of the relationships between populations in communities, the flow
of energy and the movement of materials in communities {in the second
half of the century), and finally the emergence of a science of systems ecol-
ogy, in the development of which the American ecologists Eugene P. and
Howard T. Odum played major roles.

Like all branches of science, ecology has become increasingly quantita-
tive and theoretical, with an emphasis on mathematical modeling, popula-
tion ecology, and feedback loops; scientists such as G. Evelyn Hutchinson
and his student Robert MacArthur were important contributors in this area.

It needs to be emphasized at this point that ecology and environmen-
talism are by no means synonymous concepts: ecology is in fact a scientific
discipline that deals with the relationships between organisms and with
their environment and develops logical ways of examining and making pre-
dictions concerning them. A concept such as “sustainable development” is
necessatily based on the principles of ecology, as those principles operate in
a social and economic context. Notwithstanding this fundamental distinc-
tion, the development of the field of ecology into a strong scientific disci-
pline during the course of the twentieth century is one of the factors of fun-
damental importance which allows us to evaluate the dilemma that faces us
as we enter the new millennium, The whole set of biological relationships
that it comprises provides the basis for understanding the reactions of dif-
ferent sets of populations, whether of humans or of other kinds of organ-
isms, to their changing environment. Feology likewise, especially through
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the synthetic field of conservation biology, lluminates the fundamental prin-
ciples on which our biological heritage can potentially be conserved for our
future welfare.

ENVIRONMENTALISM IN TWENTIETH CENTURY AMERICA

Environmentalism in the United States was marked in the cartly years of
the twentieth century by the emergence of the remarkable leadership of
Gifford Pinchot, John Muir, and Theodore Roosevelt. These inspirational
men considered in their individual ways that our natural resources should
be managed so as to serve the needs of the future as well as those of the
present: their influence was enormous, and persists to the present. They
built particulatly on the concept of parks and reserves, and that of safe-
guarding natural resources for all people. Among the events that marked
the growth of environmentalism prior to World War II were the establish-
ment of the National Audubon Society (1905), the controversy over Hetch
Hetchy Valley in the Sierra Nevada of California (the valley was granted to
San Francisco in 1913), the Migratory Bird Treaty Act established with
Canada (1918), the establishment of the Civilian Conservation Cozps (1933},
and the passage of much federal legislation to regulate forests, water, and
soil erosion during the 1930s. The influence of cartoonist Ding Darling
(1876-1962; Lendt, 1979), who published widely syndicated and much-
appreciated environmental cartoons from 1916 onwards, cannot be overes-
timated. As chief of the Biological Survey (later the Fish and Wildlife Ser-
vice) in the 1930s, and because of his wide networking, he contributed a
great deal to making Americans aware of their environment and what they
were doing to it, and to the world - he cleatly had an international vision
of the environment, and projected that vision in many ways. And these are
just a few samples of what was going on during those years.

During Wotld War 11, environmental concerns were largely sidetracked
by the urgent ones associated with the war effort. Following the war, there
occurred a petriod characterized by what Shabecoff {1993) called “careless
optimism and materialism”. Environmental concern gradually returned,
however, as people were confronted on all sides with widespread evidence
of severe problems. During these vears, events such as the severe air pollu-
tion that occurred in Donora, Pennsylvania, in 1948, in which 20 people
died and 14,000 became ill; the London “Killer Smog” that left 4,000
people dead in 1952; and concern over soil loss, water pollution, and the
destruction of natural resources drew widespread attention and led to the
enactment of new laws protecting people and natural lands.
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One of the first books to call attention to these problems forcefully for
a general audience was Fairfield Osbora’s “Our Plundered Planet” {1948),
which by its title as well as by its substance helped to stimulate serious and
widespread debate. Osborn considered “the grand and ultimate #lusion [to
be] that man could provide a substitute for the elemental workings of
nature”. The concerns expressed by Osborn gradually moved to center stage
in the public mind, his book having played a major role in stimulating con-
cern about the environment and the directions in which we were heading.

Aldo Leopold, a great conservationist and philosopher, wrote some of
the most stirring essays in the history of the field; his posthumously-pub-
lished “A Sand County Almanac” (1949) has inspired generations of envi-
ronmentalists. This book immediately became a landmark of the movement
towards what we would pow call sustainability, and is surely one of Amer-
ica’s finest gifts to the world conservation movement, and thus to future
generations. Leopold’s “land ethic” speaks of a complex world dominated
by human beings, who thus have either the power of good, nurturing care
of their land, or the ability to degrade and destroy it. In his words, it
“changes the role of Homo sapzens from conqueror of the land-community
to plain member and citizen of it” (1943, p. 216).

Partly as a result of the writings of leaders such as Osborn and
Leopold, and partly because of the increasing evidence of environmental
degradation seen ever more widely, public concern over eavironmental mat-
ters reached new heights in the 1960s. The publication of “This is the
American Earth”, an exhibit-format book featuring the photographs of
Ansel Adams and the poems of Nancy Newhall, by the Sierra Club in 1960,
made a significant contribution to environmentalism and to a new way of
thinking about the Earth at a spiritual level at the start of the decade. Over
the following years, many influential writers and speakers began to warn of
the dangers of excessive human domination of the Earth, generalizing from
what had eatlier been seen as individual, unconnected problems. They did
so during a half century in which a wosld population that had grown by
850 million people during the preceding 50 years to a record level of 2.5
billion continued to increase at accelerated rates to its present level of 6 bil-
lion people. Such growth, coupled with industrial expansion from 1945
onward and Increasing expectations on the part of consumers, greatly
increased the strains on all ecological systems in ways that had become
widely evident by the 1950s and 1960s.

In 1962, the first excepts of Rachael Carson’s “Silent Spring” appeared
in The New Yorker, and our common vision of our relationships with our
planet were permanently altered, Cleatly the most important environmental
book written in America, “Silent Spring” focuses on chemical pesticides,
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but with clear vision charts the destruction that technology can bring if
carelessly applied. Carson presents a vision of a future world in which intel-
ligent people can create a sustainable world, By doing so in such a con-
vincing way, she moved environmentalism permanently to the center of the
American agenda. Another landmark work was published near the end of
the decade, when Paul Ehzlich’s best-selfer “The Population Bomb” (1968)
dramatized and made available for a wide public for the first time the prob-
lems associated with rapid growth in human population, in effect adding a
new dimension to the environmental debates.

The gathering momentum of the environmental movement culminated
on Farth Day, April 22, 1970, when some 20 million Americans, one of
every ten people in the nation, massed to demonstrate their concern over
the state of the environment, Environmentalism had emerged as a mass
social movement, resonating with civil rights and the other major social
movements of the day, Many new environmental groups had been organ-
ized, and they were growing rapidly along with others that had been in
existence earlier. Starting with the National Environmental Policy Act,
signed into law on January 1, 1970, the concerns of those who were
attempting to lay the foundations for sustainable future were embodied in
our laws, followed by the passage of the Clean Air Act. The Environmental
Protection Agency was created at the end of the same year; the Clean Water
Act in 1972. Of particular significance was the establishment of the Endan-
gered Species Act in 1973: the world’s most comprehensive legislation deal-
ing with the conservation of biological diversity.

Earth Day in 1990 was even more significant in demonstrating the
degree to which environmentalism had pervaded every aspect of American
society, from corporations to consumer life styles, and had become a force
that could not again be disregarded in the formation of public policy. What
it called into focus, however, was that even though the environmentalism
that was so strongly expressed in the 1960s had resulted in the establish-
ment of outstanding environmental legistation, these accomplishments were
not enough. Human nature combined with a failure to appreciate the global
environmental situation, based partly on wishful thinking ~ the desire to
continue on with “business as usual” — has resulted in bizarre and distorted
conclusions like those of Easterbrook (1995}, or the ones found daily in
much of the economic press. Taken at face value, the assertions presented
in such works would lead one to believe either that world economics func-
tions in a vacuum, or that the natural productivity of the Earth and its
maintenance and healthy functioning is of no interest in calculating human
futures. Evidently, relatively few people in positions of authority are willing
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to deal with the shock that comes when the global scale of these problems
is recognized. Yet it is patently true that economic growth can be sustained
over the long run only in the context of care for the environment.

(GLOBAL ENVIRONMENTALISM

On a world scale, the formation of the United Nations in 1946 and the
subsequent development of the organization gradually led to an increasing
emphasis on problems associated with the environment. In 1968, the Inter-
national Conference of Experts for Rational Use and Conservation of the
Biosphere met in Paris under the auspices of UNESCO, and became the
first major international meeting to examine human impacts on the eavi-
ronment. From this conference came the Man in the Biosphere (MAB) pro-
gram, which specifically called for new ways of considering this relation-
ship, and implementing improvements in it.

Four years later, in response to environmental problems in the Baltic
region, the 1972 United Nations Conference on the Fluman Environment
was convened in Stockholm. Here, the Canadian Maurice Strong began his
brilliant international environmental career, and, when acting as head of the
secretariat, brought about a strong examination of the relationship between
the environment and development that has dominated international consid-
erations of this area ever since. Building in part on the concepts expressed
by the microbiologist and conservationist Rene Dubos, the conference
examined the conditions under which human beings could exist in har-
mony with the rest of nature. Dubos’ famous admonition, “think globally,
act locally”, has greatly influenced environmentalists, and his role in devel-
oping the concepts examined at Stockholm was of seminal importance, At
the conference itself, a memorable role was played by Indian Prime Minis-
ter Indira Gandhi, who stated, “the inherent conflict is not between con-
servation and development but between the environment and the reckless
exploitation of man and the earth in the name of efficiency”.

Among the outcomes of the Stockholm conference was the formation
of the Governing Council for Environmental Programs, a body that changed
the following year (1973) into the United Nations Environment Program
(UNEP), with its headquarters in Nairobi, Kenya. Tis global orientation has
served the world well during the 26 years of its existence, with many solid
accomplishments to its credit. Nonetheless, its status as an agency sup-
ported by voluntary contributions has tended to marginalize some of its
themes and the conclusions of its deliberations, and many believe that a
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more central role for the environment within the UN. General Assembly
would be an appropriate response to the world environmental situation as
we prepare to entet the new millennium. The scope of the world’s problems
does indeed seem to cry out for such a solution.

Anothes, and very different, event of key significance in the elaboration
of the concept of sustainability was the publication by the Club of Rome
of “The Limits to Growth” (Meadows et 4/, 1972). The study this book
reports uses comprehensive mathematical models to develop its conclusion
that if present trends in world population continued, the limits to growth
on the planet would be reached within a hundred vears; the underlying
conditions could be changed to establish a condition of ecological and eco-
nomic stability that would last for the indefinite future; but if the world’s
peoples decided to change these conditions, the sooner they began, the
more effective their actions would be, The remarkable feature of this book
was its presentation of a comprehensive global model in which the vatious
environmental, social, and economic factors that affect the human future
can be considered in context for the first time. Although the study was
widely reviled, particularly in economic circles, for the details of its projec-
tions, the majesty of its vision is as impressive today- as when it first
appeared, and the kind of reasoning it made possible remains fundamen-
tally important. No enduring vision of the world’s future can fail to take
into account the effects of population growth, of affluence (consumption
per person), or of the use of inappropriate technology, all of which need to
be addressed in achieving global sustainability.

In practice, however, the appearance of the book set off a strong
debate between the “cornucopians”, who believed that environmental
threats are grossly exaggerated, and that we should continue on with busi-
ness as usual, and those who hold that catastrophes of various kinds are
either upon us or just around the corner. What is certain in this debate is
that early and intelligent actions will be required if some of the directions
we are pursuing are to be changed; and change them we certainly must.

In the preceding remarks, I have deliberately not emphasized the
growth of the global environmental movement, which parallels in different
ways and with various regional and national characteristics that of the
American environmental movement. McCormick (1989) and others have
done a good job of charting the growth of what has become the largest
social movement in history. One need only consider phrases such as “Ches-
nobyl”, “Times Beach”, “Brent Spar”, and “the Rainbow Warrior” to under-
stand how the concepts of global environmentalism have pervaded our col-
lective consciousness, and why. Certainly this movement, from the grass-
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roots up through organizations, will have a major role to play in the organ-
ization of our responses to the problems that we so evidently confront as
we enter the new millennium.

SUSTAINABILITY

In the history of the environmental movement, “sustainability” is a
recent concept that has proved powerful in describing the different factors
that bear on our future. In 1987, the World Commission on Environment
and Development published “Our Common Future”, a repost on the global
environment in a human context. This report, which was adopted by the
U.N. General Assembly calls for sustainable development as “development
which meets the needs of the present without compromising the ability of
future generations to meet their own needs”. In other words, it combines
the need to protect natural resources with the improvement of living stan-
dards: ecological systems and human systems working in harmony with one
another. Pointing out that the problems of the environment in relation to
human development are well known, the Commission called for urgent
action to address these problems and to set the world on a sound course for
the future. The Commission produced a brilliant and well-reasoned report,
with strong tecommendations in most fields affected by sustainable devel-
opment. To some extent, its conclusions were built into the declarations
from the Rio de Janeiro meeting five years later, but the objectives it laid
out so clearly are still to be fully met. Achieving economic growth while
taking into sufficient account environmental and social realities is our
common goal, but it is very difficult to achieve, Despite the strong empha-
sis given to his area in the recommendations of the Earth Summit at Rio
{Sitarz, 1993), relatively little progress has been made. Why has this been
the case?

Twenty years after the Stockholm conference, it had become obvious
that the state of the environment had deteriorated greatly from irs 1972
condition. The authors of “Limits to Growth” (Meadows et al,, 1992, p. 2)
wrote in their new analysis, “Beyond the Limits”. “Human society has over-
shot its limits, for the same reasons that other overshoots occur. Changes are
too fast. Signals are late, incomplete, distorted, ignored or denied. Momen-
tum is great. Responses are slow ... if a correction is not made, a collapse of
some sort is not only possible but certain, and it could occur within the life-
times of many who are alive today”.

In that same year, 1992, and once again organized under the tireless
and effective leadership of Maurice Strong, the 1992 World Conference
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on Eovironment and Development in Rio de faneiro re-emphasized and
expanded upon these themes, and led to the development of several impor-
tant international treaties, including one dealing with climate change and s
second with the protection, sustainable use, and fair and equitable sharing
of biological diversity. The Earth Summit was a success to some degree,
with the vision articulated twenty years eatlier at Stockholm now widely
accepted, and the depth of the problems confronting humanity generally
understood. In addition, the enhanced role of non-governmental organiza-
tions (NGOs) in the mecting was an important advance that suggests one of
the fundamental ways in which change may occur in the future. In addition,
the organization of the Business Council for Sustainable Development was
another important theme of the meeting, and one that has grown subse-
quently. The replenishment of the Global Environment Facility (GEF;
formed in 1991), a financial mechanism to help developing countries deal
with global warming, biodiversity loss, the pollution of international waters,
and depletion of the ozone layer, was one important step, and several
groups established or given new mandates at the time of the Rio meeting
are addressing problems of great importance, What the Farth Summit did
bring into shaep focus, however, was the huge difference between the con-
cerns of the governments of industrialized countries, a fifth of the world’s
population with a per capita income of more than $20,000 and a life
expectancy of 75 years, with those of the developing countries, four-fifths of
the world’s people, with a per capita income of about $1,200 and a life
expectancy of 63 years, Some 1.3 billion people live in acute poverty, with
incomes of less than $1 per day, 840 million of them receiving less than 80
percent of the U.N.-recommended minimum caloric intake, and thus liter-
ally starving,

When it became definite that India would attain independence, a British
journalist interviewing Gandhi asked whether India would now follow the
British pattern of development. Gandhi replied “It took Britain half the
resources of the planet to achieve this prosperity. How many planets will a
country like India requite?”. More recently, Wackernagel and Rees (1995)
and others have emphasized again that if everyone lived at the standard of
industrialized countries, it would take two additional planets comparable to
Earth to support them, three more if the population should double; and that
if worldwide standards of living should double over the next 40 years, twelve
additional “Barths”. Aspirations to such a standard of living are clearly unat-
tainable, and yet advertising continually tells everyone that it is both appro-
priate and achievable. Even those who already live in rich countries contin-
ually strive to seek to improve their standards of living. The paradox pre-
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sented by these relationships can be solved only by achieving a stable popu-
lation, finding a sustainable level of consumption globally, accepting social
justice as the norm for global development, and developing improved tech-
nologies and practices to make sustainable development possible.

We certainly understand better than ever the nature of the problems
confronting us, but our willingness to deal with them, as we enter the new
millennium, remains very limited, whether they be global warming, the
destruction of forests, toxic pollution, the control of nuclear arms, or the
destruction of the biological diversity on which we so confidently hope to
base so much of our future prosperity. Seven years after the Earth Summit,
industrialized nations have not funded the important recommendations of
Agenda 21, the principal document that emerged from the meeting, and
seem less interested in taking those recommendations seriously as time goes
by. The lack of leadership by the United States, the world’s wealthiest
nation, has meant that the aspirations and plans developed in Rio de Janeiro
in 1992 have mostly not been realized. How then can we and those who
come after us expect to enjoy the benefits of a peaceful, healthy, and pros-
perous world in the twenty-first century and beyond?

Our collective inability, or perhaps unwillingness, to deal with condi-
tions in the poorer parts of the world, on the one had, and the consump-
tion patterns and lifestyles in more affluent parts of the world, on the other,
pose serious obstacles to the attainment of global sustainability. With four-
fifths of the wotld’s people sharing the benefits of only 15 percent of the
world’s economy and their countries home to less than a tenth of its scien-
tists and engineers, it is clear that the global system will operate properly
only it there are increased financial contributions from the North. In most
of the South, environments are deteriorating rapidly, and for large areas, the
conditions in which people live are clearly unacceptable and unstable, often
leading directly to environmental degradation (Shabecoff, 1996). Perhaps,
as Shabecoff outlined, we are on the verge of a new enlightenment about
the environment, but dlue are few indications that this is in fact the case.

Even though future societies based on information seem to promise
less environmental degradation, the world view that so many of us share
seems an unsuitable one for building a sustainable world. As Kai Lee (1993,
p. 200) puts it, “how much misery will it take to make a global norm of sus-
tainability fnst visible, then credible, then feasible, then inevitable? We do
not know. And we do not know if the lessons of environmental disaster can
be learned in time to ward off still more suffering. However bleak that
prospect, we in the rich nations must bear the certain knowledge that our
societies are both historically responsible for many of the circumstances
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that imprison the poor and that we will on average fare much better than
they. Against this background it is possible to see that sustainable develop-
ment is not a goal, not a condition likely to be attained on earth, as we
know it. Rather, it is more like freedom or justice, a direction in which we
must strive, along which we search for a life good enough to warrant our
comforts”,

BiobpiversiTy

The word “biodiversity” was coined by Walter G. Rosen at the U.S.
National Research Council in 1986, in connection with the organization of
a National Forum on BioDiversity sponsored by the U.S. National Acad-
emy of Sciences and the Smithsonian Institution (Wilson, 1988). Although
it was a contraction of the familiar phrase “biological diversity”, the new
term took on an expanded meaning, and as Takacs (1996) points out, has
become the rallying cry currently used by biologists and others to draw
attention to the global ecological crisis broadly. At the 1986 conference, we
were still Jargely dealing with a concept of “biological diversity” that tended
to connote the array of species in the world, our knowledge of them, and
the degree to which they were threatened by extinction. In contrast, “bio-
diversity”, includes not only the genetic variation of those species but also
all the ways in which they interact with one another in communities and
ecosystems — the entire fabric of life on Earth. Viewed in this broader way,
biodiversity becomes the stuff of sustainable development, our primary
hope for sustainable management of the planet in the future, and, of
course, the resource on which we hope to base the coming “age of biology”
over the decades to come. In other words, a concept that started as “bio-
logical diversity”, transformed into “biodiversity”, has added to its original
connotation of a set of individual organisms a much broader social mean-
ing. In that sense, it approaches the meaning of eatlier broad concepts such
as “wildlife” or “nature”.

It is notable that the formation of the Society of Conservation Biology
occutred in the same year (1986) as the original conference on biodiversity.
Like the conference itself, the formation of the Society signaled the matu-
rity of an interdisciplinary effort in which the strands had been coming
together for a number of years. An increasing maturity, based to some
extent on the concepts that had been presented so poetically and well by
Aldo Leopold 40 years eatlier (Takacs, 1996), had deepened and broadened
the conservation movement and the ways in which h we can aspire to nurture
the land and its living creatures.
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The immediate inspiration for the formation of the concept of biodi-
versity was the sense of loss preseated so clearly by authors such as Paul
and Anne Ehtlich and Norman Myers in the 1970s and 1980s. Arguments
based on the economic value of individual species, which are unquestion-
able and need not be elaborated here; those based on the value of ecosys-
tem services, which in turn depend on interactions between species; and
fundamental moral and ethical values, all play important roles in explaining
the loss of biodiversity, estimated to amount to two-thirds of the species on
Earth by the end of the coming century (Pimm and Brooks, 1999). Without
biodiversity, we cannot respond well to the challenges we face, including
global climate change: how will we form the new productive and stable bio-
logical systems of the future? A habitable planet requires the maintenance
of the living systems that support all living things on Earth, including
human beings.

Current extinction rates are several hundred times higher than those
that have prevailed for tens of millions of years, and habitat destruction con-
tinues apace, so that extinction rates of 1,000 to 10,000 times those that
existed in the past will wipe out species at a rate that has not prevailed since
the end of the Cretaceous Period, some 65 million years ago — at just the
time when humanity bases so much of its future hopes on its ability to use
those species for human benefit. Furthermore, we have charted only a small
fraction of the Earth’s biodiversity, perhaps 1.6 million eukaryotic species
even given a name, of an estimated total number of perhaps 10 million, with
next to nothing on a global scale really known about such critically impor-
tant groups as bacteria, fungi, and many groups of marine organisms. What
we are losing, we do not even know: and perhaps never will.

A View or THE FUToRE

Over the course of the twentieth century, it has become overwhelm-
ingly appatrent that humanity cannot expect a healthy, peaceful, and pro-
ductive future — in other words, a sustainable one — if we continue to live
off the Earth’s capital, rather than its interest: natural productivity. A world
in which people are using or wasting neatly half of the total terrestrial pho-
tosynthetic productivity, one in which more than half of the available fresh
water is already appropriated for human use, one in which the characteris-
tics of the atmosphere are being altered rapidly, and one in which the
species on which we hope to base the construction of sustainable and pro-
ductive systems at the level of individual species and that of communities
are disappearing in huge numbers - such a world will not be able to con-
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tinue with its profligacy much longer without severe crashes of major eco-
logical and economic systems (Meadows et al., 1992). Global security like-
wise depends ultimately on environmental sustainability rather than on the
expenditure of a huge proportion of the world’s economic output to fund
armies for rich, industrialized nations and poor ones alike (Myers, 1995).
Food security, health, social justice — all are dependent on rising above our
parochial and perhaps ingrained views of how to live, and learning together
how to manage our planetary home for our common benefit. Empowering
women throughout the world, seeking means to raise their status, and alle-
viating their poverty ~ microcredit has proved an effective strategy in this
important effort — constitute among the most important actions to be taken
to achieve sustainable development. Science and technology need to be
fully applied In our striving toward global sustainability (Lee, 1993), but
they alone will clearly not be enough. The new Social Contract for Science
called for so forcefully by Lubchenco (1998), one in which scientists will
address the most urgent needs of society; communicate their knowledge
and understanding widely in order to inform society’s decisions; and exer-
cise good judgment, wisdom, and humility, constitutes a powerful call to
action in a wotld that needs such action badly.

As the century comes to its end, it seems clear that the regulation of
economic policy, with allowances for supporting the actions of the private
sector, will have more impact on the environment than direct legislative ini-
tiatives. Conservative economists and radical environmentalists agree that
the true value of the materials that we are using must become the basis of
the sustainable commerce of the future, and that irrational taxes that drive
unsustainable activities by mis-stating the value of their materials should be
abandoned. Indeed, Myers and Kent (1998) have estimated that perverse
subsidies leading to the destruction of natural resources worldwide amount
to some $1.5 trillion annually, approximately twice as large as total global
military spending, and larger than the economies of all nations on the Earth
except the five largest - recognizing the undesirable nature of these subsi-
dies and eliminating them or changing them in ways that will contribute to
the sustainability of global ecosystems and resources would be one of the
most important actions that humanity could take as we enter the new mil-
lennium. Perhaps the wozld’s major corporations could in their own inter-
est pursue an agenda in which the actual prices of resources were taken into
account. In the design and construction community, for example, architects
and building scientists are just now starting to operate by the rules of such
an agenda, conserving energy and using new life cycle analysis (LCA) soft-
ware tools to evaluate the environmental costs, such as resource depletion,
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greenhous gas emissions, and energy consumption, of materials from “cradle
to grave”. Green consumerism is growing rapidly, with more than 31 mil-
lion certified acres supplying “green” wood products in 1999. In addition,
and of great importance, national and global systems of green accounting to
reflect the full environmental costs of economic activities would help.

By pursuing strategies of the sort just reviewed, it might actually be
possible to improve the potential condition of the world, and humanity’s
partly hard-wired tendency to behave as if we were still highly dispersed
hunter-gatherers, rather than members of a rapidly growing human race
comprising six billion people, some very rich, but many living in abject
poverty. How could we build the political will to accomplish this? In view
of the failure of the United States and other leading industrialized countries
to address responsibly the agenda proposed at the Earth Summit in Rio de
Janeiro in 1992, we cannot legitimately enter the new millennium with a
sense of optimism. Despite this, we must be as elfective as we can for the
sake of those who will follow us, and we have significant choices to make
that will clearly influence the shape of the world in the future, as analyzed
effectively by Allen Flammond (1998).

Concretely, we could continue to strive to move sustainability closer to
the center of the United Nations agenda, where it would be recognized as
the most powerful factor in determining human futures. The United States
could ratify the Convention on Biological Diversity, and all parties could
refocus its activitics on its three key objectives, which will help to conserve
biodiversity and improve livelihoods, rather than allowing it to be con-
sumed by questions of gene technology that have at best a marginal bearing
on the survival of species around the world. The reform of the activities
of the Convention, and their redirection towards appropriate objectives,
would be a major step forward in the field of sustainable development. A
global plan for the preservation of species, properly funded, would result in
the greatest gift that we could possibly give to our descendants.

On the other hand, it may be that the model of a world driven by
nations and the kinds of international institutions that were established in
the wake of World War IT will not prove to be dominant in the future. On
the one hand, there is growing evidence that enlightened corporations are
increasingly realizing that understanding and working with the conditions
of sustainable development is a necessary prerequisite for success in the
corporate world of the future (Hawken, 1993). John Browne, CEO of BP,
for example, has set the company on a course that will embrace alternative
energy sources and energy conservation, reasoning that in the face of global
warming, they must do this if they are to continue to be a profitable energy
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company in the future, How much more likely BP.is to prosper than com-
panies that ignore the conclusions about climate change that are so evident
to the scientific community? Ray Anderson, chaitman of Interface, an
Atlanta-based carpet manufacturer, is likewise reorganizing his company’s
efforts around the conditions of the future, where sustainability will be a
necessary condition of successful business, rather than those of the past.
There are signs that the forestry and fisheries industries are starting to take
sustainability serfously, and indications that consumers will increasingly
demand appropriate certification for such products because of their con-
cern for the environment. If corporations listen carefully to their stakehold-
ers and take care to operate sustainably, they will affect the actions of gov-
ernments and international agencies significantly and help to create condi-
tions for their own prospetity, and for the world’s sustainability. Frame-
works such as that developed by The Natural Step, a Swedish organization
that is having much influence throughout the industrialized world, will pro-
vide convenient blueprints to help guide us along the path of sustainability
— but Kai Lee’s (1993) principle that sustainability can perhaps best be
viewed as an ideal, like justice, should be kept carefully in mind as we travel
in that direction.

The kinds of grassroots activities that are promoting sustainability on a
local basis have become a powerful force throughout the world: perhaps
they are fundamentally only a re-emphasis of what has been traditional.
Whether establishing local clinics and sustainable industries in the Biligiri
Rangan Hills of South India, people-based ecotourism centers in native
lands in Kenya, rebuilding a broken landscape at the Bookmark Biosphere
Reserve in South Australia, learning how to ranch sustainably on the vast
grasslands of the Malpai Borderlands of New Mexico and Arizona, or
simply rooting out alien plants on Albany Il in the San Francisco Bay
Arca, the people who are pursuing sustainability in a direct and personal
way will hugely affect the shape of the world in the future. Quistanding
books like those by Baskin {1997) and Daily (1997), explaining in detail
how nature works and how we benefit from it in ways that most of us never
consider will continue to play an important role in stimulating our desire to
achieve sustainability. For example, watershed protection, the determina-
tion of local climates, and the protection of crops by birds and beneficial
insects, including pollinators, that live in the ecosystems surrounding them
are examples of ecosystem services ~ goods that nature provides without
charge if we maintain sufficiently the integrity of the ecosystems that sup-
port them. In the light of this awareness, growing numbers of people will
find ways to consume less energy, to recycle their materials, to participate in
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the political process, to promote the acceptance of international under-
standing as a pretequisite for sustainability, and to support others, individ-
ually or in organized groups, who are pursuing these objectives.

For the basic conditions of change must clearly come from within us. A
small minority of the Farth’s residents cannot continue to consume such a
large majority of the Earth’s potentially sustainable productivity. By doing
so, they will untimely destabilize their own future, as well as the futures of
all other people. Population, overconsumption (among others, Schor, 1998,
offers a powerful analysis of overconsumption in America), and the use
of appropriate technology must all be brought into the equation if our
common objective is to achieve a sustainable world in the new millennium,
As Paul Hawken (1993) has put it so well, we need completely new ways of
thinking about our place on Earth and the ways in which we relate to the
functioning of natural systems if we are to find a better way to live in har-
mony with nature. Nothing less than a new industrial revolution {(Hawken,
Lovins, and Lovins, 1999) and a new agriculture (Conway, 1997) are
required to make possible the sustainable world of the future. The task is
incredibly challenging, but it is nonetheless one that we muct undertake if
we responsibly understand the realities of our situation, and for the endur-
ing good of those who come after us. It is also a fundamentally spiritual
task. As Cronon (1935, p. 90) put it, “if wildness can stop being (just} out
there and start being (also) in here, if it can start being as human as it is
natural, then perhaps we can get on with the unending task of struggling 1o
live rightly in the world — not just in the garden, not just in the wilderness,
but in the home that encompasses them both”.

In the words of Gandhi, which are most appropriate as we chart our
course for the new millennium, “the world provides enough to satisly
everyman’s need, but not everyman’s greed”. These words illusirated why
Wilson (1993) was able to conclude that humanity would be able to over-
come its drive to environmental domination and self-propagation with
reason — why, in short, we are not necessatily suicidal in our approach to
the world. In the spirit of Gandhi, one of the greatest leaders of our cen-
tury, let us take his thoughts to heart and find the new inspiration that we
so badly need at this incredibly challenging time. Global arguments may
have little impact on the behavior of individuals unless they perceive the
crisis as unbearably severe, something that impinges on people’s lives in
dramatic and frightening ways. By then it will be too late. Our ethics and
our values must change, and they must change because we come to undes-
stand that by changing we will be happier people, guaranteeing a decent
future for our children on a healthier planet in a more vibrant democracy
in better neighborhoods and communities.
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Many of the world’s life-support systems are deteriorating rapidly and
visibly, and it is clear that in the future our plcmct will be less diverse, less
resilient, and less interesting than it is now; in the face of these trends, the
most important truth is that actual dimensions of that world will dcpmd on
what we do with our many institutions, and with the spiritual dimensions of
our own dedication. Clearly, the opportunities that are available to us now
are very much greater than those contemplated with such joy by those who
gathered in St. Louis in 1904, and the stakes are much higher.
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FRESH WATER IN THE TWENTY-FIRST CENTURY:
A SUSTAINABLE VISION

PETER H. GLEICK

INTRODUCTION

It seems inevitable that humans — barring some unforeseen catastrophe —
will require a larger share of the Earth’s limited renewable fresh water in
the future than we do today. As the new millennium approaches, almost six
billion people use nearly 30 percent of the wosld’s total accessible renew-
able supply of water to grow food, run industries and cities, cool power
plants, and meet other needs for drinking, cleaning, cooking, and playing.
As the world’s population climbs to seven, eight, or nine billion, more and
more water will be required to satisfy basic needs and social, cultural, and
economic desires, This water will come at an increasing financial and eco-
Jogical price.

Perhaps the only certainty for anyone looking ahead is that the future
is uncertain, unpredictable, and complex. But our present predicament — a
consequence of our current policies, technologies, and institutions — is
clear. The world community has failed to meet one of the most basic of
human rights ~ the access to a basic amount of clean water. Today, billions
of people lack access to sufficient water for their most basic of needs. As a
direct consequence, millions of people die every year from a wide range of
water-related diseases. Other severe water problems face us as well. Aquatic
ecosystems and fisheries wortldwide are being degraded and destroyed.
Political disputes are flaring up over water that crosses political borders,
and there is growing national and international competition for water in
water-short regions. Despite increasing interest and concern over these
problems, most of them have been getting worse over the past few decades,
not better. As a result, while our water future can be only dimly seen, there
is ample evidence that we will not like where we appear to be heading.

Decisions made every day about economic policies, technological choices,
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and institutional structures all affect how we use resources to accomplish
desired goals. By explicitly elaborating on what society needs and wants we
can set goals for water use that are both sustainable and achievable. This
paper argues that water is a basic human right guaranteed by international
convention, law, and state practice. A basic water requirement for every
human is proposed to meet this right. The paper also suggests that sustain-
able water use can be both defined and achieved, and that we already have
the tools and policies that can move us in the right direction.

BACKGROUND: WATER IN Crists N THE TweNTIETH CENTURY

A wide range of ecological and human crises result from inadequate
access 1o, and the inappropriate management of, freshwater resources. These
include destruction of aquatic ecosystems and the extinction of species, mil-
lions of deaths from waterrelated illnesses, and a growing risk of regional
and international conflicts over scarce, shared water supplies. As human
populations continue to grow, these problems are likely to become more
frequent and serious. New approaches to long-term water planning and
management that incorporate principles of sustainability and equity are
required. At the most basic level, a human right to water should be
acknowledged by States. By declaring a human right to water and express-
ing the willingness to meet this right for those currently deprived of it, the
world water community would once again place water on the top of the
internatiopal sustainability agenda and would take a major step toward
meeting one of the most vital requirements for human development and
well-being. At a practical level, this paper explicitly explores concepts of
the sustainable use of water. Seven “sustainability criteria” are discussed
here, as part of an effort to reshape long-term water planning and manage-
ment. Among these principles are guaranteed access to a basic amount of
water necessary to maintain human health and to sustain ecosystems, basic
protections for the renewability of water resources, and institutional recom-
mendations for planning, management, and conflict resolution.

The twentieth-century water-development paradigm, which was driven
by an ethic of growth powered by continued expansion of water-supply
infrastructure, has been slowed in most industrialized nations as social
values and political and economic conditions have changed. And while
there have been efforts to extend this traditional development paradigm to
many other parts of the world, massive water projects in developing coun-
tries are increasingly viewed with skepticism.

It the past, the primary goals of water policy were to supportt increas-
ing levels of economic development and to figure out ways of increasing the
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availability of fresh water to meet anticipated demands. Incidental to, or
excluded from, these policies has been consideration of basic human needs,
ecological water requirements, the roles of communities and culture, and
the desires and needs of future generations.

The goal of relying on new supply projects to meet unfimited growth in
demand has produced decidedly mixed results. Much of the concrete water
infrastructure developed over the past 100 years has permitted great expan-
sions of irrigated fand and crop production necessary to feed rapidly growing
populations. Massive utban population growth in most regions has been
enabled by moving huge amounts of water from distant sources to cities. Dev-
astating floods in many countries have been captured, curtailed, and tamed by
flood control projects. The severe impacts of deep droughts are often miti-
gated by large storage systems that permit multi-year carryover of water.

Against these benefits must be weighed the full economic, social, and
environmental costs of such projects and the apparent failure to provide for
the basic water needs of billions of people. A focus on water supply has led
to the neglect of attention to water use, leading in turn to many inefficient
technologies and applications and to inequitable allocations of limited
water supplies.

Perhaps most importantly, traditional approaches to water planning
have neglected the ccological and environmental impacts of projects, both
singular and cumulative. As a result, unanticipated or ignored ecological
impacts have occurred, with sometimes devastating consequences. Among
the kinds of ecological problems encountered are acidification of waters,
unsustainable fisheries management, the wide spread of non-native species,
and a cascade of biological effects from interbasin transfers and dam, reses-
voir, and aqueduct construction. Deforestation, urbanization, and agricul-
tural chemical contamination also adversely affect aquatic systems.

MovinGg Towarp SUsTAINABLE WATER PoLICIES: WATER AS A BASIC
Human Ricrr

Access to a basic water requirement should be considered a fundamen-
tal human right supported by international law, declarations, and approved
state practice. Providing that water should be the most important priority
tor governments, aid agencies, and communities (Gleick, 1999). By declar-
ing a human right to water and expressing the willingness to meet this right
for those currently deprived of it, the world water community would once
again place water on the top of the international sustainability agenda and
would take a major step toward meeting one of the most vital requirements
for human development and well-being,
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The term “right” in this paper is used in the sense of genuine rights
under international law, where there is a duty on States to protect and pro-
mote those rights for an individual, The question of which rights are human
rights has, of course, generated a substantial body of literature, as well as
many organizations and conferences. Far less well explored, however, is the
extent to which environmental rights are either found in, or supported by,
existing human rights treaties, agreements, and declarations.

McCaffrey (1992) and Gleick (1999) tackled the legal backerouad from
the perspective of the UN {and related international law) human rights
framework. Their analyses conclude that international law, international
agreements, and the evidence of the practice of States strongly support the
human right to a basic water reqairement. They both conclude that there is
a right to sufficient water to sustain life and that a State has the due dili-
gence obligation to safeguard those rights as a priority. McCaffrey (1992)
further argues that the devastating consequences of being denied such water
should require that relevant provisions of existing humans rights instruments
“ought to be interpreted broadly, so as to facilitate the implementation of
the right to water as quickly and comprehensively as possible”.

If we accept that there is a human right, to what extent does a State
have an obligation to provide that water — and how much water — to its cit-
izens? The international declarations and formal conference statements sup-
porting a right to water do not directly require that States are responsible for
fulfilling individuals’ water requirements. Rather, States are obliged to pro-
vide the institutional, economic, and social environment necessary to help
individuals to progressively meet those needs. In certain circumstances, how-
ever, individuals are unable to meet basic needs for reasons beyond their
control, including disaster, discrimination, economic impoverishment, age,
or disability. In such cases, the State must provide for basic needs (Gleick,
1996). The concept of a basic water requirement is discussed below.

CONCEPTS OF WATER SUSTAINABILITY

To broaden water policy to include issues of sustainability, a new
debate has now begun, as reflected by the nature of the statements coming
from the 1972 Stockholm Conference on the Environment, the 1977 Mar
del Plata water conference, the 1992 Dublin statement, Chapter 18 of
Agenda 21 from Rio, and more recent missives from the World Bank, the
Global Water Partnership, and others (see Lundqvist and Gleick, 1996).

These statements suggest that incorporating characteristics of sustain-
ability and equity in water planning and policy goals has become a major
policy priority. Despite uncertainty about how best to define sustainability,
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the basic principles require us to place a high value on maintaining the
integrity of water resources and the flora, fauna, and human societies that
have developed around them. And sustainability suggests that the costs and
benefits of water-resource management and development be distributed in
a fair and prudent manner. Together, these goals represent a commitment to
nature and the diverse social groups of the present and future generations.

New Approaches for Susiainable Water Use

Water-resource planning in a democratic society requires more than
simply deciding what project to build next or evaluating which scheme is
the most cost-effective. Planning must provide information that helps the
public to make judgments about which “meeds” and “wants” can and
should be satisfied. Water is now recognized as a common good and com-
munity resource, but it is also used as a private good or economic com-
modity; it is not only a necessity for life but also a recreational resource; it
is imbued with cultural values and plays a part in the social life of our com-
munities. The principles of sustainability and equity can help bridge the gap
between such diverse and competing interests (Gleick, 1998a).

Regional and global water planning must now address such questions
as: how much water is needed to satisfy the domestic use of a family in a
dense urban center or in a rural agricultural community? Should people be
able to use as much water as they can pay for? Under what situations
should water be delivered to farmers at rates below full operating and cap-
ital costs? How much water is needed to maintain ecological systems and
environmental quality and services, and at what level? How much water
should be available and at what quality for the use of future generations?

A set of criteria for guiding water-resource management is presensed
below. These sustainability criteria constitute an ethic that helps prioritize
competing claims over water, The real challenge of this ethic is to define the
specifics. What do sustainability and equity mean when applied in the real
world? What kind of planning practices are consistent with these objectives?

While not all will agree with this specific approach, the direction that is
set out can be used to guide rational and meaningful debate over water-
resource policy. Rather than allowing the overall goals to be determined by
the outcomes of lights among the most powerful and wealthy interest groups,
goals to further a genuine common interest can be forged and real conflicts
can be resolved in a fair and equitable manner based on democratic ideals. In
the absence of democratic dialogue, water-resource development can only
continue down a course plotred decades ago, one that may have been appro-
priate then, but which fails to meet the challenges of the next century.

With respect to water resources, as with many other resources, sustain-
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ability has not been deatly defined, though several recent efforts have made
progress in defining the issues (Koudstaal ez al., 1992; Plate, 1993; Golubev
et al., 1988; Gleick ef al., 1995; Raskin et al., 1995; Gleick, 1998a), Water is
not only essential to sustain life, it also plays an integral role in ecosystem
support, economic development, community well-being, and cultural
values. How are all these values, which sometimes conflict, to be priori-
tized? What is to be sustained? For how long? What are the benefits? Who
are the beneficiaries? In the context of freshwater resources, any discussion
of sustainable development requires that we understand the stocks and
flows of global, regional, and local water resources, and the benefits or serv-
ices that those resources must provide (Gleick ef af, 1993).

The simplest definition of the sustainable use of water would require
the maintenance of a desired flow of benefits to a particular group or place,
undiminished over time, Benefits involve cultural values and issues, and are
a function of the stock of, and the demand for, water, both of which vary
with technology and population. Demands for water include not just what
people “need”, but what they “want”. This latter demand is potentially
much larger than minimum basic needs (Gleick, 1996), described below.
This simple definition of sustainability, however, would permit maintaining
benefits to one user group at the expense of another user group. A better
definition would incorporate the requirement that benefits to all current
users be maintained, without reducing benefits to other users, including
natural ecosystems. This definition is flawed too, by excluding explicit
rights for future generations or growing populations.

Further refinement requires that the sustainability of current benefits be
maintained without affecting the ability to provide comparable benefits into
the future. The desired set of benefits provided by a resource does not have to
be, and is unlikely to be, the same across different users or periods of time.
Indeed, desired benefits of water use vary widely given political, religious, cul-
tural, and technological differences. But in any realistic discussion of sustain-
ability, the benefits to be provided must be explicitly evaluated. Benefits of
water use can be sub-divided in several ways: by form or sector of use, such as
domestic, agricultural, industrial, and ecosystem use; or by the well-being pro-
vided by use, such as economic wealth, human and ecological health, level of
satisfaction, and so on. Sophisticated measures of well-being are often difficult
to quantify but provide a more complete view of the consequences of resource
use than the traditional measures of simple quantities of per-capita use.

Unsustainability of Water Resources

Gaining an understanding of the sustainable use of water can also be
approached by understanding what constitutes an “unsustainable” use of
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water. Using the definitions above, water use is unsustainable if the services
provided by water resousces and ecosystems, and desired by society, dimin-
ish over time. Equity also requires that a reduction of services over time to
one user group be declared “unsustainable” even if other users are able to
maintain their desired services. It should be noted, however, than inequities
by themselves are not unsustainable — fronically, many inequities in resource
allocation and use can be maintained for indefinite periods of time.

Unsustainable water use can develop in two ways: (1) through alter-
ations in the stocks and flows of water that change its availability in space
or time; and (2) through alterations in the demand for the benefits provided
by a resource, because of changing standards of living, technology, popula-
tion levels, or societal mores.

Water availability is affected by both natural and anthropogenic factors,
including climatic variability and change, population growth that reduces
per-capita water availability, contamination that reduces “usable” water sup-
plies, physical overuse of a stock, such as groundwater overdraft, and tech-
nological factors. Similatly, demands for water are not constant; they
increase with growing populations, change as social values and preferences
change, and increase or decrease with technological innovation and change.

Two problems deserve special attention: increasing populations and
changing technology: the first leads to both decreasing per-capita water
availability and increasing overall demand; the second affects both water
supply and demand. Assuming constant levels of total water availability,
increasing populations lead directly to decreasing per-capita water availabil-
ity and pressures on the levels of benefits or the mix of benefits that water
provides. Ultimately, valimited population growth must lead to decreasing
water availability, the reallocations of water from one user or sector to
another, the unsustainable “mining” of non-renewable stocks of water, and,
in the end, decteasing overall benefits.

Technological developments can alter water availability, and can affect
the amount of water required to satisly demands. In theory, practically
unlimited quantities of fresh water are available by mining water currently
trapped in glacicrs and icecaps, or on an even larger scale, through the mass
desalination of seawater. In practice, however, increases in overall water
supply should occur only where the value of water exceeds the economic
and environmental costs of supplying that water.

Similarly, changes in technology can increase or decrease the amount of
water required to supply a particular societal benefit, If technological devel-
opment proceeds independently of water constraints, a new technology to
supply energy, for example, may require more water than previous alterna-
tives. If water resources are constrained, technology can be manipulated to
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reduce overall water requirements in the same way that energy efficiency
technologies reduce energy needs without sacrificing the desired benefit.

Finally, truly sustainable water use must involve the management of the
distribution of water in space and time, Social systems — i.e., institutions —
to control water resources must be capable of coping with changes in
supply and demand and in responding to varying priorities of water use
under different conditions.

A FRAMEWORE FOR SUSTAINABLE WATER MANAGEMENT AND Usk

Gleick ez al. (1995) offer a working definition of sustainable water;

the use of water that supports the ability of human society to endure and

flourish into the indefinite future without undermining the integrity of

the hydrological cycle or the ecological systems that depend on it.

This definition provides an overarching framework by which decisions
about human water use can be judged. To make decisions about how to
allocate and use water resources, however, more detailed goals and criteria
need to be identified. Explicit criteria and goals that lay out human and
environmental priorities for water use are presented in Table 1.

Table 1. Sustainability Criteria for Water Planning.

A basic water requirement will be guaranteed to all humans to main-
tain human health.

A basic water requirement will be guaranteed to restore and maintain
the health of ecosystems.

Water quality will be maintained to meet certain minimum standards.

These standards will vary depending on location and how the water is
to be used.

Human actions will not impair the long-term renewability of freshwa-
ter stocks and flows.

Data on water resources availability, use, and quality will be collected
and made accessible to all parties.

Institutional mechanisms will be set up to prevent and resolve con-
flicts over water.

Water planning and decision-making will be democratic.
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The criteria and goals of Table 1 are the result of considerable dialogue
and analysis with academic, governmental, and non-governmental interests
working on regional, national, and international water problems. They are
not, by themselves, recommendations for actions; rather they are endpoints
for policy — they lay out specific societal goals that could, or should, be
attained. In particular, these criteria provide the basis for alternative
“visions” for future water management and can offer some guidance for
legislative and non-governmental actions in the future (Gleick es 4/, 1995).
In contrast, without specific criteria to guide planning, unsustainable water
policies are inevitable.

Policy discussions must inevitably turn to identifying how much water is
required to satisfy these priovities and which of the many economic, techni-
cal, educational, and regulatory means that are available should be pursued.
While debate on how to attain these goals is unavoidable and desirable,
having a set of clear targets will help focus the ultimate policy decisions.

Craterion 1. Meeting Basic Human Water Requirements

The first criterfon listed above sets as a primary goal the provision of a
basic amount of water for meeting the essential needs of humans. This ele-
mentaty goal, common to many different interpretations of sustainability
over the past few years, was raised in “basic needs” requirements of the
1977 Mar del Plata statement, restated in the United Nations Agenda 21,
which explicitly recognized the standing of both humans and ecosystems,
and is part of the compact for human development described in the 1994
United Nations Development Programme (UNDP) Human Development
Report. For humans, insufficient access to potable water is the direct cause
of millions of unnecessary deaths every year. The provision of a certain
amount of fresh water to support the human metabolism and to maintain
human health should be a guaranteed commitment on the part of govern-
ments and water providers.

A true minimum can only be defined for maintaining human or eco-
logical survival. For humans, this amount is approximately five liters per
person per day under average climatic conditions and levels of activity,
Additional basic needs have been quantified, howeves, for providing sanita-
tion services, preparing food, and bathing. Gleick (1996) recommends that
a “basic water requirement (BWR)” standard be developed to satisly these
needs, and argues that an appropriate standard based on physiological, cul-
tural, soctal, and technical factors is 50 liters per person per day of clean
water {Table 2). No legal or institutional mechanisms exist, however, to
guarantee even this basic requirement to present and future generations.
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The first sustainability criterion, therefore, guarantees access to this basic
water requirement to meet the fundamental domestic needs of people.

Table 2. Basic Water Requivements for Human Needs ().

Recommended Basic
Pwpose {tivers per person per day)
Drinking Water (®) 5
Sanitation Services 20
Bathing 15
Food Preparation 10

() Excluding water required to grow food.
) This is a true minimum to sustain life in.

Criterion 2. Meeting Basic Environmental Water Reguirenents

‘The second of the criterion listed above requires a minimum amount of
water be guaranteed to meet the essential needs of natural ecosystems. This
goal was also supported as part of the “basic needs” requirements of
Agenda 21 of the United Nations (UN, 1992). Some limited efforts have
been made to set minimuin requirements for certain threatened or high-pri-
ority ecosystems, but few criteria have been set, particularly in the develop-
ing world. _

In part because of the lack of clearly defined legal water rights, many
aguatic ecosystems and individual species have become severely threatened
or endangered. The recent disasters to befall the natural fisheries of Lake
Victoria and the Aral Sca are but two examples. Overall, more than 700
species of fish have been zccogmi/cd by international organizations as
threatened or endangered. In just the last couple of years, many more have
been added to the list bccaus(, of i mczcafsmg pressures on water resources,
including several anadromous species. Anadromous fisheries, in par [ICUlai,
are extremely vulnerable to changes in water supply and quality and to
modifications in habitat {Covich, 1993; Nash, 1993; NRC, 1996).

While efforts are being made to 1denufy basic ecosystem water Jequnc-
ments, there is little agreement about minimum water needs for the envi-
ronment and few legal guarantees for environmental water have been set.
The ecosystems for which water is necessary include both natural ecosys-
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tems where there is a minimuim of human interfesence and ecosystems that
are already highly managed by humans. Societal decisions will have to be
made regarding the degree to which these ecosystems should be maintained
or restored and the indicators by which to measure their health, Examples
of such decisions include identifying stretches of undisturbed rivers to pre-
serve, establishing minimum flow requirements, reallocating wates from
major water projects to the environment, and developing standards to pro-
tect wetlands and riparian habitats. Protecting natural aquatic ecosystems is
not only vital for maintaining environmental health, but there are important
feedbacks between these systems and both water quality and availability as
well. Two examples of the new focus on ecosystem water needs are the
recent decision to place a cap on further development and diversions in the
Murray-Darling river system in Australia (MDBMC, 1996) and the com-
plete revision of South African water law to include water for ecosystems as
a fundamental priority (MWAE 1996; Gleick, 1998b).

Ultimately, allocations of water for the basic needs of ecosystems will
have to be made on a flexible basis, accounting for climatic variability, sea-
sonal fluctuations, human needs, and other factors. Management will have
to follow an adaptive model where decisions are to be reviewed frequently
based on the latest information and special efforts are made to avoid
irreversible environmental consequences. More intelligent water resources
management will be necessary to sustain our aquatic biological resources.
In particular, we must maintain adequate water quantities and qualities for
natural habitats, minimize alterations of natural ecosystem processes and
losses of biodiversity and integrity, and preserve remaining natural freshwa-
ter habitats with high biodiversity and many endemic species.

Criterion 3. Water Quality Standards

Different uses require water of differing qualities. As a result, water-
quality standards for different purposes must be developed and water qual-
ity must be monitored and maintained to meet these standards. Water in
most developed countries is protected from contamination by national reg-
ulations (World Health Organization, 1984; United States Environmental
Protection Agency, 1992; Minister of National Health and Welfare, 1992),
These water-quality standards are supposed to ensure that potable water is
reasonably free from contaminants known to affect human health, In many
parts of the developing world, however, even minimal water quality stan-
dards are not in place, leading to widespread cases of waterborne diseases.
Lack of sufficient, clean drinking water and sanitation services leads to
many hundreds of millions of cases of water-related diseases and between
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five to ten million deaths annually, primarily of small children (Table 3}
(Nash, 1993; WO, 1995; Warner, 1995).

Water used for non-human consumption need not be protected to the
drinking water standards. For example, water used for many industrial,
commercial, or landscaping purposes could be protected to a lower stan-
dard, with substantial economic savings. Similar water quality criteria need
to be developed for ecological water requirements. Substantial effort should
go into identifying these differences and developing ways of meeting vari-
ous demands with water at appropriate levels of quality.

Table 3. Estimates of Global Morbidity and Mortality of Water-Related Diseases.

Disease

Morbidity (episodes/year)

Mowtality (deaths/year)

Diarrhoeal Diseases
Intestinal Helminths
Schistosomiasis
Dracunculiasis
Trachoma

Malaria

Dengue Fever
Poliomyelitis
Trypanosomiasis
Bancroftian Filariasis

Onchocerciasis

1,000,G00,000
1,5G0,000,000 (people)
200,000,000 {people)
100,000 {people infected)
150,000,000 (active cases)
400,000,000

1,750,000

114

275

72,800,000 {people)
17,700,000 (people)

3,300,000
100
200

1,500,000
20

130

40,000 (mortality caused)

Source: WO, 1995.

Criterion 4. Renewability of Water Resources

Freshwater resources typically are considered renewable: they can be
used in a manner that does not affect the long-term availability of the same
resource. Renewable freshwater resources can be made non-renewable by
mismanagement of watersheds, overpumping of groundwater, land subsi-
dence, and aquifer contamination, Water policy should explicitly protect
against these irreversible activities.

Groundwater stocks are renewable on timelines that depend upon the
rate of inflow of water, the rate of withdrawals of water, and the geophysi-
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cal characteristics of the aquifer. In some instances, overpumping of
groundwater — the extraction of groundwater at a rate that exceeds the rate
of natural recharge ~ can continue for some time with no adverse conse-
quences If the aquifer is recharged during wet periods. Thus, a short-term
non-renewable use may still be compatible with long-teem renewability.

In regions where groundwater rechatge rates are extremely low, such as
in many arid and semi-arid regions, overpumping of groundwater is unsus-
tainable and represents a one-time use of a resource stock — the same as
pumping oil out of the ground. Eventually, the costs of taking out addi-
tional cubic meters of water will exceed their economic value to the user.
This kind of water use is going on in several regions of the world (Table 4),
including Saudi Arabia, Yemen, India, parts of the western U.S,, and north-
eastern China, to mention only a few of the major problem areas.

Table 4. Heavily Exploited Aquifers of the World.

Awverage Annal Average Annwal
Region Agquifer Recharge (b fyr) Use (o fyr)
Alegeria/Tunisia Saharan basin 0.58 0.74
Saudi Arabia Sag 0.3 1.43
China Hebei Plain 35 19
Canary Islands Tenerife 0.22 0.22
Gaza Strip Coastal 031 0.50
United States Ogallala 6o 8 22.2
United States selected Arizona 0.37 3.78

Source: Margat, 1996,

Some forms of groundwater pumping may lead to the irreversible
decline in the ability of a region to store water in the ground. Even where
overpumping during dry periods may, in theory, be replenished by rainfall
during wet periods, geophysical characteristics may prevent this in practice.
FExcessive groundwater pumping in parts of the Central Valley of California,
for example, has led to land subsidence, which reduces the ability of wet
years to fully recharge groundwater aquifers, Estimates are that California’s
Central Valley has lost over 24 billion cubic meters of storage capacity owing
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to compaction of over-exploited groundwater aquifers (Bertoldi, 1992), To
put this loss in perspective, the entire storage capacity of all constructed
reserveirs in the state is under 60 billion cubic meters (DWR, 1998). Over-
pumping of ground water in coastal aquifers can also lead to irreversible
and unsustainable effects, including salt water intrusion and the ultimate
contamination of the entire groundwater stock.

Surface waters can also be contaminated or lost through watershed
mismanagement. For example, animal grazing or excessive human use at
high elevations can lead to fecal contamination of surface runoff in moun-
tain streams. Urbanization can lead to storm runoff that is lost to sewers
rather than feeding streams or recharging groundwater. Water managers
and land-use planners must coordinate whenever these kinds of land-use
decisions can lead to irreversible changes in the hydrological cycle.

Criterion 5. Data Collection and Availability

If water planning and management are to be democratic and effective,
data on all aspects of the water cycle must be collected and made available
in an unrestricted manner. At present, data on many aspects of regional and
national water supply and use are not collected and when they are, are not
widely available. At the extreme, some national governments continue to
classify basic water data for so-called security reasons. This is unjustified
and greatly inhibits effective water planning and management.

Substantial data gaps exist on the condition of different groundwater
basins, extraction amounts, current pumping practices, and recharge rates,
Similarly, water-use information is sketchy or site-specific, making actions
for increasing efficiency or improving conservation programs hard to plan
and implement. Information should be produced in reasonable time with
reasonable resources, and it should be freely and widely shared.

Recent advances in electronic communications tnakes sharing resource
information easy and inexpensive. In particular, Internet resources related
to water are growing at a phenomenal rate, and many sources of informa-
tion are already frecly available (see, for example, www.worldwater,org).
This trend should be encouraged and expanded.

Criteria 6 and 7. Institutions, Management, and Conflict Resolution

Criteria for sustainability must include more than biological or physical
characteristics. They must also provide guidance for the institutions that are
to resolve conflicts over water and deal with the unavoidable uncertainties
and risks in decision making. The greatest debates over water in the past
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several decades have focused on how to reach particular goals. The water
debate must now be broadened to address the means by which these goals
arc set. Accordingly, sustainability criteria must also apply to water-resources
managentent, particulasly to ensure democratic representation of all affected
parties in decision making, open and equitable access to information on the
resources, and the options for allocating those resources.

Water planning and decision-making in many regions is limited to a
narrow range of professionals trained in engineering, agriculture, and the
hydrological sciences. The power of these groups remains significantly
greater than that of rural interests, religious or ethnic minority groups, envi-
ronmental groups, academics, and other users. Mechanisms to broaden
their participation are needed. Ways must be found to incorporate and pro-
tect the interests of future generations — a fundamental criterion of sustain-
ability as defined by the United Nations in Agenda 21 (UN, 1992).

In addition to mechanisms to broaden participation, institutional mech-
anisms need to be set up to prevent and resolve conflicts over water. There
is a long history of conflict over shared water resources, described in detail
in Gleick {1998b). Nearly half of the land area of the carth is part of an
international river basin and more than 260 nations share water with a
neighboring country. Although a wide range of tools for resolving water djs-
putes already exist, their effectiveness varies greatly depending on the fssuc
and the extent of political manipulation and interference. The most effec-
tive approach is specific treaties among river basin nations allocating water,
setting up management oversight, and developing acceptable standards for
operations and water quality. Unfortunately, few of the world’s international
rivers have such treaties, and many of the existing ones inadequately address
cither current or future problems (Wolf, 1997).

Another approach ~ the development of general international princi-
ples — has also been tried, with limited success. The International Law
Commission has worked for many yeass to define such principles, and while
much progress has been made, the application of these principles to solving
specific regional conflicts has had very limited success (McCaffrey, 1993).
Future institutions and efforts to settle the problems posed by international
rivers must be open and democratic, and must resolve conflicts over water
in an equitable, prudent, and fair manner.

Perhaps the greatest flaw with many water institutions is their failure to
adequately address issues of equity. Equity is a measure of the fairness of
both the distribution of positive and negative outcomes as well as the
process used to arrive at particular social decisions. The sustainability goals
in Table 1 explicitly incorporate institutional criteria for participation and
conflict resolution so as to ensure at least a degree of procedural equity nec-
essary for sustainability.
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Some would argue that sustainability should be defined narrowly so
that questions of equity are excluded. But from this perspective, sustain-
ability could be achieved under otherwise morally reprehensible conditions.
For example, the terrible health conditions in many parts of the world tied
to inadequate water supplies (Table 3}, are certainly “sustainable”, but no
ethical argument can be made for sustaining them. Similarly, higher rates of
species extinction may be tolerated for some time, but the moral implica-
tions of failing to slow them must be addressed. Questions of equity over-
lap with sustainability when trying to determine what is to be sustained, for
whom it Is to be sustained, and who decides. In general, great disparities in
wealth, inequities in power between women and men, and discrimination
based on race, ethnicity, or age can lead to conflicts that undermine
attempts to achieve sustainability. Thus, a fair political process is itself a
necessary component of sustainability,

SuMMARY AND CONCLUSIONS

A communications and information revolution is sweeping the globe.
There is renewed interest in reaching out to outer space. International
financial markets and industries are increasingly integrated and connected.
And efforts are being made to ensure regional and global security. In the
context of these exciting human developments, our inability to provide the
most basic water needs of billions of people may be remembered as the
twentieth century’s greatest failure.

It is time to declare that access to the most basic water requirements is
a human right, protected by international law, declarations of governments
and international organizations, and normal state practices. The right to
water sufficient to meet basic needs should be an obligation of governments,
water management institutions, or local communities. While in some regions,
governmental intervention may be necessary to provide for basic water needs,
many areas will be able to use traditional water providers, municipal systems,
or private purveyors within the context of market approaches. Unfortunately,
there are many reasons why governments or water providers may be unable
to provide this amount of water, including rapid population growth or
migration, the economic cost of water-supply infrastructure in regions where
capital is scarce, inadequate human resources and training, and even simple
political incompetence. Nevertheless, faiture to provide this basic need is a
major human tragedy. Preventing that tragedy should be a major priority for
local, national, and international groups.
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The sustainability criteria presented provide a framework for prioritiz-
ing competing interests and for making decisions about filture water use
and management, The first two criteria require that we identify and meet
basic allocations for humans and ecosystems, which are to be satisfied
before other demands. In this respect, the approach described above
defines criteria for “basic needs” as recommended by Agenda 21 of the
United Nations. This paper presents the concept of a basic water require-
ment (BWR} for human domestic needs and recommends that a BWR for
drinking, basic sanitation services, human hygiene, and food preparation be
guaranteed to all humans as a fundamental human right. The work of inter-
national organizations, United Nations agencies, and individual researchers
suggest that this right can be explicitly quantified at around 50 liters per
person per day.

Hundreds of millions of people, especially in developing countries,
cutrently lack access to this BWR, and this causes enormous human suffes-
ing and tragedy. Furthermore, rapid population growth and inadequate
efforts to improve access to water ensure that this problem will grow worse
in some areas before it grows better. This problem should be a far higher
priority for governments, water providers, and international aid organiza-
tions than it appears to be.

The sustainability criteria not only set out quantity and quality require-
ments, but they also provide some institutional guidance. It is easier to
agree and quantify minimum standards for human health, which has some
biophysical basis, than it is to determine how much water should be allo-
cated for irrigation or for industrial use, but these decisions need to be
made as well. In allocating water to these other demands, planners must
move beyond simple economics and incorporate concepts such as effi-
clency, equity, and participatory democracy as well,

The sustainability criteria are not meant to be all encompassing. They
help answer only certain questions for public policy and planning. Neverthe
less they can provide a strong set of guidelines for positive action. Ultimately,
until discussions about the sustainable use of water become an integral part
of long-term water planning, the world will be faced with continued unsus-
tainable water use and threats to both human and ecological survival,
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NITROGEN AND THE FUTURE OF WORLD
AGRICULTURE

CRODOWALDO PAVAN and JOHANNA DOBEREINER

“The human species is biologically an extraordinary success, precisely
because its culture can change ever so much faster than its gene pool, This
is the reason cultural evolution has become adaptively the most potent
extension of biological evolution. For at least 10,000 and perhaps 1,000,000
yeats man has been adapting his environment to his genes more often than
his genes to his environment”. (Dobzhansky, 1962).

With these qualities, Homo sapzens has turned out to be the most influen-
tial species in the development and harmony of the biosphere, the environ-
ment which all species (Homo sapiens included) depend on for their survival,

In reality, instead of “the development and harmony” mentioned above,
and in full respect and admiration for the achievement produced by our
species, it would be more appropriate, in this case, to mention the “devel-
opment and exploitation” of the biosphere, as revealed by the following
statement of Raven (1998} “Human populations, having grown from fewer
than 1 billion people at the start of the Industrial Revolution, or 2.5 billion
in 1950, to nearly 6 billion today, are estimated to be consuming or wasting
directly or inditectly approximately 45 percent of the total net terrvestrial
productivity — the total energy that enters biological systems on land, as a
result of the activities of an estimated 300,000 species of photosynthetic
organisms”.

In other words, a single species, among more than 20 million others,
uses for its convenience 45% of the total net terrvestrial productivity, caus-
ing many problems as stated in the invitation we each received to partici-
pate in this study-week: “The world is facing major threats resulting from
expansion of human activities, among them deterioration of the environ-
ment, depletion of natural resources, and destabilisation of economies and
social order”.
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The important point here is that these facts are well known by a great
number of enlightened people all over the world. This has resulted in many
discussions, published papers, recommendations and resolutions being sub-
mitted by the population to governmental and sopragovernmental agencies.
Unfortunately, however, very little is being done to correct or even to mod-
erate the negative effect being imposed on the Earth’s biosphere by the
“superior” species.

Let us turn to the main subject of our talk, the role of nitrogen com-
pounds in the biosphere. We shall mainly discuss food production, which
presently is one important way by which certain nitrogen compounds enter
into the biosphere in excessive amounts causing ecological troubles which
should be highlighted, discussed and, of course, corrected whenever possible.

Food is one of the essential components for the maintenance of any
living organism. Primitive humans obtained food by the process of hunter-
gatherers following the general and natural rules of all wild animals, with
some mental advaniages over the other species. Evolving culturally, the
human species passed through a herdsman or nomad stage before reaching
what we call civilisation.

For about ten thousand yeats after the farming stage, it had a rather
continuous and slow development and progress, with evident changes in
the biosphere, which did not amount to anything that would cause much
concern, With the advances of the so-called Industrial Revolution starting
about 250 years ago, food production among other similar human activities
started to be very rapid and more aggressive towards the environment,
causing deep concern about the problems created for future generations.

In the years fifties and sixties, with the support of the Rockfeller Foun-
dation, the Ford Foundation and several agencies and governments, a proj-
ect was developed to improve cereal crop production. This resulted in what
was called the Green Revolution, which from the outset was successful as a
method to increase food production, as was well demonstrated in Mexico
and India, between 1950 and 1970. However, the methods involved the
abundant use of fertilisers, pesticides, herbicides and suitable machinery,
causing at least two important problems. One was ccological; the excessive
use of fertilisers and pesticides, which is a normal practice in agticalture
today, which produces pollutant effects in the ecosystems with serious con-
sequences; The other effect of social consequence was properly described
by Raven and Johnson (1992): “The Green Revolution has resulted in
increased food production in many parts of the world through the use of
improved crop strains. These strains often depend on increased inputs of
fertilisers, water, pesticides and herbicides, as well as the greater use of
machinery, means that are not normally available to the poor”.
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The negative effect caused by the excess of nitrogen and phosphorus fer-
tilisers introduced into the biosphere over a great part of the globe over the
last decades, and discussed by many authors, prompted the Ecological Soci-
ety of America to organise two panels of scientists to analyse the problem and
present it to the public. This resulted in four publications: Vitousek PM. et
al. (1997, 1997a), Huwan Alteration of the Global Nitrogen Cycle: Causes and
Conseguences; and Carpenter S. et al. {1998), Nonpoint Pollution of Surface
Waters with Phosphorus and Nitrogen.! The main concern of those documents
is the excess of phosphorus and nitrogen delivered into the biosphere by
human activities, mainly into the aquatic ecosystem, causing serious long-term
environmental consequences for large regions of the planet.

The statements and the conclusions of these documents are of great
importance and interest and are being circulated among interested scien-
tists, governments and the public in general. Such groups should obtain the
support of governmental agencies, philanthropic organisations and the gen-
eral public, so that serious efforts can be made to correct this devastating
situation which compromises the future of our species.

Although other agents and human activities play important roles in the
increase of the amount of certain phosphorus and nitrogen compounds in
the biosphere, as well stated in these documents, it seems that food pro-
duction practices are principally responsible for this at the present time.
One of the causes of the pollutant effect of fertiliser is that in the normal
procedure for the use of industrial fertiliser in a crop plantation, the granu-
lated solid fertilisers are distributed at random in the soil and the recom-
mendation is that the quantity to be used should be the double of the one
that the plant can absotb. The explained reason is that the ramified roots of
the plants do not occupy the entire volume of soil available so that the rec-
ommended excess is to permit the plant to take sufficient fertiliser. Another
cause is that during the time the fertiliser is in the soil, it is partly washed
by itrigation or rain and transported to the aquatic system of the biosphere.
The excess not absorbed hy the plants continues to be washed after harvest
and what is not washed away may be used either by wild plants or the next
season’s crop. Another habit that helps to increase the extra amount of
these pollutant fertilisers in the soil is the belief of many farmers, especially
the economically more prosperous ones, that the more fertiliser you use, the
better will be the harvest. For this reason the amount used is often far in
excess of the needs of the plants and the pollution is correspondingly

! These two panels 01‘g¢miscd by ESA are in reality new versions of a similar panel “Biologi-
cal Nitrogen Fixation” organised by the US National Researcly Council, chaired by Prof. I° Hardy
and published in 1996 (Hardy, 1996) as will be discussed later.
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increased. A small part of the nitrogen fertiliser not used by the plants is
converted into atmospheric nitrogen through a process of denitrification by
the soil’s bacteria.

Let us examine some important information provided by the report of
the panels mentioned above {Carpenter et af., 1998): “Between 1950 and
1995 about 600 million metric tons of phosphorus fertiliser was applied to
the Earth’s surface, primarily on croplands”. After an analysis of what hap-
pened to the fertiliser, the plant and the crop, the finding is that, in that
period, about 350 million metric tons, or roughly half of this phosphorus,
has accumulated in the world croplands representing an average of 25%
increase in the phosphorus content of agricultural soil, which corresponds
to an average accumulation of 22 kilograms of surplus phosphorus per
hectare each year. Part of this phosphorus in the croplands of the USA is
washed and taken to large areas of lakes and reservoirs, destroying the bio-
logical equilibrium.

A similar or even worse situation occurs in relation to the release of
nitrogen into the biosphere as seen in the results of the Vitousek er 4l
(1997) panel: “In fact, humans have already doubled the rate of nitrogen
entering the land-based nitrogen cycle and that rate is continuing to climb”.
Or another statement: “During the past century, human activities clearly
have accelerated the rate of nitrogen fixation on land, effectively doubling
the annual transfer of nitrogen from the vast but unavailable atmospheric
pool to the biologically available forms. The major sources of this enhanced
supply include industrial processes that produce nitrogen fertilisers, the
combustion of fossil fuels and the cultivation of soybeans, peas and crops
that host symbiotic nitrogen-fixing bacteria”.

Another phrase of interest is: “The amount of industrially fixed nitro-
gen applied to crops during the decade from 1980 to 1990 more than
equated all industrial fertiliser applied previously in human history”.

Both reports make it clear that if these errors are not cosrected the
benefits derived from the prevailing situation will far from compensate,
practically and morally, the burdens being placed on the future generations.

To heat up our discussion, letus mention another alarming phrase used
by Vitousek ef 2l (1997): “One study predicts that by the year 2020 global
production of nitrogen fertiliser will increase from the current level of
about 80 Tg? to 134 Tg per year”. It is of interest to remember that in 1950
the global production was 3 Tg.

2 Tg = Teragram, the standard unit of measurement for analysing the global nitrogen cycle
and corresponds to one million metric tons or simply one miflion tens of nitrogen.
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In both panels, the role of the excess of fertiliser and the products
thrown into the biosphere are discussed, the negative results are well
explained and the conclusion is that things must be changed if we want to
secure an acceptable future for our species.

The process of food production by the present main sources is far from
being able to provide sustainable development. The problem involves one
of the most important activities of the human species, the food production
essential for the species, whose present level will have to be increased in the
future for two basic reasons: the increase in the population size and the no
Jess important need for more food to satisfy the demands which will be
made by the expected increase in the social level of at least 80% of world
population.

There are many things to be done to correct these anomalous situa-
tions; we will deal in this talk with the possible substitution of the total, or
at least partial, quantity of industrial nitrogen fertilisers by the bacterial bio-
logical nitrogen fixation (BNF), which is not a pollutant in nature.

This was also part of the programs organised by governmental Ameri-
can agencies in 1979. In that year, after the United Nations Conference on
Science Technology for Development (UNCSTD), the US government,
through its Agency for International Development (AID), initiated a series
of programs on co-operation and training with developing countries. In at
least three of these programs, projects on BNF were included.

In 1992 the US National Research Council appointed a panel to evalu-
ate the contribution of the USAID supported BNF research conducted
under these programs. We reproduce here a few of the suggestions and
conclusions that are of important interest for the purpose of the present
discussion:

a) “The panel concluded that expanded use of biological nitrogen fixa-
tion is equally critical to future crop and tree production in both developed
and developing countries” and “accordingly, a major part of the report pro-
vided justification for expanding investments in BNF around the world”.

b) “Growing concerns about the environment, energy, nutrition and
agricultural sustainability make the need for BNF rescarch even more com-
pelling”.

¢} “Cleatly, it is not realistic to consider sustainable agticulture on a
broad scale in the absence of BNF; research is needed to optimize the con-
tribution of BNF to sustainable agriculture”.

The chapter entitled “Recommendation” begins with the following;

d) “Tnvestment in Biological Nitrogen Fixation Research. Biological
nitrogen fixation continues to be a high-priotity research area, with expand-
ing focus both for the developed and developing countries. There is a need
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to relieve the more than $20 billion (and growing) cost of fertiliser nitrogen
and its substantial environmental damage, coupled with the expanding
requirement for food and the desire for more sustainable agriculture and
forestry. These dictate research investment in BNF in the 1990s that is even
more urgent than in the 1970s and 1980s. Research to expand our knowl-
edge of nitrogen fixation and develop economic applications and manage-
ment system for developed and developing countries must be pursued”.
Hardy 1996 and 1993,

Further arguments favouring a better use of BNF for agriculture are
based on the discovery of the so-called endophytic nitrogen fixing bacteria
in non legume plants. This new phase in microbiology started with the
rediscovery of the genus Azospirilum by Débereiner and Day (1975), a bac-
teria that they found living in the interior of gramineous plants. This was a
completely new system, related to the well known nitrogen fixing bacteria
that live in legume plants. For reviews see Boddey 1987 and 1995 and
James and Olivares 1997.

A few years later, the introduction of a new method facilitated the iso-
lation of nitrogen fixing bacteria through the use of the semi-solid malate
medium, therely initiating an explosive phase of discoveries in the associa-
tion of plants and nitrogen fixing bacteria, not only in Gramineae but also
in a great number of other Monocotyledonous and Dicotiledonous families
of plants. This was recorded historically in Débereiner ef al 1995.

The fact that these bacteria are able to fix nitrogen is of great interest.
Of no less importance is the fact that some of them, the obligate endophytes,
ate able to live in the interior of plants and colonise their tissues. This is
done without apparently causing any adverse symptoms which would indi-
cate a disease or a disturbance of the normal function of the plant.

Presently, the nitrogen fixing bacteria, which associate with plants, are
of three categories: 1) rhizosphere, or bacteria that colonise the root sus-
face; 2) facultative endophytes, which colonise the surface and the interior
of the roots; 3) obligate endophytes, which colonise the root interior and
the aerial tissues of the plants (Baldani e# #f., 1997).

The gramineac are the plants most frequently assoctated with nitrogen
fixing bacteria (Boddey R.M., 1987; James E.K. and Olivares EL., 1997). To
this family belongs maize, wheat, rice and sugarcane, along with several pasture
grasses, all of them important food crops whose production consumes large
quantities of industrial nitrogen fertilisers. All these plants show some associa-
tion with endophytic nitrogen fixing bacteria and in laboratory experiments
some show the ability to utilise the nitrogen fixed by the bacteria.

At the moment, there is no general evidence of endosymbiosis of the
endophitic bacteria inside the plant cytoplasm. However, the fact that the
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plant can use, under special conditions, nitrogen fixed by its associated bac-
teria is a positive indication that this system can be improved and adopted.

Recent work at the International Rice Research Institute (IRRI) in the
Philippines and at Embrapa-Agrobiologia near Rio de Janeiro has shown
that some varieties of wetland rice can obtain up to 20 or 25% of their N
requirement from N2 fixation. Several species of N2-fixing bacterta have
been found in the rhizosphere of this crop, but the roots and stems have
also been found to be colonised by high numbers endophytic diazotrophs
of the genera herbaspiriftum and burkholderia.

In the case of sugar cane, in 15N studies carried out at Embrapa-Agro-
biologia some cane varicties were found able to obtain over 60% of their N
from N2 fixation (Urquiaga et al., 1992} and these results have been con-
firmed by 15N natural abundance studies under ficld conditions. In this
crop several species of endophytic diazotroph including acetobacter dia-
zotrophicus, herbaspisillum and burkholderia have also been found in high
numbers within plant tissues (Yoneyama et al., 1997)

However, in both cases research has not yet revealed whether the
observe N2 fixation is specifically associated with any one species of these
bacteria, or whether more than one species work together to contribute to
this activity, For this reason, as yet the association of the diazotrophs with
these crops cannot be described as a “symbiosis” as the partners are not
defined and no specific symbiotic structures have been revealed.

T roOLE OF BNF v BIOFUEL PRODUCTION

Trees and tropical grasses are regarded as the highest biomass yields
per ha. In the case of sugar cane the sugar produced can be converted at
low cost to ethanol and this makes it a most attractive source of biofuel.

In Brazil, cane breeding was conducted on low-N soils and without N fer-
tiliser which evidently favoured BNF inputs such that Brazilian varieties can
produce high cane yields with only inputs of N fertiliser. This is crucial to bio-
fuel production as N fertiliser is produced from fossil fuels (natural gas), and
if very large amounts are added to the crop, more fossil energy is required to
produce the alcohol than is obtained from it when it is used as fuel (Boddey,
1995), Brazil manages to add 20% ethanol in all its gasoline and run approxi-
mately 3 million cars on pure alcohol from this source, while using only 4 mil-
lion hectares of agricultural land (8% of Brazil's cropped area).

Another fact of interest is the versatility of the genotype in the
gramincae family. Considering the family in terms of the number of indi-
viduals and the large area of the earth’s susface which it dominates including
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praitics, steppes, savannahs, pampas and paramos, it is evident that the geno-
type permits the gramineae to be one of the earth’s most abundant families
of vascular plants. Further search will, in all probability, reveal a strain
which possesses the desired association and provide the key for solving the
problem of an endosymbiosis, or its equivalent, between BEN and the
gramineae plants.

The African oil palm will produce palm oil at a yield of approximately
4 tons/ha/year and the crop is generally found to have little response to N
fertiliser addition. Recent studies at Embrapa-Agrobiologia have shown the
presence of high numbers of endophytic diazotrophs within the fruits,
stems and roots of these trees, which may explain their self sufficiency in
nitrogen. Up to 20% of diesel oil can be substituted by palm oil without
having to modify commercial diesel engines, and specially designed engines
can run on pure palm oil, so this crop holds out a huge potential for the
future production of biofuel.

As already mentioned, it uses little if any industrial nitrogen fertiliser;
its by-products pollute much less; and the crop may have an important role
in the forestation of a great portion of the deforested part of Amazonian
region.

Of intesest are the results of a research project co-ordinated by Pavan
and Moreira Filho 1997 on nitrogen fixing bacteria in plants of different
parts of Brazil

We isolated from different plants over 40 strains that are now being
studied in detail, which are associated with several families of epiphytic,
parasitic and others plants that are part of the great biodiversity of the trop-
ical and sub-tropical regions.

Our preliminary results based on their analysis of many plants belong-
ing to different families, showed that all of the plants tested are associated
with one or more bacteria able to fix nitrogen.

The type of association between the nitrogen fixing bacteria and plants
is presently under study.
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PROSPECTS FOR GLOBAL SECURITY

RAJUL PANDYA-LORCH

INTRODUCTION

Although enough food is being produced today so that nobody should
have to go hungry, abour 840 million people are chronically undernous-
ished, around 185 million pre-school children are seriously underweight for
their age, and illnesses resulting from or exacerbated by hunger and mainu-
trition are widespread. As the world’s population increases by an expected
80 million people every year over the next quarter century, assuring food
security will be the central global challenge. Will there be enough food to
meet the needs of current and future generations? And even if enough food
is available, will all people have access to sufficient food to lead healthy and
productive lives, that is, will they have the means to grow and/or purchase
the needed food? Can, and will, global food security be attained or will
food surpluses continue to co-exist with widespread bunger and malnutri-
tion, further destabilizing and polarizing the world? What will it take to
assure a world of food-secure people?

Following a brief discussion of food security concepts and an assess-
ment of the current food security situation, this paper examines the outlook
for global food security and identifies key actions required to assure global
food security.

-Foop Stcurrry CONCEPTS

The world is food secure when each and every person is assured of
access at all times to the food required for a healthy and productive life.
Food security is jointly determined by availability of food and access to
food. Availability of food does not guarantee access to food, but access o
food is contingent on there being food available (von Braun ez 4/, 1992).
National, regional, or local availability of food is a function of food pro-
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duction, stockholding, and trade. National access to food from interna-
tional markets is determined by world food prices and foreign exchange
availability. Houschold availability of food requires that food be available at
local or regional markets, which is determined by market operations, infra-
structure, and information flows. Access to food by households and indi-
viduals is usually conditioned by income: the poor commonly lack adequate
means to secure their access to food.

Food security at any level does not guarantee food security at any other
level {(von Braun e 4/, 1992). For example, houschold food security does
not necessarily mean that all individuals in that household have access to
the peeded food. Some members of a household may be denied their full
share of the needed food. Intra-household inequality in distribution of
food, with women in particular eating less than their share of household
food, is observed quite often. Similarly, regional or national food security
does not necessarily lead to household or individual food security; the avail-
able food may not be distributed according to needs and households or
individuals may not have equitable access to it. And, of course, global food
availability does not mean universal food security. There may be matked
national, regional, houschold, and individual differences in access to food.

CurreNT WorLD Foon SECURITY SITUATION

Despite impressive food production growth in recent decades such that
enough food is available to meet the basic needs of each and every person in
the world, not all people are food secure. If available food were evenly dis-
tributed, each person would be assured of 2,700 calories per day, 20 percent
more than in 1961-63 (FAQ, 1997a). However, available food is neither
evenly distributed nor fully consumed among or within countries. Forty-two
countries were unable to assure minimum requirements of 2,200 calories per
person per day for their populations during 1992-94, even if available food
had been evenly distributed within each country (FAO, 1997a). Of these
countries, 29 were in Africa, 6 in Asia, 3 in Latin America and the Caribbean,
3 in Eastern Europe and the former Soviet Union, and 1 in the Middle East.

In the developing world as a whole, about 840 million people ~ 20 per-
cent of the population — were chronically undernourished during 1990-92,
lacking economic or physical access to sufficient food to lead healthy and
productive lives (FAQ, 1996a). East Asia was home to 32 percent of the
world’s undernourished, South Asia to 30 percent, and Sub-Saharan Africa
to 26 percent. China and lndia together accounted for 45 percent of the
world’s undernourished people (FAQO, 1996d). Progress is being made in
reducing the magnitude and prevalence of undernourished people. There
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were about 80 million fewer undernourished people in 1990-92 relative to
1969-71, while an additional 1.5 billion people were being adequately fed.
'The share of undernourished people in the population declined in more
than 55 countries between 1969-71 and 1990-92 (FAQ, 1996d), contributing
to a reduction in the share of undernourished people in the developing
world’s population from 35 to 21 percent during this period. Most of the
improvements in food security have taken place in East Asia where the
nuwmber of undernourished people fell from 475 million in 1969-71 to 268
million in 1990-92. Nevertheless, with two-thirds of the developing world’s
undernourished, South and FEast Asia remain key areas of food security con-
cetn. And a new “flash-point” or locus of hunger and food insecurity has
emerged in Sub-Saharan Africa, where the number of undernourished
people doubled between 196971 and 1990-92 to 215 million, and the pro-
portion of the population that is undernourished rose from 38 to 43 percent.

Child malnutrition is another indicator of food insecurity. The number
of malnourished children rose during the 1980s from 164 million to 184
million, although due to population growth their share of the preschool
children population declined slightly from 37.8 percent to 34.3 percent
(UN ACC/SCN, 1992). One-third of all pre-school children are still under-
weight in the developing world. About 101 million underweight children
are in South Asia, 44 million in Fast Asia and 28 million in Sub-Saharan
Africa. About 60 percent of the preschool children in South Asia are under-
weight compared to 30 percent in Sub-Saharan Africa and East Asia respec-
tively and 8 percent in Latin America and the Caribbean.

Micronutrient deficiencies are also widespread in the developing world,
even where caloric consumption is adequate. Micronutrient deficiencies
have detrimental effects on human health and productivity. About 2 billion
people are affected by iron deficiency, around 1.6 billion people are at risk
of iodine deficiency, and 40 million children suffer from Vitamin A defi-
ciency (FAQ, 1996h).

In addition to those who are already food-insecure and show symptoms
or consequences of food insecurity, there are many others worldwide who
live with the risk of food insecurity: their incomes are so low that any
sudden shock such as loss of employment or price fluctuations could tip
them into food insecurity. These vulnerable people must also be taken into
account when considering the world food security situation,

Eatlier, it was noted that food security is jointly determined by avail-
ability of food and access to food. With regard to availability of food, food
production growth in recent decades has been impressive. Between 1961-63
and 1994-96, food production increased by 119 percent worldwide while it
increased 200 percent in developing countries as a group, with particularly
large increases in the developing countries of Asia. Even in the developing
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countries of Africa, where concerns regarding food security are greatest,
tood production increased by 120 percent during this period. Between 1961-
63 and 1994-96, cereal production worldwide more than doubled to 1.97
billion tons and almost tripled in developing countries to 1.14 billion tons;
meat production almost tripled worldwide to 208 million tons and quintu-
pled in developing countries to 107 million tons; and production of roots
and tubess doubled in developing countries increased to 436 million tons.

Worldwide, food production growth more than kept pace with popula-
tion growth; per capita food production increased by 40 percent between
1961-63 and 1994-96. In the developing countries as a group, per capita
food production increased 47 percent during this period. However, food
production performance varied widely among developing regions; while per
capita food production increased 67 percent in the developing countries of
Asia, less food was produced per person in the developing countries of
Africa in the mid-1990s than in the beginning of the 1960s. Between 1961-
63 and 1994-96, cereal production per person worldwide increased by 20
percent to 350 kilograms while it increased by 28 percent to 252 kilograms
in the developing world; and meat production per person worldwide
increased by 55 percent to 37 kilograms while it increased by 242 percent
to 24 kilograms in the developing world {(FAO, 1997a).

There are indications that growth in food production has begun to lag
in recent years. The annual rate of growth of global cereal production
dropped from 2.6 percent during 1967-82 to 1.3 percent during 1982-94,
while the annual rate of increase in cereal yields stowed from 2.3 percent to
1.5 percent between these two periods (Rosegrant e al, 1997). After
steadily increasing during the 1960s and 1970s, wotld grain production pes
person has fallen by about 1 percent annually over the past decade (Brown
et al., 1995). Yields of rice and wheat have been constant over the past few
years in Asia, which is a significant producer (Pinstrup-Andersen, 1994), It
is becoming increasingly difficult to maintain the vield gains already
achieved, let alone to increase yields, in the high-potential or more-favored
aveas, while in the less-favored areas, which are home to many of the
world’s food-insecure people, yields are low and variable (Hazell, 1995).

OutLook For GLOBAL Foon SkcuriTy

Projections of food production and consumption to the year 2020 offer
some signs of progress, but prospects of a food-secure wortld ~ a world in

! This section draws upon Pinstrup-Andersen ef af, (1997).
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which cach and every person is assured of access at all times to the food
requited to lead a healthy and productive life ~ remain bleak if the global
community continues with business as usual. [FPRI’s global model, the Inter-
national Model for Policy Analysis of Commodities and Trade (IMPACT),?
projects that 150 million children under the age of six years will be malnour-
ished in 2020, just 20 percent fewer than in 1993 (fig. 1).> One out of every
four children will be malnourished in 2020, down from 33 percent in 1993,
Child malnutrition is expected to decline in all major developing regions
except Sub-Saharan Africa, where the number of malnourished children
could increase by 45 percent between 1993 and 2020 to reach 40 million. In
South Asia, home to half of the world’s malnourished children in 1993, the
number of malnourished children is projected to decline by more than 30
million between 1993 and 2020, but the incidence of malnutrition is so high
that, even with this reduction, two out of five children could remain mal-
nourished in 2020 (fig. 2). With more than 70 percent of the world’s mal-
nourished children, Sub-Saharan Africa and South Asia are expected to
remain “hot spots” of child malnutrition in 2020.

Projections by FAO on the number of food-insecure people paint a sim-
flarly mixed picture.® FAO projects that 680 million people, 12 percent of the
developing world’s population, could be food insecure in 2010, down from
840 million in 1990-92 (fig. 3). Food insecurity is expected to diminish rap-
idly in East Asia and, to a lesser extent, in South Asia and Latin America, but
it could accelerate substantially in Sub-Saharan Africa and West Asia and
North Africa. Sub-Saharan Aftica and South Asia, home to a projected 70
percent of the world’s food-insecure people in 2010, will be the locus of
hunger in the developing world. In fact, Sub-Saharan Africa’s share of the
wotld’s food-insecure population is projected to almost quadruple between
1969-71 and 2010 from 11 to 39 percent (FAQ, 1996¢). By 2010, every third
person in Sub-Saharan Africa is likely to be food insecure compared with
every eighth person in South Asia and every twentieth person in East Asia,
These disturbing figures reflect widespread poverty and poor health.

2 IMPACT covers 37 countries and regions (which account for virtually all of the world’s
food production and consumption) and 17 commedities {including all cereals, soybeans, toots and
tubers, meats, and daity products) Rosegrant ez of, 1995; Rosegrant et al., 1997).

3 Malnourished children are those whose weight-for-age s more than two standard devia-
tions below the weight-for-age standard set by the U.S. National Center for Health Statistics and
adopted by many United Nations agencies in assessing the nutritional status of persons in develo-
ping countries,

4 FAQ classifies these people as chronically undernourished; that is, their access to per
capita food supplies is less than 1.55 times the basal metabolic sate,
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Worldwide, per capita availability of food is projected to increase
around 7 percent between 1993 and 2020, from about 2,700 calories per
person per day in 1993 to about 2,900 calories. Increases in average per
capiia food availability are expected in all major regions. China and East
Asia are projected to experience the largest increase, and West Asia and
North Africa the smallest (fig. 4). The projected average availability of
about 2,300 calories per person per day in Sub-Saharan Africa is just barely
above the minimum required for a healthy and productive life. Since avail-
able food is not equally distributed to all, a large proportion of the region’s
population is likely to have access to less food than needed.

Related to this is an increasing gap between food demand and produc-
tion in several parts of the world. Demand for food is influenced by a
number of forces, including population growth and movements, income
levels and economic growth, human resource development, and lifestyles
and preferences. In the next several decades, population growth will con-
wibute 1o increased demand for food. The United Nations recently scaled
back its population projections, but even with these reduced estimates,
almost 80 million people are likely to be added to the world’s population
each year during the next quarter century, increasing world population by
35 percent from 5.69 billion in 1995 to 7.67 hillion by 2020 (UN, 1996).
More than 95 percent of the population increase is expected in developing
countries, whose share of global population is projected to increase by 79
percent in 1995 to 84 percent in 2020, Over this period, the absolute pop-
ulation increase will be highest in Asia, but the relative increase will be
greatest in Sub-Saharan Africa, where the population is expected to almost
double by 2020 (fig. 5).

At the same time, urbanization will contribute to changes in the types
of food demanded. Much of the population increase in developing coun-
tries is expected in the cities; the developing world’s urban population is
projected to double over the next quarter century to 3.6 billion {UN, 1995).
Urbanization profoundly affects dietary and food demand patterns: the
increasing opportunity cost of women’s time, changes in food preferences
caused by changing lifestyles, and changes in relative prices associated with
rural-urban migration lead to more diversified diets with shifts from basic
staples such as sorghum, millet, and maize to other cereals such as rice and
wheat that require less preparation and to milk and livestock products,
fruits and vegetables, and processed foods.

People’s access to food depends on income. Currently, more than 1.3
billion people are absolutely poor, with incomes of a dollar a day or less per
person, while another 2 billion people are only marginally better off (World
Bank, 1997a). Income growth rates have vatied considerably between
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regions in recent years, with Sub-Saharan Africa and West Asia and North
Africa struggling with negative growth rates while East Asia was experienc-
ing annual growth rates exceeding 7 percent (World Bank, 1997b).
Prospects for economic growth during the next quarter century appear
favorable, with global income growth projected to average 2.7 percent per
year between 1993 and 2020 (fig. 6). The projected income growth rates for
developing countries as a group are almost double those for developed
countries. Growth rates are projected to be lowest in Eastern Europe and
the former Soviet Union. Even Sub-Saharan Africa is expected to experi-
ence positive per capita income growth between 1993 and 2020, although it
will be quite low. However, unless significant and fundamental changes
occur in many developing countries, disparities in income levels and growth
rates both between and within countries are likely to persist, and poverty is
likely to remain entrenched in South Asia and Latin America and to
increase considerably in Sub-Saharan Africa.

[EFPRI projects global demand for cereals to increase by 41 percent
between 1993 and 2020 to reach 2,490 million metric tons, for meat
demand to increase by 63 percent to 306 million tons, and for roots and
tubers demand to increase by 40 percent to 855 million tons (fig. 7). Most
of the increases in demand between 1993 and 2020 are projected to occur
in developing countries, which will account for more than 80 percent of the
increase in global cereal demand, nearly 90 percent of the increase in meat
demand, and more than 90 percent of the increase in demand for roots and
tubers, Among the major developing regions, Sub-Saharan Africa is
expected to experience the largest percentage increase in demand for all the
major food commodities, albeit from low levels (fig. 8).

Demand for cereals for feeding livestock will increase considerably in
importance in coming decades, especially in developing countries, in
response to strong demand for livestock products. Between 1993 and 2020,
developing countries’ demand for cereals for animal feed is projected to
double while demand for cereals for food for direct human consumption is
projected to increase by 47 percent (fig. 9). By 2020, 24 percent of the
cereal demand in developing countries will be for feed, compared with 19
percent in 1993, However, in absolute terms, the increase in cereal demand
for food will be higher than for feed. In developed countries, the increase
in cereal demand for feed will outstrip the increase in cereal demand for
food in both absolute and relative terms.

Because of substantial increases in demand for livestock products,

5 All tons in this paper are metric tons,
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especially in developing countries where primarily maize and other coarse
grains are used for animal feed, demand for maize is projected to increase
faster than for other cereals in both developed and developing countries
(fig. 10}. Global demand for maize is projected to grow at an annual rate of
1.4 percent between 1993 and 2020, followed by wheat ar 1.3 percent and
rice at 1.2 percent, In China and India, for instance, demand for maize and
other grains for feed is projected to increase by around 3 pexu,n{ per year
between 1993 and 2020.

Fow will the expected increases in ceteal demand be met? Not by
expansion in cultivated area. IMPACT projections indicate that the area
under cereals will increase by only 5.5 percent or 39 million hectares
between 1993 and 2020, almost two-thirds of which will be in Sub-Saharan
Africa. Since growth in cultivated area is unlikely to contribute much to
future production growth, the burden of meeting increased demand for
cereal rests on improvements in crop yields. Howeve, the annual increase
in yields of the major cereals is projected to slow down during 1993-2020 in
both developed and developing countries (fig. 11}, This is worrisome given
that yield growth rates were already on the decline. Two of the key reasons
for slow cereal yield growth rates are:

1.In regions where input use is high, such as Asia, farmers are
approaching economically optimum yield levels, making it more difficult to
sustain the same rates of yield gains,

2. Declining world cereal prices are causing farmers to switch from cere-
als to other, more profitable crops and are causing governmenis to slow their
investment in agricultural research and irrigation and other infrastructure,

With the profected slowdowns in area expansion and yicld growth, cereal
production in developing countries as a group is also forecast to slow to an
annual rate of 1.5 percent during 1993-2020 compared with 2.3 percent
during 1982-94. This figure is still higher, however, than the 1.0 percent
annual rate of growth projected for developed counties during 1993-2020.

Cereal production in developing countsies will be insufficient to meet
the expected increase in demand. As a group, developing countries are pro-
jected to more than double their net imports of cereals {the difference
between demand and production) berween 1993 and 2020 (fig. 12). With
the exception of Latin America, all major developing regions are projected
to increase their net cereal imports: the quadrupling of Asia’s net imports
will be driven primarily by rapid income growth, while the 150 percent
increase forecast for Sub-Saharan Africa will be driven primarily by its con-
tinued poor performance in food production. While wheat is expected to
constitute the bulk of the developing world’s net cereal imports in 2020, the
share of maize is forecast to sharply increase from 19 percent in 1993 to 27
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percent primarily because of the rapid increase in demand for meat (fig.
13). Trade in rice is forecast to remain negligible.

With continued population growth, rapid income growth, and changes
in lifestyles, demand for meat is expected to rise rapidly in developing
countries. IMPACT projections indicate that total demand for meat will
increase by 2.9 percent per year during 1993-2020 in developing countries
and by 0.5 percent per year in developed countries. Worldwide, demand
for meat is projected to increase by 1.8 percent per year, with demand for
poultry expected to increase fastest at an annual rate of 2.1 percent, com-
pared with 1.5 percent for beef. In per capita terms, demand for meat prod-
ucts is projected to increase by almost 50 percent in developing countries to
31 kilograms in 2020, and by 4 percent in developed countries to 81 kilo-
grams. In 1993, developing countries accounted for 47 percent of world
meat demand; by 2020, they are projected to account for 63 percent. Meat
production is expected to grow by 2.7 percent per year in developing coun-
tries during 1993-2020 (compared with 5.9 percent duaring 1982-94) and by
0.8 percent in developed countries (compared with 0.9 percent during
1982-94). Despite high rates of production growth, developing countries as
a group are projected to increase their net meat imports 20-fold, reaching
11.5 million tons in 2020 {fig. 14}, Latin America will continue to be a net
exporter of meat, but Asia will switch from being 2 small net exporster to a
large net importer. Beef Is expected to constitute 46 percent of the devel-
oping world’s net meat imports in 2020, poultry 30 percent, pigmeat 13
percent, and sheep and goatmeat 11 percent.

Projections of future fish consumption are scarce. FAO projections
suggest that direct human consumption of fish will increase from 75-80 mil-
lion tons in 1994/95 to 110-120 million tons in 2010 (Delgado and Cour-
bois, 1997). Much of the increase in fish consumption is projected to occur
in Fast Asta and, to a lesser extent, in North America and Australia. China’s
per capita consumption of fish is predicted to double from 9.8 kilograms in
1990 to 20 kilograms in 2010, driven primarily by income increases, and
will be met increasingly from aquaculture production.

With sustainable production from the world’s natural fish stock at its
limit, supplies from capture fisheries have stabilized at around 90 million
tons after nearly three decades of steady growth. Aquaculture, however, has
become the fastest-growing food production system in the world, with
global production increasing on average by more than 11 percent annually
between 1990 and 1995 (Ahmed, 1997). The share of global fish produc-
tion contributed by aquaculture rose from 13 percent to 19 percent in the
period 1990-95 (FAO, 1997b).

Real fish prices have remained relatively stable since 1970, while real
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beef prices have declined substantially and are now less than one-third of
the 1970 price. Some researchers report an emerging consensus that real
fish prices are likely to rise by about 10 percent by 2020 (Delgado and
Courbois, 1997), while IMPACT projections suggest that beef prices will
decline by about 5 percent between 1993 and 2020, implying a long-run
increase in the relative fish-beef price and therefore major adjusiments in
the world markets for both fish and beef,

Net imports are a reflection of the gap between production and market
demand. For many of the poor, the gap between food production and
human needs is likely to be even wider than that between production and
demand, because many of these people are priced out of the market, even
at low food prices, and are unable to exercise their demand for needed
food. The higher-income developing countries, notably those of East Asia,
will be able to fill the gap between production and demand through com-
mercial imports, but the poorer countries may be forced to allocate foreign
exchange to other uses and thus might not be able to import food in
needed quantities. It is the latter group of countries, including most of
those in Sub-Saharan Africa and some in Asia, that will remain a challenge
and require special assistance to avert widespread hunger and malnutrition,

Required ACTION

The action required to assure a food-secure world is known. Much
thought and effort have been expended to identify priority action at the
individual, household, community, national, regional, and global levels. At
the World Food Summit convened by the Food and Agriculture Organiza-
tion of the United Nations {FAQ) in November 1996, leaders from around
the world signed the Rome Declaration on World Food Security, reaffirm-
ing “the right of every person to have access to safe and nutritious food,
consistent with the right to adequate food and the fundamental right of
everyone to be free from hunger” (FAO, 1996e). They pledged “[their]
political will and [their] common and national commitment to achieving
food security for all and to an ongoing effort to eradicate hunger in all
countries, with an immediate view to reducing the number of undernout-
ished people to half their present level no later than 20157 (FAO, 1996¢).
Toward this end, they made seven commitments:

— FEnsure an enabling political, social, and economic environment
designed to create the best conditions for the eradication of poverty and for
durable peace, based on full and equal participation of women and men,
which is most conducive to achieving sustainable food security for all.
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— Implement policies aimed at eradicating poverty and inequality and
improving physical and economic access by all, at all times, to sufficient,
nutritionally adequate and safe food and its effective utilization.

- Pursue participatory and sustainable food, agriculture, fisheries,
forestry, and raral development policies and practices in high and low
potential areas, which are essential to adequate and reliable food supplies at
the houschold, national, regional, and global levels, and combat pests,
drought, and desertification, considering the multifunctional character of
agriculture,

Strive to ensure that food, agricultural trade, and overall trade poli-
cies are conducive to fostering food security for all through a fair and
market-oriented world trade system.

— Endeavor to prevent and be prepared for natural disasters and
man-made emergencies and to meet transitory and emergency food require-
ments in ways that encourage recovery, rehabilitation, development, and a
capacity to satisfy future needs.

- Promote optimal allocation and use of public and private investments
to foster human resources, sustainable food, agriculture, fisheries and forestry
systems, and rural development, in high and low potential areas; and

— Implement, monitor, and follow-up this Plan of Action at all levels
in cooperation with the international community (FAQ, 1996¢).

A detailed plan of action secks to achieve the goals included in these
seven comitnitments,

The International Food Policy Research Institute (IFPRI), in its initia-
tive on “A 2020 Vision for Food, Agriculture, and the Environment”, has
developed the 2020 Vision of “a world where every person has access to
sufficient food to sustain a healthy and productive life, where malnutrition
is absent, and where food originates from efficient, effective, and low-cost
food systems that are compatible with sustainable use of natural resources”
(IFPRL, 1995). Sustained action is required in six priority arcas to realize
the 2020 Vision:

strengthen the capacity of developing-country governments to per-
form appropriate functions, such as maintaining law and order, establishing
and enforcing property rights, promoting and assuring private-sector com-
petition in markets, and maintaining appropriate macroeconomic environ-
ments, Predictability, transparency, and continuity in policymaking and
enforcement must be assured. The efforts of the past decade to weaken
developing-country governments must be turned around. More effective
local and national governments are essential for other partners, such as indi-
viduals, households, communities, nongovernmental organizations (NGOs),
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and the private sector, to contribute to food security. Governments should
facilitate food security for all households and individuals, not by physically
delivering needed foods to all citizens but by facilitating a social and eco-
nomic environment that provides all citizens with the opportunity to assure
their food security.

— Invest more in poor people in order to enhance their productivity,
health, and nutrition and to increase their access to remunerative employ-
ment and productive assets, Governiments, local communities, and NGOs
should assure access to and support for a complete primaty education for
all children, with immediate emphasis on enhancing access by female and
rural children; assure access to primary health care, including reproductive
health services, for all people; improve access to clean water and sanitation
services; provide training for skill development in adults; and strengthen
and enforce legislation and provide incentives for empowerment of women
to gain gender equality. Improved access by the rural poor, especially
women, to productive resources can be facilitated through land reform and
sound property rights legislation, strengthened credit and savings institu-
tions, more effective rural labor markets, and infrastructure for small-scale
enterprises. Social safety nets for the rural poor are urgently needed. Direct
transfer programs, including programs for poverty relief, food security, and
nutrition intervention, are needed in many countries at least in the short
term and must be better targeted to the poor. Efforts must be made to
lower fertility rates and slow population increases. Strategies to reduce pop-
ulation growth rates include providing full access to reproductive health
services to meet unmet demand for contraception; eliminating risk factors
that promote high fertility, such as high rates of infant mortality or lack of
security for women who are dependent on their children for support
because they lack access to income, credit, or assets; and providing young
women with education. Female education is one of the most important
investments for assuring food security.

— Accelerate agricultural productivity by strengthening agricultural
research and extension systems in and for developing countries. The key
role of the agucultum sector in meeting food needs and fostering broad-
based economic growth and development must be recognized and
exploited. To make this happen, agricultural research systems must be
mobilized to develop improved agricultural technologies, and extension sys-
tems must be strengthened to disseminate improved technologies. Invest-
ments in strategic international and regional agricultural research with large
potential international benefits should be expanded to better support
national efforts. Biotechnology research in national and international
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research systems should be expanded to support sustainable intensification
of small-scale agriculiure in developing countries. Effective parinerships
between developing-country research systems, international research insti-
tutions, and private- and public-sector research institutions in industrialized
countries should be forged to assure relevance of research and appropriate
distribution of responsibilities and to bring biotechnology to bear on the
agricultural problems of developing countries. Developing countries can
address funding and pessonnel constraints by providing incentives to the
private sector to engage in such research, by collaborating with international
research programs, and by seeking private- and public-sector partners in
industrialized countries. They should be encouraged to adopt regulations
that provide an effective measure of biosafety without crippling the transfer
of new products to small farmers.

— Promote sustainable agricultural intensification and assure sound
management of natural resources, Public- and private-sector investments in
infrastructure, market development, natural resource conservation, soil
improvements, primary education and health care, and agricultural research
must be expanded in areas with significant agricultural potential, fragile
soils, and large concentrations of poverty to effectively address their prob-
lems of poverty, food insecurity, and natural resource degradation before
they worsen or spill over into other regions. Tn arcas of low current pro-
ductivity but significant agricultural potential, public policy and public-
sector investment should promote sustainable use of existing natural
resources to enhance the productivity of ageiculture and other rural enter-
prises. Incentives should be provided to farmers and local communities to
invest in, and protect, natural resources and to restore degraded lands.
Clearly specified systems of rights to use and manage natural resources,
including land, water, and forests, should be established and enforced.
Local control over natural resources must be strengthened, and local capac-
ity for organization and management improved. I'armers and communities
should be encouraged to implement integrated soil fertility programs in
areas with low soil fertility through policies to assure long-term property
rights to land, access to credit, improved crop varieties, and information
about production systems; through effective and efficient markets for plant
nutrients, and investments in infrastructure and transportation systems; and
through temporary fertilizer subsidies where prices are high due to inade-
quate infrastructure or pootly functioning markets. Integrated pest manage-
meni programs should be promoted as the central pest management strat-
egy to reduce use of chemical pesticides, remove pesticide subsidies, and
increase farmer participation in developing effective and appropriate strate-
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gies of pest management. Water policies should be reformed to make better
use of existing water supplies by providing appropriate incentives to water
users, improving procedures for water allocation, and developing and dis-
seminating improved technology for water supply and delivery.

— Develop effective, efficient, and low-cost agricultural input and output
matkets. To obtain gains from improved efficiency and reduced costs of
marketing agricultural inputs and outputs, governments should phase out
inefficient state-run firms in agricultaral input and output markets and
create an environment conducive to effective competition among private
agents in order to provide efficient and effective services to producers and
consumers. Governments should identify their role in agricultural input and
output markets and strengthen their capacity to petform this role better
while disengaging itself from functions that should be undertaken by the
private sector. Policies and institutions that favor large-scale, capital-inten-
sive enterprises over small-scale, labor-intensive ones should be removed.
Market infrastructure of a public-goods nature, such as roads, electricity,
and communications facilities, should be developed and maintained by
direct public-sector investment or effective regulation of private-sector
investment. Governments should develop and enforce standards, weights
and measures, and regulatory instruments essential for effective functioning
of markets. Development of small-scale credit and savings institutions
should be facilitated. Technical assistance and training could be provided to
create or strengthen small-scale, labot-intensive competitive rural enter-
prises in trade, processing, and related marketing activitics.

— Expand and realign international assistance and improve its effi-
ciency and effectiveness. The current downward trend in international
development assistance must be reversed, and industrialized countries allo-
cating less than the United Nations target of 0.7 percent of their gross
national product (GDP) should rapidly move to that target. Official devel-
opment assistance, which is only a small fraction of the resources required
by developing countries, must be allocated to effectively complement
national and local efforts. Official government-to-government assistance
should be made available primarily to countries that have demonstrated
commitment to reducing poverty, hunger, and maloutrition and to protect-
ing the enviconment. International development assistance must be
realigned to low-income developing countries, primarily in Sub-Saharan
Aftica and South Asia where the potential for further deterioration of food
secutity and degradation of natural resources is considerable. In higher-
income developing countries, concessional aid such as grants should be
replaced by internationally available commercial capital, freeing resousces
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for the low-income countries. To improve effectiveness of aid, each recipi-
ent country should develop a coherent strategy for achieving its goals
related to food security, poverty, and natural resources, and should identify
the most appropriate uses of international assistance.

CONCLUSIONS

Food insecurity has long been perceived by some to be primarily a
problem of insufficient food production rather than insufficient access to
tood. Yet, as enough food is being produced to meet the basic needs of
every person in the world, it is evident that the pessistence of food insecu-
rity — about 840 million chronically undernourished people and 185 million
malnourished children — is increasingly attributable to difficultics in access-
ing sufficient food. Food-insecure people simply do not have the means to
grow and/or purchase the needed food. Empowering every individual to
have access to remunerative employment, to productive assets such as land
and capital, and to productivity-enhancing resources such as appropriate
technology, credit, education, and health care is essential. Besides enabling
every person to acquire the means to grow and/or purchase sufficient food
to lead healthy and productive lives, assuring a food-secure world calls for
producing enough food to meet increasing and changing food needs and
for meeting food needs from better management of natural resources.

With foresight and decisive action, we can create the conditions that
permit food security for all people in coming years. The action required is
not new or unknown; for instance, we know that increased productivity in
agricultural production helps not only to produce more food at lower unit
costs and make more efficient use of resources but also to raise the incomes
of farmers and others linked to agriculture and thus improve their capauty
to purchase needed food. The action program outlined earlier will require
all relevant parties — individuals, households, farmers, local communities,
the private sector, civil society, national governments, and the international
community — to work together in new or strengthened partnerships; it will
require a change in behavior, priorities, and policies; and it will require
strengthened cooperation between developing and industrialized countsies
and among developing countries. The world’s natural resources are capable
of supporting sustainable food security for all people, if current rates of
degradation are reduced and replaced by appropriate technological change
and sustainable use of natural resources.

We have the means to assure a food-secure world; let us act to make it
a reality for each and every person.
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REFLECTIONS ON THE GLOBALIZATTION OF MARKETS:
THREATS AND OPPORTUNITIES

ALBERTO QUADRIO CURZIO

1. FOrREwORD

The study-week on “science for survival and sustainable development”
places at its centre, in our opinion, the statement of the organisers that “the
world is facing major threats from the expansion of human activities ... and
[from the] destabilization of economies and social order, ... with each pass-
ing year undermining our ability to maintain a sustainable and productive
wortld into the 21% Century and beyond. Human society is increasingly rec-
ognizing such threats” and therefore defensive measures are taken but “the
destabilizing factors prevail, and the scale of possible catastrophes is rapidly
growing” (Pontificia Accademia delle Scienze, 1999). Furthermore, the
quoted statement says that in order to analyse and forecast such phenomena
and in order to prepare scientific initiatives to place them under the control
of ethical principles and public policies, these problems will be addressed by
different “experts” on mathematical and theoretical modelling, on specific
critical phenomena, and on ethical principles. I consider myself an econo-
mist who is expert on specific critical phenomena, and I will expound these
reflections uiilising an approach more closed to public policy actions, Tn
other words an institutional-applied economic approach, instead of an eco-
nomic modefling one. Of course models have a major prominence and role.
But sometimes reality shows in a simple way what is going on.

The globalization of the economies is an extensive and contemporary
phenomenon (for instance see Arcelli, 1997; Onofri, 1997) and 1 will sum
up the following subjects, considered from an economist’s point of view:

a. technological innovation and diffusion;

b. multinational firms and investments;

¢. international trade and world GDP.
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Economic phenomena also have political consequences because the
dynamics of globalization are reducing the sovereignty of national States
(Berger and Dore, 1998; Strange, 1998; Wade, 1998). Therefore it is increas-
ingly urgent that we have supranational institutions which are capable of
combining freedom of actors with the efficacy of rules. In the following sec-
tions I will comment on the tables and shortly explain some concepts which
1 discussed in detail in an essay of mine (Quadsio Curzio, 1999}, to which 1
refer the reader for more precise bibliographical references.

2. Wiar 15 HconoMIC (GLOBALIZATION?

Economic globalization is broadly defined as the growing interde-
pendence and integration of different economic systems on a world scale
through the growing transactions of goods, services, financial capital, and
technological diffusion (IMF, 1997). The world economy seems to be
changing from a situation where the national economies were dominant
and maintained their relationships at the level of international trade to a
situation where the markets are global and where the national boundaries
are practically irrelevant because firms loose their national roots and oper-
ate on worldwide scale. A transition from national economies, connected
through international relationships, to a global economy, is underway, even
if the world economy is certainly not yet fully globalized at present. As the
gransition from national economies to an international and global economy
is not yet complete, it would be better to talk an of inter-globalized econ-
omy. The degree of globalization can be illustrated easily by two sets of
data.

The first set refers to the dynamics, Figure 1 describes the dynamics of
globalization on the basis of the annual average growth in real terms of four
types of magnitudes during the period 1980-1996 (The Economist, 18 Octo-
ber 1997). The first set, composed of three data, represents transnational
financial magnitudes which grow at an annual maximum percentage of
25%. The second set shows foreign direct investments which grow at an
annual percentage near to 8%. The third one refers to international trade
which grows at an annual percentage rate near to 5%. The last indicates
GDP which grows at an annual percentage rate of 2.5%. The conclusion is
that transnational financial and real investment activities are growing much
faster than international trade and world GDP.

The second set of data has a static and structural nature and illustrates
the degree of globalization of productive sectors as percentages of world
GDP (Fraser and Oppenheim, 1997).
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Annuval average growth in real terms
1980-96, worldwide
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Source: The Econonafst, 18-10-1997, p. 104, based on BIS and IMF data; our graphic approximation.

Fig. 1. The Dynamics of Inter-Globalization {our title),

From table 1 it seems that 23% of world GDP is produced by global
firms in global matkets, 15% by fitms and markets in accelerating global-
tzation, 50% by mainly local and national firms and markets, while 12% is
generated by national public services (government services). If these set of
data are realistic we can say that globalization is proceeding rapidly, and
this development has many consequences: the allocation of economic
resources on a world scale is more effective because savings go where the
returns are higher; the instability of worldwide financial capital movements
can determine crises; the relationships between multinational firms, the
local State, and markets can be positive for growth but also can be difficult
and conflicting, although never dangerous because these firms promote
economic and technological development; the possibility of a single national
State to “govern” economic globalization is remote; the new sopranational
institutions can create a climate of peaceful cooperation unknown to the
national States. Therefore, there are positive and negative phenomena. In
order to understand this process we will consider some aspects related to
technology and investments.
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Table 1. Degrees of Inter-Globalization @.

Size of industry based on world GDP
1995, US$ trillion ®

Category GDP| %
Industries
1| Physical commodities 2,0

Petroleum, mineral ores, timber

2 | Scale-driven business goods and services 1,0

Aircraft engines, construction equipment, semiconductors,

airframes, shipping, refineries, machine tools 23% | Globalized
3 | Muanufactured commoditics 28

Refined petroleum products, aluminium, specialty steel, bulk
pharmaceuticals, pulp, specialty chemicals

4 | Labour skill-/productivity-driven consumer goods 0,9
Consumer electronics, personal computers, cameras,
automobiles, televisions

5 1 “Brasdable” lavgely devegulaied consumer goods 0,5¢
Soft drinks, shoes, luxary goods, pharmaceuticals, movie 15% | Acceleratin
. =4 x
production globalization
6 | Professional business services 2,5

Investment banking, legal services, accounting services,
consulting services

7 ¢t "Hard to brand” globally, largely regulated consumer goods 6,3
and services Early
Food, personal financial services, television production, retail 50% | globalization
distribution channels still focal

8 | Loeal Gunbranded goods and services 6,4

Counstruction materials, real estate, funeral homes, education,
houschold services, medical care, utilities

SV Government services 3,0 | 12%4 | Structrral
Civil servants, national defense locald
Toial 253

* our title; ¥ our caveat on uillion definition: I US$ willion corresponds 1o 1000 US$ billions; © provisional;
d percentage data and definition not present in the original source.

Source: G, Traser e J. Oppevheim, McKdnsey Quarterly, 1997, n. 2, p, 176, Based on: World Developrient
Report (World Bank), McGraw-Til/DRL World Economic Outlook 1996, United Nations 1995 National Income
Accounts, McKinsey analysis.
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3. Feonomic AsPECTS OF TECHNOLOGICAL INNOVATION AND IDIFFUSION

Technology seems to be the driving force of globalization through
research and development; through activity of firms and international trade;
and through financial and banking activity. Let us consider two aspects.

Firstly, in the opinion of many expersts, the world economy is undergo-
ing a new revolution which seems to be deeper and wider than the indus-
trial revolution: the information and communication technologies revolu-
tion (for instance see Bensasson S., 1997; World Bank, 1998). This new rev-
olution changes the organisation of firms and markets, often makes national
boundaries irrelevant, spreads information world-wide instantaneously, and
gencrates network integrated systems.

There are many reasons to agree with this view and all are rather
simple. Let us consider for instance the capital market of some Internet
firms. New firms, lilke Microsoft, have a market capitalization greater than
General Electric, America on Line has a market capitalization greater than
Boeing, with a price-earnings ratio higher than IBM. Of course we know
that many expetts consider these phenomena as speculative bubbles, but
we also know that it is difficult to define Nasdaq’s firms as the products of
simple speculation. In fact, the core of this revolution is the fact that the
cost of computer processing power has been falling dramatically in real
terms over the past couple of decades, while computing processing power
has increased (The Economist, 18 October 1997; IMFE, 1997). And the dif-
fusion of information technology, like Internet networks, is advancing rap-
idly all over the world.

In our opinion, this information technology revolution is parallel to the
global spillovers of R&D, as shown in a very simple way in figure 2. Accord-
ing to an IMF study (IME 1997), a permanent increase in R&D spending
of 0,5% of GIP in the USA has effects both on the potential output of the
USA and on other countries trading with the USA. The same is true for an
increase on the R&D spending of other industrialized countries than the
USA. These increases in R&D spending have positive effects on the poten-
tial GDP of other countries through international trade, and therefore less
developed countries can also benefit.

The conclusion is that information and communication technologies,
the diffusion of other technology, and R&D have highly positive effects on
the growth of potential GDP in developing countries aswell. From this
point of view, national States must increase R&D and liberalize commerce,
which are a vehicle for diffusion of technology and growth,
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Permanent increase in R&D spending in all industrial
couniries of 0,5% of GDP
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Source: IME, Wosld Economic Outlook, 1997, p. 49, our graphic approximation.

Tig. 2. Impact of R&IY investments on GDP Direct and Indirect Effects {our title).
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4, MULTINATIONAL FIRMS AND INVESTMENTS

Let us now consider globalization in terms of the seal and productive
cconomic profile of multinational and global firms and foreign direct
investments. Let us consider the quality and quantity of these phenomena,
defining gencrically multinational firms as those with “remarkable” assets,
employment, and production outside their home country.

Briefly, many reasons have brought about the worldwide spread of
firms and they may be summarised here (Reich, 1993; The Feonowmist, 22
November 1997; Lafay, 1998): productive factors (in order to have lower
input costs for labour and safer inputs for raw materials); goods (in order
to avoid customs); markets (in order to supply better consumers); organisa-
tions (vertical integration, economies of scale, merger and acquisitions); sys-
tems (in order to follow client firms and to keep pace with competitors).
Multinational firms now have not only large but also medium-small size
dimensions, which can utilise information and communication technologies.

Multinational firms in 1995 sold US$7 trillion thanks to their “foreign”
firms; in 1996 their total stock of foreign direct investment was more than
US$3 trillion {The Economist, 22 November 1997). For example, let us con-
sider the fifteen largest worldwide companies by foreign assets in 1995
shown in table 2.

Six of these companies belong to the automobile industry (Ford, Gen-
eral Motors, Volkswagen, Toyota, Nissan, Daimler-Benz); four to the energy
industry (Royal Dutch-Shell, Exxon, Elf Aquitaine, Mobil}; two to the elec-
tronics and electrical (equipment) industry (General Electric, Abb); one to
the chemicals industry (Bayer), one to the food industry (Nestlé); and one
to the computers industry (Ibm). Seven of these companies are European,
six are American, and two are Japanese, This table shows foreign assets,
foreign sales and foreign employment as a percentage of these total entities.
The Economist maintains that there is not real globalization because the
average multinational produces more than two-thirds of its output and
locates two-thirds of its employees in its home country (The Economist, 22
November 1997).

In our opinion what is relevant is that among these companies nine have
more than 50% of their assets abroad, five more than 70%. Ten have more
than 60% of their sales abroad and four more than 70%. Lastly, seven have
more than 50% of their employment abroad and three more than 70%.

Of course, as we have already said, measuring globalization is not easy
but many other elements show that is increasing. Let us consider the
dynamics of foreign direct investments (FDI) and the compatison between
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Table 2. Top 15 TNCs by foreign assets, 1995,

Company Industry Foreign assets Foreign sales | Foreign employment
as % of total | as % of total as % of total
Royal Dutch/Shell | Energy 67,8 73,3 77,9
Ford Automobile 29,0 30,6 298
General Electric Electronics 304 24,4 324
Exxon Energy 73,1 79,6 337
(General Motors Automobile 24,9 29,2 339
Volkswagen Automobile 84,8 60,8 44 .4
IBM Computers 51,9 62,7 50,1
Toyota Automobile 30,5 45,1 23,0
Nestlé Food 86,9 98,2 97,0
Bayer Chemicals 89,8 63,3 54,6
ABRB Eleqricai 84,7 87,2 93,9
cquipment
Nisgan Automobile 42,7 442 435
EHf Aquitaine Energy 54,5 654 475
Mobif Lnergy 61,8 65,9 52,2
Daimler-Benz Auatomobile 392 (3,2 222

Sowrcer The Econcmist, 22.11.1997, 1. 108, hased o UNCTAD data,

FDI outflows and domestic investment (DI), which reveal different paths,
as shown in figures 3 and 4.

Considering the FDT outflows of eleven industrialized countries it is
clear that from the 70s to the mid-‘90s there was a highly positive and
increasing trend. This is even clearer when we compare FDI outflows and
DI Equalising both at 100 in 1980 (The Economist, 22 November 1997),
the growth of FDI is stronger than that of DI, even if their total size is
around 6,5% of domestic investment.

To conclude the debate about multinational or global firms is complex
and has sometimes also been harsh because some think that they exploit
local situations in developing countries, while others think they contribute to
development and 1o technology diffusion. T our opinion the complexity of
the problem remains even if this second judgement is truer, and truer also
considering that many multinational corporations are moving towards a net-
work system based on good agreements with local authorities and firms.
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Fig. 3. Foreign Direct Investment of the Main Industrialized Countries (1970-1995) (our title).*
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Sonree: The Eeomomisi, 22111997, p. 108, based on UNCTAD data; our graphic approximation.

Fig. 4. World Foreign Direct Tuvesonent and Domestic Investement (our title),
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5, INTERNATIONAL TRADE AND WorLn GDP

We must not forget that international trade remains a very important
feature in globalization and that a remarkable contribution to it is given by
the intrafirm trade of multinational corporations (WO, 1996).

The increase of international trade is also a remarkable consequence of
the liberalization achieved by rules established by Gatt (now WTQ).

Two considerations seem useful. The {irst consideration concerns the
dynamics of world trade and wotld GDP, which are clearly shown in figure
5. If we put merchandise world trade and world GDP at 100 in 1950, by
1995 the former grows to 1600, and the latter to 600 {The Economist, 8
November 1997). It is true that the ratio of world exports to world GDP is
only 15%, but we must remember it has been growing since 1950, when it
was only 7%, and that some countries {for example Germany, the United
Kingdom, France, and Italy) have a ratio near 30%.

Against the thesis of rapid globalization is the situation of the prices of
internationally traded goods. An obvious consideration is that homoge-
neous prices for homogencous goods are the most important qualitative
indicators of the integration of a market. But there is still large deviation

World GDP —— World trade l

1600
1400 L
1200 +
1000 4.
800 |
600
400

200

o by
50 55 57 58 60 62 67 74 75 76 80 &2 85 S0 93 95

years

Source: The Bcowosmist, 8,11,1997, p. 99, based on WTO data; our graphic approximation.

Fig. 5. World trade and World GDIP (1950=100} (our title).
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based technology (&)
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Resource

hased High

11% technology (a)
Other primary 22%

products
13%
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technology technology (a)

18% 32%

Sonrce: World Bank, World Development Report, 1998, p. 28, based on World Bank, COMTRADE database.

Fig, 6. Goods in International Trade by Level of Technological Intensity (medivm and high-tech-
nology goods are those requiring intensive R&D as measured by R&D expenditure},
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from a tendency to homogeneous prices for many internationally traded
goods. For this reason, we can say that the world markets of goods are not
as integrated as the national ones (IMF, 1997).

The second consideration concerns the structure of international trade,
and in particular the international trade composition by level of technolog-
ical intensity.

According to figure 6, in 1976 the share of trade in medium and high-
technology goods was 33% of total international trade, by 1996 this share
had grown to 54%, and in particular high-technology goods doubled their
share: from 11% in 1976 to 22% in 1996. This involves two important
developments: world merchandise trade is changing greatly and the role of
firms, which produce and trade these international goods is increasing more
and more. So it is reasonable to think that the role of global firms with
intensive R&D in their productions is expanding.

6. SomE CONCLUSIONS: THE NECESSITY FOR SOPRANATIONAL INSTITUTIONS AND
Rures

In the process of economic globalization there are some advantages and
some disadvantages. In our opinion the potential advantages in teims of
technological diffusion, the international division of labous, saving and pro-
duction allocation, are greater than the disadvantagcs in terms of financial
instability, explonauon of local situations in developing countries, and unem-
ployment in developed countries. But the risks of financial instability are
remarkable even if the crises of the past ten years have been overcome (for
instance see Fazio, 1997).

It is therefore necessary to promote a growing role for sopranational,
international, co-operative agteements because a single national State
cannot establish rules for the global economy and compel actoss to respect
them. The national State must also have sound internal fiscal-financial con-
ditions and look after the soundness of the banking sectos.

Firms, banks, and other economic agents need clear and respected
rules for world markets. Competition is not anarchy, But freedom with rules
is a powerful engine of development, and protectionism demonstrated that
it was a disaster, and not only in extreme cases, during the great and tragic
dictatorships of this century when some States cancelled the freedom of
human beings and economic initiative, In the new sopranational and inter-
national system, particular attention must be paid to less developed and
developing countries in terms of financial conditions (and in relation to
external debt), the exportation of their commodities (avoiding protection-



SCIZNCE FOR SURVIVAL AND SUSTAINABLE DEVELOPMENT 129

ism in developed countries), and the transfer to them of technology. History
seems to teach that the combination of markets and institutions, of free-
dom, subsidiasity and solidarity, are the only successful ways to achieve
long-term development both in terms of economic and social welfare and in
terms of the promotion of civilisation and human dignity.
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ECOLOGICAL SYSTEMS
AND ECONOMIC INSTITUTIONS

PARTHA S. DASGUPTA

Given the theme of our study-week, I can take the seriousness of the
problem of environmental security (and the many other things which go
with it) for granted. So I will focus elsewhere, on certain technical matters
concerning ecosystem dynamics and their implications for our understand-
ing of the efficacy of different economic institutions. If you were to find it
surprising that there could be connections between what might appear to
be widely different fields of inquiry, 1 would be pleased, for this would
mean that I have something of interest to talk about.

1. LocaL vs. GLOBAL CONSTRAINTS

Ecologists’ findings suggest that a near-fifty percent increase in world
population, allied to a doubling of gross world product per head, by the
year 2040 or so, would create substantial additional “stresses” in both local
and global ecosystems.! For example, global “demand” for food could
casily double over the period 1990-2030, with two-and-a-half to three-fold
increases in the poorest countries. Of particular concern are Asia and
Africa where, over the next fifty years, plant-detived food-energy require-
ments are expected to increase by a factor of 2.3 and 3, respectively, with a
more-than-sevenfold increase expected in some countries (Pinstrup-Ander-
sen, 1994; Crosson and Anderson, 1995; FAO, 1996). And these figures do
not include the inevitable increases in the demand for non-food commodi-
ties that would accompany increases in GNP, This is why much attention
has been given in recent years to global environmental problems.

! See, for example, Vitousele e o (1986) and the Symposium on the scale of human activ-
ity in Seience, 20 July 1997.
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The prospects for a suitable response to the predicted increases in the
scale of the human enterprise depend on our ability to manage constraints
on the supplies of production inputs and on the environmental conse-
quences of the use of these inputs. These constraints are not present uni-
formly across the globe. Morcover, local problems of production and distri-
bution can be difficult to counter even when global supplies are adequate,
because the purchasing power of certain groups of people (viz. the poor) is
weak, To ask merely whether global production of goods and services can
be increased to meet future demands in a sustainable way misses much of
the question. For example, food scarcity manifests itself locally, so efforts to
alleviate it must be tailored to local circumstances. To do otherwise is akin
to doctoring a sick person on the basis of global health statistics.

Correct diagnosis of the problems that lie at the population-consump-
tion-environment nexus is usually a Jocal matter, even though appropriate
treatment may require regional and global support. For example, soil ero-
sion may not currently be a serious threat to global agricultural capacity,
but at local levels in various parts of the world it presents major problems
to the people affected. Similarly, decisions concerning fertility, education,
child-care, food, work, health-care, and the use of the local natural-resource
base are in large measure reached and implemented within households,
who face constraints that are shaped in part by national and international
policy. The influence of household decisions are felt through local interac-
tions (e.g. intra-village and village-town trades), and thence “upward” glob-
ally. Recent work has identified a variety of circumstances that are shaped
by positive feedback mechanisms, driving poverty, hunger, fertility, resource
degradation, and civic disconnection at the local level, even while national
(and not merely global) income is rising? This means in particular that
there can be bifurcations among otherwise similarly located people, so that
even while some groups enjoy greater and greater economic comforts,
others at best stagnate or, worse still, spiral downward. This suggests that if
we are to obtain reliable projections of global economic prospects, we need
to adopt local, contemporary perspectives. It also reminds us that environ-
mental problems constitute not only the ones that are aired during interna-
tional negotiations — there are a myriad of local environmental problems in
constant need of attention by local people.

? See Dasgupta and Maler (1991), Dasgupta (1993, 1995, 1998) and Cleaver and Schreiber
{1994).
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2. NON-LINEAR PROCESSES, SUBSTITUTION POSSIBILITIES AND FHE MARKET
Mricianism

A major achievement of modern economics has been to show the effi-
cacy of the competitive market mechanism for the allocation of resources.
Central to the market mechanism is the role played by prices. Under ideal
conditions market prices would reflect resource scarcities in an accurate
way. Prices would get bid up if wraders observed that resources were
becoming more scarce and would get bid down if large quantities of sub-
stitutes were discovered. So market prices are public {and aggregated) sig-
nals of what are typically a myriad of private pieces of information, known
only locally. Resources are allocated efficiently when prices reflect social
scatcities accurately.

However, modern economics has shown that the market mechanism
could be expected to work well only if the transformation of goods and
services into further goods and services is governed by linear processes.
Prices are able to reflect resource scarcities in an accurate manner under
such circumstances. But when one speaks of “stress on ecosystems” and
“positive feedback mechanisms”, as I did in the previous section, one refers
to systems characterized by non-convex processes (more generally, to non-
linear processes) and so to the possible bifurcations they are subject to. We
have alveady noted that such processes can govern both ;,loba] and local
systems. Fven if a given global ecosystem were not to show signs of stress,
jocal ones could, and often do, display such signs. There are also extant
records of local ecosystems having collapsed in the past. Prices cannot be
expected to reflect resource scarcities well when ecological transformations
are governed by non-linear processes. This {.xplaim the title of my essay.

The assumption of linearity in economic transformation possibilitics is
related to the idea that for every commodity that can be Llansducd, there
are close substitutes lying waiting. The latter assumption, if true, would
imply that even as constraints mu,casingiy make their presence felt on any
one resource base, humanity could move to other resource bases. The enor-
mous additions to the sources of industrial energy (successively human
power, animal and wind power, timber, coal, oil and natural gas and, most
recently, nuclear) that have been realized are a prime historical illustration
of this possibility.

The assumption of linearity continues to be reasonable in many spheres
of activity, but it becomes sorely stretched when applied to those that
encroach ecosystems (be they local or global) on a large scale. The services
provided by an ecosystem are dependent on the composition of biota and
the abiotic processes at work. Here it is important to distinguish between
the resource base that comprises an ecosystem (its structure} and the serv-
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ices the ecosystem provides (its functions).” Degradation of the resource
base (e.g. destruction of populations) not only affects the volume and qual-
ity of those services; it also challenges an ccosystem’s “resilience”, which is
the capacity of the system to absorb disturbances without undergoing fun-
damental changes in its functional characteristics.* If a system loses its
resilience, it can flip to a wholly new state when subjected to even a small
perturbation (see, e.g. Wilson, 1992; Holling er o/, 1995; Walker, 1995;
Levin e 4f., 1998}. One way to Interpret an ecosystem’s loss of resilience is
to view it as having moved to a new stability domain. Sudden chang,es in
the character of shallow lakes (e.g. from clear to cutrophied water), owing
to Increases in the input of nutrients, provide one class of examples (Schef-
fer, 1997; Carpenter, Ludwig and Brock, 1998); the transformation of grass-
lands into shrublands, consequent upon non-adaptive cattle-management
practices, provides another (Perrings and Walker, 1995).

Closely related is the concept of “biodiversity”. Even today it is a pop-
ular belief among the general public that the utilitarian value of biodiversity
is to be located solely in the potential uses of genetic material (e.g. for phar-
maceutical purposes). Preservation of biodiversity is seen as a way of hold-
ing a diverse portfolio of assets with uncertain payoffs. But as T understand
it, biodiversity appropriately conceived is associated positively with a
system’s resilience and with its “productivity” {as measured by the flow of
energy and the internal cycling of nutrients). This implies that ccosystems
must harbour biodiversity if they are to be productive (Tilman, 1997).
There is then the important corollary that, to invoke the idea of substi-
tutability among natural resousces in commodity production in order to
play down the utilitarian importance of biodiversity, as people frequently do
(c.g. Simon, 1981, 1994}, is a wrong intellectual move. Biodiversity would
appeat to be a necessary condition for substitute ecosystem services to be
available. Its importance cannot be downplayed by the mere hope that
there are substitutes lying in wait.$

3 Daily (1997) contains a uselul collection of essays on the character of these services.

1 So, in concentrating on functional (as opposed to structural) characeeristics, 1 am 1aking
an entirely utilitarian view of ecosystems.

¥ Recovery can be costly, in some cases impossible. In short, sueh flips can i1 many cases he
regarded as irrebersible. The mathematics of “relaxation phenomena” offers a formal account of
what the intuitive notion of irreversibility amounts to. On this, see for example, Levin (1999},

5 Recall the famops analogy in Bhelich and Elulich (1981) relating species in an ecosystem
to rvets in an airplane: one by one, perhaps, species may disappear and not be missed. Eventu-
ally, however, the cumulative effect of loss of biodiversity will lead to the crash of ecosystem func-
tioning, just as the cumulative Joss of redundant rivets will lead to the crash of an airplane.
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3. MARkET FAILURE OwING TO 115 NON-EXISTENCE

So there is a link betweer ecological non-linearities and the ability of
the market mechanism to function well. But there is another broad class of
reasons why we should not expect markets to function well in regard to the
environmental resource-base, be they global or local.

The reason is that for many environmental resources markets simply do
not exist. In some cases they do not exist because the costs of negotiation
and monitoting are too high. One class of examples is provided by eco-
nomic activities that are affected by ecological interactions involving long
geographical distances (e.g. the effects of deforestation in the uplands on
 downstream activities hundseds of miles away); another, by large temporal
distances {c.g. the effect of carbon emission on climate in the distant future,
in a world where forward markets are non-existent because future genera-
tions are not present today to negotiate with us). Then there are cases (e.g.
the atmosphere, aquifers, and the open seas) where the nature of the phys-
ical situation (viz. the migratory nature of the resource) makes private prop-
erty rights impractical and so keeps markets from existing; while in others
(e.g. biodiversity; see Perrings er al., 1994), ill-specified or unprotected
property rights prevent their existence, or make markets function wrongly
even when they do exist. In short, environmental problems are often caused
by market failure.

Problems arising from an absence of forward markets for “transac-
tions” between the now and the distant future are no doubt ameliorated by
the fact that we care about our children’s well-being and know that they in
urn will care for theirs, and so on, down the generations. This means, by
recursion, that even if we do not care directly about the well-being of our
distant descendents, we do care about them indirectly. However, there is a
distinct possibility that our implicit concern for the distant future via such
recursion {s inadequate. This is why many economists have argued that
market rates of interest do not reflect social discount rates’” In short,
market failure involves not only misallocasion of resources in the present,
but also misallocation across time.

Since markets cannot be relied upon to provide us with prices that
would signal true environmental scarcities, there is a need to develop tech-
nigues for enabling us to do so. A great deal of work in environmental and
resource economics has been directed at discovering methods for estimat-

7 Lind (1982), Arrow e¢f al {1996} and Dasgupta, Maler, and Barrewr {1998) contain
accounts of these considerations.
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ing notional prices, often called “accounting prices” by economists, that
could be used by decision-makers.® But for the most part practical methods
have been developed for estimating the accounting prices of amenities —
relatively few for the multitude of ecosystem services that constitute our
life-support system.? This is why the indicators of social well-being fre-
quently in use {e.g. gross national product per head (GNP), life expectancy
at birth, and the infant susvival rate) do not reflect deteriorations in the
environmental resource base which might be expected to be associated with
economic activities,

4. INDICATORS OF SOCIAL WELL-BrinG: GNP vs, NNP

To illustrate, consider that such indices of the standard of living as
GNP per head pertain to commodity production, they do not fully take
into account the use of natural capital in the production process. So statis-
tics on past movements of gross product tell us nothing about the environ-
mental-resource base. They do not say if, for example, increases in GNP
per head are not being realized by means of a depletion of this base (for
example, if increases in agricultural production are not being achieved by
“mining” the soil, lowering of water tables and impairment of other ecosys-
tem services). Such impairment can easily go unrecorded because, as I
observed carlier, the use of ccosystem services all too often involves trans-
actions that are not mediated by an effective “price system”. So, for exam-
ple, if, when drawing water from an aquifer, individual farmers were to
ignore the effect of their extraction on others’ fusure extraction costs owing
to a lowering of the water table, the social cost of agriculrural production
would exceed the farmers® private costs, Fven though each farmer would,
typically, impose only a small additional cost on others, the sum of the costs
imposed by each on all others could well be substantial, This means that it
is possible for the real costs of agriculrural production to exceed the market
prices of agricultural produce. Indeed, i is even possible for their marker
prices to decline over time even while the real cost of production is rising
(see accompanying figure, where a hypothetical case is shown). By concen-
trating on current-welfare measures, such as GNP, market prices of agricul-

# Resources for the Future, & research institution in Washington, D.C., has been a pioneer
in this feld of inquiry.

# An example is the “contingent valuation method” (see Mitchell and Carson, 1989), which
was devised for eficiting in quantitive terms, through the use of questionaires, the extent to which
people value environmental amenitics.
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tural produce, and life expectancy at birth, economists, journalists and
political Jeaders have, for the most part, Wrongly bypassed the links that
exist between population growth, increased material output, and the state
of the natural-resource base.

Over the years environmental and resource economists have demon-
strated how national product, i it is to function effectively as an index of
the standard of living, should iaclude the value of changes in the environ-
mental resource-base that occur each year.'® They have also shown that,
when it is propetly defined, this index, which measures rer national prod-
uct {INNDP), takes into account the effect of changes in stocks of natural
capital on future consumption possibilities. But note that it is possible for
an economy to record increases in GNP per head over an extended period
even while NNP per head is declining (see the accompanying diagram}. We
should be in a position to say if this has not been happening in the various
regions of the world. But the practice of national-income accounting has
lagged so far behind its theory, that we have little idea of what the facts
have been. It is therefore entirely possible that time trends in GNP per
head give us a singulatly misleading picture of movements of the true stan-
dard of lving.

To put the matter otherwise, current-day estimates of GNP are biased
because the accounting value of changes in the stocks of natural capital are
not taken into account. What is usually called NNP merely deducts the
depreciation of manufactured capital (e.g. buildings and machinery} from
GNP, The NNP whose use we are advocating here goes farther by also
§<’duc1mg> the depreciation of natural capital. In other words, NNP esti-
mates used in policy debates are biased because a biased set of prices is in
use. As their accounting prices are not available, epvironmental natural
resources on site are frequently imputed to have no value. This amounts to
regarding the depreciation of environmental capital as of no consequence.
But as these resources are scarce goods, their accounting prices are positive,
So, if they depreciate, there is a social loss. It means that profits attributed
to projects that degrade the environment are greater than the social profits
they generate, Estimates of their rates of retusn are higher than their true
rates of return, Wrong sets of investment projecis therefore get selected, in
both the private and public sectors: resource-intensive projects look better
than they actually are. It should be no surprise then that installed technolo-
gies are often unfriendly towards the environment. This is probably so

10 See, for example, Miler (1974), Dasgupta and Heal {1979), and Dasgupta and Maler
(1998a).
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especially in poor countries, where environmental legislations are usually
neither strong nor effectively enforced.

The extent of such bias in investment activities will obviously vary from
case to case, and from country to country. But it can be substantial, In their
work on the depreciation of natural resources in Costa Rica, Solorzano et
al. (1991) have estimated that in 1989 the depreciation of three resources —
forests, soil, and fisheries — amounted to about 10 percent of gross domes-
tic product and over a third of gross capital accumulation.

One can go further: the bias extends to the prior stage of research and
development. When environmental natural resources are underpriced (in
the extreme, when they are not priced at all}, there is little incentive on
anyone’s part to develop technologies that would economise on their use.
So the direction of technological research and technological change are sys-
tematically directed against the environment. Often enough in consequence,
environmental “cures” are sought once it is perceived that past choices have
been damaging to the environment, whereas “prevention” would have been
the better choice.

5. ENVIROMNENTAL TAXES AND SUBSIDIES

Taxes, subsidies, even quantity restrictions, are but the other side of
accounting prices. We should interpret taxes on the use of environmental
services to be the difference between market and accounting prices. One
way of improving the performance of markets. is to impose regulations on
resource users; for instance, quantitative restrictions on the discharge of
toxic substances and on activities that can curtail ecosystem services, As
noted above, the services that underpin their production and perform other
life support functions of cleansing, recycling, rensewal, and protection from
lethal hazards, are not priced in the market place. Therefore society, collec-
tively, needs to control such things as the use of insecticides in ways that
damage natural pest control or pollination services, use of rivers or oceans
for sewage disposal, or the release of chemicals that assault the ozone
shield. Strictly enforced quotas can also be imposed on fish harvests.

U To give an example, Chichilnisky and Heal (1998) have compared the costs of restoring
the integrity of the Causkills Watershed, in New York State, to the costs of replacing the natural
water purification services the ecosysters hag provided in the past by building an $8 billion water-
purification plant. They have shown the overwhelming cconomic advantages of preservation over
cure: independent of the other services the Catskills watershed provides, and ignoring the annual
running costs of $300 million for a filieation plant, the capital costs alone showed a more than 6-
fold advantage for investing in the natural-capiral base.
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Another way to improve the performance of markets is to introduce
systems of taxes on “harmful” activities and subsidies for “beneficial” ones.
They would include pollution charges, taxes on fish harvested, and on
activities that would degrade ecosystem services (for example, release of
carbon dioxide or deforestation that reduces flood control). The idea here
is to choose the rates of taxation to reflect the harmful spillovers these
activities inflict on those not engaged in them. By the same token, subsidies
can be (and are) given for the acquisition and dissemination of knowledge.
Environmental taxes and subsidies, if chosen judiciously, would bring the
prices of environmental goods and services in line with their value to soci-
ety, and thereby improve the performance of the market system.

Gach of the two schemes has advantages and disadvantages over the
other. Regulations may produce faster, surer results. But environmental taxes,
when properly designed, often can reduce pollution more effectively than
regulations. In addition, there is a presumption that tax revenues would
enable the government to reduce other, economically distorting taxes (e.g.
taxes on carned income) There is thus a possibﬂity that the imposition of
environmental (or “green”) taxes could yield a “double dividend”: less pollu-
tion and a more efficient economy. This rhetorical phrase has been much
used in recent years to persuade governments to impose such taxes. But in
the real world, the double dividends may not matetialize. The pollution tax
may drive up prices, cost jobs, reduce the tax base, and require increases in
such distorting taxes as those on income. Such cascading consequences can
plague those trying to manage both economic and ecological systems.

6. VALUING CHANGES TO THE ENVIRONMENT VS, VALUING THE ENVIRONMENT

It is worth emphasising that the purpose of estimating environmental
accounting prices is not to value the eniire epvironment; rather, it is to eval-
uate the benefits and costs associated with changes made to the environ-
ment due to human activities, Prices have significance only when there are
potential exchanges from which choices have to be made (for example,
when one has to choose among alternative investment projects). Thus, the
statement that a particular act of investment can be expected to degrade the
environment by, say, 1 million dollars annually, has meaning, because it says
among other things that if the investment were not to be undertaken, then,
other things being the same, humanity would enjoy an additional 1 million
dollars of benefits in the form of environmental services. The statement also
has operational significance: the estimate could (and should!) be used for
calculating the rate of return attributable to the Investment in question.
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However, there is no meaning in such a string of words as that world-
wide the flow of environmental services is currently worth 33 trillion US
dollars annually (Costanza e al,, 1997). The reason it has no meaning is
that if environmental services were to cease, life would not exist. Therefore,
to say that world-wide the flow of environmental services is currently worth
some 33 trillion US dollars annually has no more meaning than the asser-
tion that humanity is worth 33 trillion US dollars annually, But what would
it mean to say that humanity is annvally worth this figure, or for that matter
any figure? Who would be there to receive those dollar benefits if human-
ity were to exchange its existence for them? It is not so much the crudeness
of the estimate as its meaninglessness that is the faral flaw.

The point js important. It does not do to defend such estimates against
criticism, as one of the authors has done, by insisting that they are a mere
“first cut” at what is a very difficult measurement problem (Robert
Costanza, as reported in Masood and Garwin, 1998, p. 430). The point of
the criticism is not that the authors got their estimates “wrong”, that further
work would get the estimate more nearly right; the point of the criticism is
that the very idea of arriving at a figure for the dolar worth of global envi-
ronmental services is meaningless, 2

Nor does it do to say that publicizing the estimate has done a service
by brivging environmental concerns onto the agenda of public discourse,
Wrong arguments, no matter how well intentioned the cause, can only
undermine progress and confound isues, The essential point is that life
would be extinguished if all environmental services were to cease. One does
not have to engage in economic accounting to arrive at this simple truth.

7. INSTITUTIONAL FAILURE AND ECosysTeEM DESTRUCTION

To sum up: markets cannot be relied upon to generate correct signals
of resource scarcity not only becanse the nature of the situation surround-
ing ecosystem services can keep certain crucial markets from existing, but
also because ecological processes that are involved in the transformation of
goods and services into other goods and services frequently involve “non-
finear” processes. Non-linearities make their presence particularly felt when
the systems in question are under stress (e.g. when they approach “thresh-
olds”). This being so, we should not expect markets to generate those sig-

12 Massood and Garwin (1998, p. 430) appear to think that i is meaningless only in the
context of what they call “neo-classical economics”. In the text we have stressed the facr is that it
is meaningless in any context.
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nals which would alert us to impending shifis in the stability regimes of
ecosystems. IHuman populations have on occasions been unable to prevent
suffering from unexpected flips in their local ecosystems because of this.

This said, ecosystem degradation can occur not only because of masket
failure, it can occur also because of bad government policies (e.g. because
of wrong tax policies).”? We may put the matter more generally: an under-
lying cause of environmental degradation is zustétutional failure. I T have
stressed market failure in this essay, it is because we economists understand
the market mechanism better than non-economists, and because we under-
stand it better than we understand most other resource allocation mecha-
nisms. But the various types of institutional failure I have alluded to pull in
different directions and are together not unrelated to an intellectual tension
between the concerns people share about such matters as mean global
warming and acid rains, which sweep across regions, nations and conti-
nents; and about those matters (such as, for example, the decline in fire-
wood or water sources) that are specific to the needs and concerns of the
poor in as small a group as a village community. Environmental problems
present themselves differently to different people. Some people identify
environmental problems with population growth, while others identify
them with wrong sorts of economic growth. Then there are others who
view them through the spectacle of poverty. Each of these visions is correct.
There is no single environmental problem; rather, there is a large collection
of them, some global, many local.

Over the past many years now, eavironmental and resource economists
have responded to this fact by identifying desirable institutional reforms in
a case-by-case manner. Alterations to prevailing structures of property
rights, the imposition of environmental and resource taxes, regulations,
local-community control, and various other devices that change individual
and group incentives have been much discussed. Contrary to what is fre-
quently suggested in popular writings on environmental matters, the tools
of modern economics ate #of trestricted to the study of convex systems.
Many of the lessons drawn have been put into use, most especially in west-
ern industrial countries.

However, far less work has been done on the economics of local
ecosystems in poor societies. There is a reason for this. Because economic
systems often do not generate signals that would alert the public of growing
resousce scarcity, it can be a very difficult matter for those who suffer from

B Binswanger (1991) has argued that government policies in Brazil regarding agricultural
income and land ownership have in the past provided incentives for deforestation in the Amazon
basin,
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the economic consequences of the scarcity to get an environmental problem
placed on the agenda of public discourse. In poor countries, for example,
there are strong links between houschold poverty, local environmental dete-
rioration, and a weak political voice (see e.g. Dasgupta, 1997). As in many
other aspects of life, the political economy of the matter, and in particular
governance, is at the heart of many environmental problems.
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ENERGY PRUDENCE

WALLACE 5. BROECKER

INTRODUCTION

A debate rages regarding the significance of the changes in climate
which will occur during the next century as the result of the ongoing
buildup of greenhouse gases in the Earth’s atmosphere, A large majority of
scientists involved in atmosphere and ocean research support the conclu-
sions of the IPCC report which state that if unabated, this buildup will
result in a significant warming of the planet with consequent changes in
rainfall, storminess, and soil moisture, These changes, which will intensify
over the course of the next century, may adversely impact the production of
food and will certainly pose an additional threat to the already stressed
wildlife on our planet.

One prominent atmospheric scientist, MIT’s Richard Lindzen, strongly
opposes this view. He correctly points out that a significant warming will
occur only if the primary forcing (by CO,, CH,, N,O, CFCs) is amplified
by an increase in the atmosphere’s water vapor content. In the absence of
this water vapor feedback, a tripling of the atmosphere’s CO, content
would lead to only a 1.8°C global warming. The general circulation models
(GCMs) employed by atmospheric scientists have in common that the water
vapor content of the atmosphere rises in proportion to the vapor pressure
of water (i.e., about 7 percent per °C) and thereby through its large infra
red absorption capacity generates an amplification of primary warming by a
factor of about 2.5, thus vaulting the warming for a CO, tripling to about
4.5°C. Lindzen (1982) is convinced that existing general circulation models
(GCMs) models do not distribute water vapor correctly and, in particular,
that the water vapor content of the air descending over the desert regions
of the world will decrease rather than increase. As these regions constitute
the atmosphere’s major radiator, this decrease would tend to null the pri-
maty CO, warming,
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My view lies at the opposite pole from that of Lindzen. I believe that
the results obtained using GCMs are the best guide we have to the future.
Further, in addition to the gradual warming predicted by these GCMs, 1
fear that our planet’s climate system may ultimately undergo an abrupt reor-
ganization. If the Earth’s response to the buildup of greenhouse gases is as
large as the GCMs predict and if the buildup were to triple the pre-indus-
trial CO, content (i.e. 3x280 or 840 ppm), there is a distinct possibility that
warming and increased precipitation in the polar regions will lead to a dis-
ruption of the ocean’s large scale thermohaline circulation. By analogy to
events recorded in ice cores, in mountain moraines and in rapidly accumu-
lating marine sediments, sach a disruption would bring about a large and
abrupt change in the climate of our planet.

ExpeCcTED MAGNITUDE OF THE GREENHOUSE BUILDUP

Before discussing the evidence in support of a possible greenhouse-
triggered reorganization, a few words regarding the expected magnitude of
the anthropogenic buildup of the atmosphere’s greenhouse capacity ase in
order. While ft must be kept in mind that currently the impact of excess
methane, nitrous oxide and CFCs roughly match that of CO,, it is CO,
emissions that pose the major future hazard for they will prove to be the
most difficult o rein in. We now emit 6.8 gigatons of carbon (GtC) as CO,
per annum. To this must be added about one GtC per year resulting from
deforestation. With an expected increase in population to 9 or 10 billion
and with the expected increase in the standard of living of people in devel-
oping countries, were fossil fuels to remain our primary source of energy,
then it is likely that the CO, emissions will rise well above 10 GtC per
annum before 2050 A.D. As shown in figure 1, were emissions to average
10 GtC over the entire course of the 215t century, then in the absence of a
significant enhancement of storage in terrestrial biomass (i.e., trees and soil
humus) the CO, content would reach well into the danger zone. By this, I
mean that when the greenhouse contributions of CH,, N,O and CFCs are
taken into account the greenhouse capacity of the atmosphere will surpass
the level at which models suggest that thermohaline circulation would be
seriously impacted (see Manabe and Stouffer, 1993 and Stocker and
Schmittner, 1997). Even if by the end of the next century enhanced storage
of catbon in the terrestrial biosphere reached the generous magnitude of
200 GtC, the greenhouse content of the atmosphere would still reach into
the danger zone. In order to avoid entry into this zone, we would have
either turn to non-fossil fuel sources to supply roughly half of the energy
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Fig. 1. If over the next century 1000 GtC are refeased into the atmosphere as the result of fossil
fuel burning and deforestation, then in the absence of significant greening of the terrestrial bio-
sphere roughly 80 percent will remain in the atmosphere raising its CO, content to about 7350
ppm. If we are lucky and greening driven by fixed nitrogen and carbon dioxide increases storage
in the terrestrial biosphere by as much as 200 G:C, CO, would increase to about 640 ppm. The
only way by which the CO, content could be held below 508 ppm would be to capture and store
more than haif of the CO, generated or to substitute non-fossil-fuel energy systems for at least half
of the conventional sources. When the contribution of CH,, N,O and the CFCs are taken into
account, a CO, buildup to more than 600 parts per million puts us in the danger zone with regard
to a shutdown of thermohaline circulation.
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needed in the twenty-first century or we would have to sequester roughly
half of the CO, generated by fossil fuel burning over the course of the
twenty-first century.

Tore Crivaric Recorn

The basis for the claim that the Earth’s climate system is capable of
jumping from one mode of operation to another comes from records stored
in polar ice (Dansgaard et al., 1993), in rapidly deposited marine sediments
(Behl and Kennett, 1996; Schulz et 4/, 1998}, and in the moraines formed
by mountain glaciers (Denton and Hendy, 1994). Taken together, these
records provide convincing evidence that these switches were abrupt,
strong, and global. By ‘abrupt’, I mean that they were completed in two to
four decades. Furthermore, during the transition interval climate flickered
{Taylor er al., 1993} much as do fluorescent lights when they are turned on.
By ‘strong’, I mean that they eclipsed, by far, any climate change experi-
enced during historic time. By ‘global’, I mean that their impacts were felt
everywhere on the planet.

As T have published several papers summarizing this evidence (see
Broecker, 1997b), I will present here only a brief recap. During the course of
the last glacial period, the Earth experienced 20 or so millennial-duration
oscillations in climate between a very cold state and an intermediate cold state.
The last of these major chills has been dubbed the Younger Dryas (Y. D.). Tts
abrupt ending came 11,500 years ago. Since then, excépt for one-century
duration cooling centered at 8,200 years ago (Alley e# al., 1997), the Earth’s cli-
mate system has remained locked in its interglacial mode. The birth of agri-
culture occurred early in the present interglacial (and probably in response to
the reduction in middle eastern rainfall brought about by the demise of glacial
climates). Hence, civilization as we know it developed during a period of
unusual climate quiescence. No mode change has marred its progress.

Due to a combination of results of annual layer-counting in Green-
land’s ice cores, radiocarbon dating of moraines and sediments, and tho-
rium-uranium dating of corals and speliothems, we can speak with confi-
dence about the chronology of the events of the last 130,000 years These
results provide a firm absolute chronology covering the entire duration of
the last major glacial-interglacial cycle. In particular, the radiocarbon
method allows us to correlate events during the last 40,000 years across the
entire planet.

Much of the information comes from 2 three-kilometer-long ice cores
located close to the geographic center of the Greenland ice cap. Drilled at
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sites separated by 30 kilometers, these cores provide records agreeing to the
finest detail back to 110,000 years ago (i.e., back to roughly the middle of
the last interglacial). The oxygen isotope record in the ice itself provides the
pattern of the temperature changes (see figure 2). The structure of the tem-
perature profile measured in the bore hole itself provides a means of cali-
brating the isotope record. It shows that the mean air temperature over
Greenland’s ice plateau was on the average about 16°C colder than now
during glacial time (Cuffey ef al., 1994). The dust content in the ice varied
in concert with the isotopes (Mayewski ¢# 4/, 1994). It ranged up to 50
times higher than today’s concentration. As isotope fingerprinting (via radi-
ogenic daughter nuclides of the elements lead, strontium and neodymium)
demonstrates that this dust originated in Asia’s Gobi Desert (Biscaye ef al.,
1997), this concordance requires that the storminess over Asia underwent
jumps in frequency and intensity in exact concert with Greenland’s air tem-
perature changes. Furthermore, the input of dust clearly flickered during
the transitions (Taylor ef al., 1993). Finally, the methane content of air trapped
in bubbles in the ice shows sharp changes (Chappellaz ¢f of., 1993; Brook
et al., 1996) which have been shown to be synchronous with the dust and
temperature changes (Severinghaus ez 4/, 1998). As the major source of
methane during glacial time was likely to have been tropical swamps, these
water bodies must have become warmer and wetter at the times of the
abrupt cold to warm transitions in Greenland.
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Fig. 2. The pattern of temperature change over the last 110,000 years as recorded by the 20 o %60
ratio in Greenland ice (Dansgaard ef af, 1993), The absolute temperature range has been inde-
pendently determined from the temperature profile measured in the borehaole (Coffey ef al., 1994).
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Further evidence for the widespread occurrence of Greenland’s millen-
nial duration events comes from marine sediments from areas of high sedi-
mentation rate (i.c., »50 cm/10% yrs.). Three such sites, one in the Santa Bar-
bara basin off California (Behl and Kennett, 1996), one in the Arabian Sea
off India (Schulz ef 4/, 1998), and one in the Cariaco Trench off Venezuela
(Hughen, personal communication), are currently bathed in oxygen-poor
intermediate depth water (see figure 3), During the present interglacial, the
sediments at these sites are for the most part annually layered demonstrating
that oxygen is absent in the sediment pore waters, This absence prevents
worms from stirring the sediment and thereby erasing the layering. At all
three locations, the O, content of the sediment must have been considerably
higher during the Younger Dryas and also at the times of millennial-duration
cold extremes. This alternation in thermocline O, content makes clear that
some combination of the rate of ventilation by O,-rich surface waters and
the rate of rain of organic matter from the overlying water at these cold

Tig. 3. The red dots depict localities on the globe where the fulf set of Greenland’s Dansgaard
Qeschger events have been identified (Behd and Kennett, 1996; Schulz et @/, 1998). The yellow
dots depict localities where radiometric ages confirm a Younger Dryas age for mountain |
moraines {Gosse ez al., 1995; Denton and Hendy, 1994; bvy-Ochs ¢f al, 1996) and for 30 cold
anomalies in Andean ice cores (Thompson ef al, 1998). The biue dots depict southern sites
where these events are antiphased with respect to those for the rest of the globe (Blunier ef a2,
1997 and 1998),
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Flig. 4. Oxygen isotope (Grootes ef k., 1993), snow accumulation rate (Aliey ef of, 1993), calcium
component of dust (Mayewski ¢2 4/, 1994) and methane content of trapped air (Chappellaz ef o/,
1993) of Summit Grenland ice cores for the deglaciation period including the Bolling-Allerod
(BOA) warm and the Younger Dryas (YD) cold.

times must have to be maintained higher pore water O, contents. While it is
not possible to say exactly how the operation of the upper oceans changed,
the fact that the same temporal pattern is seen in the Pacific, Indian and
Atlantic Oceans suggests that the changes were global in scale.

Detailed measurements of alkenone ratios (an excellent paleother-
mometer) on rapidly accumulating sediment from a site near Bermuda
reveal that during the time interval 30 to 60 thousand years ago, surface
water temperatures in the Sargasso Sea underwent 4 to 5°C changes in con-
cert with the temperature swings observed in the Greenland ice core (Sachs
and Lehman, in press).

Only for the period between the onset of the Bolling-Allerod warm
period which brought to an end the last glacial period and the subsequent
Younger Dryas cold lapse (see figure 4) do we have extensive coverage for
the continents. The pollen records contained in bog and lake sediments
clearly demonstrate that a profound global vegetation change occurred at
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the time of the onset of the Bolling-Allerod warm. The vastness of this cli-
mate change is also recorded by closed basin lakes in desert regions. Prior
to the onset of the Bolling-Allerod, Lake Victoria which straddles the equa-
tor in East Africa was bone dry (Johnson ef 4/, 1996). The lake reappeared
carly in the Bolling-Allerod. The nearby Red Sea had become so saline
during late glacial time that planktonic foraminifera could no longer survive
(Hemleben et al., 1996). Then suddenly at the onset of the Bolling-Allerod
warm, planktonic foraminifera reappeared. In contrast, the situation in the
North America’s Great Basin was exactly the opposite, During late glacial
time its closed basin lakes, Bonneville and Lahontan, were as much as ten
times larger in area than those of the present day remnant lakes (Benson,
1981, 1993). The shutdown of the water supply that maintained these large
lakes came at the onset of the Bolling-Allerod. Hence, not only was this
event matked by a pronounced global warming but also by a major redis-
tribution of rainfall (see Broecker ez @i, 1998).

GREAT GOEAN {'}C}q?!;i\f EYORBELY

D

Fig. 5. A conveyor-like circulation in the Atlantic Ocean carries an enormous amount of heat to
the vicinity of Iceland. Here winter cooling densifies this already salty water allowing it sinls to the
botrom. This newly formed deep water flows o the sowth passing around the southern tip of
Africa where it s joined by deep waters formed in the Weddelt Sea. These waters mix to form: a
circumpolar deep current, which swirls around the Antarctic continent. This warer eventually
peals off and fioods the deep Indian and Pacific Oceans Broecker, 1991).
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ABROPT-CHANGE TRIGGERS

Only one part of the climate system, the Atlantic Ocean’s conveyor cit-
culation, has been demonstrated to have clear defined alternate modes of
operation {figure 3). Model studies demonstrate that the ocean’s large-scale
thermohaline (thermo = cold, haline = salty) circulation can lock into more
than one pattern (Marotske and Willebrand, 1991, Stocker er al, 1992;
Rahmstorf, 1994, 1995). The existence of these alternate patterns is possible
because the deep sea can be ventilated from both high northern and south-
ern latitudes. Which particular source locale dominates depends on the dis-
tribution of salt in surface ocean waters (the density of seawater rises with
increasing salt content and with decreasing temperature). Today’s ocean
surface waters of the northern Pacific are so low in salt content that even
when at their freezing point {i.c., —1.8°C) they do not descend more than a
few hundred meters. By contrast, waters in the northern Atlantic are par-
ticularly high in salt content. When cooled to only +2°C, they become
dense enough to sink to the bottom and flood southward into the circum-
polar raceway surrounding the Antarctic continent. While the surface
waters in the Southern Ocean are, like those in the northern Pacific, too
fresh to permit them to sink to the abyss, beneath the sea ice pack covering
the narrow continental margin of Antarctica brines released during the
winter expansion of the ice densify the sub ice waters to the point where
they spill off the shelves and sink to the abyss. Currently these waters join
those emanating from the Atlantic to form a mix which flows northward
into the deep Pacific and Indian Oceans.

A variety of evidence from marine sediments tells us that the currently
important role of deep waters formed in the northern Atlantic was greatly
lessened during glacial time, Fusther, that reorganizations of the ocean’s
thermohaline circulation were intimate parts of the abrupt change process
is demonstrated by the record of “C to C ratios in the upper ocean and
atmosphere (Hughen ez 4/, 1998). These ratios have been reconstructed by
making radiocarbon measurements on carbon from materials of known cal-
endar age. Such calendar ages can be obtained by counting 