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The 1993 awards ceremony opened with a slide presentation showing the essential beauty of nature and how human
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His Highness Prince Akishino and Her Highness Princess Kiko attend the

awards ceremony for the 1993 Blue Planet Prize.

Prince Akishino and Princess Kiko
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Profile
Dr. Charles David Keeling

Professor, Scripps Institution of Oceanography at the University of California, San Diego

Education and Academic and Professional Activities

1948  B.A., University of Illinois

1953-56 Research Fellow, California Institute of Technology

1954  Ph. D., Northwestern University

195664 Assistant Research Chemist, Scripps Institution of Oceanography, University of
California, San Diego

1961-62 Guggenheim Fellow, Meteorological Institute, University of Stockholm

1964-68 Associate Professor of Oceanography, Scripps Institution of Oceanography,
University of California

1968  Professor of Oceanography, Scripps Institution of Oceanography, University of
California :

1969  Guest Professor, Zweiten Physikalisches Institut of the University of Heidelberg

1981  Half-Century Award of the American Meteorological Society

1986  Fellow, American Academy of Arts and Sciences

1990  Fellow, American Association for the Advancement of Science

1991  Maurice Ewing Medal, American Geophysical Union

Dr. Keeling has also been Scientific Director of the Central Carbon Dioxide Laboratory of the

World Meteorological Organization since 1976.

Dr. Charles D. Keeling is an earth scientist who has conducted pioneering research into car-
bon dioxide levels of the atmosphere and ocean, as well as the global carbon dioxide gas cycle.
The first to recognize the importance of scientifically measuring atmospheric carbon dioxide
levels, Dr. Keeling in 1958 began precise measurements using nondispersive infrared analysis
at the Mauna Loa Observatory in Hawaii and started atmospheric observation at the South
Pole. Continuing his research for more than 30 years, Dr. Keeling has amassed a great deal of
useful data. This long record of atmospheric carbon dioxide levels has provided the interna-
tional scientific community with an invaluable body of data that today forms the basis for an
ongoing discussion of global warming.

Born in 1928 in Scranton, Pennsylvania, Dr. Keeling received his undergraduate degree
from the University of Illinois. In 1954, he earned his doctorate from Northwestern University.
Dr. Keeling joined the Scripps Institution of Oceanography at the University of California, San
Diego, in 1956 and became the Professor of Oceanography in 1968, a title which he holds to
this day. '
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Lecture
A Brief History of Atmospheric Carbon Dioxide
Measurements and Their Impact on Thoughts about
Environmental Change

Dr. Charles D. Keeling

Introduction

More than a few people have wondered why I have spent 40 years focused mainly on a single
chemical molecule: carbon dioxide. I would like to explain to you how it was possible to main-
tain an interest in this simple molecule for so long. I will start by taking you back to the begin-
nings of science when neither this molecule, nor any other molecule, was known to anyone.
Then, after sharing with you some of the early developments of science which led to the dis-
coveries of carbon dioxide and its importance to life and to the Earth’s environment, I will
explain how I more or less accidentally became interested in studying this substance, and inad-
vertently joined a long succession of scientists who have investigated its role in nature.

Early History of Carbon Dioxide

Let us contemplate the world as seen by people living before the birth of modern science. We
can imagine that the most curious among them attempted to understand the nature of air, water,
and the matter which makes up living plants and animals. For example, people could perceive
that strong winds involved some kind of invisible substance. Perhaps it was the same substance
that caused bubbles under water. But lacking means to probe further into causes, and lacking
any understanding of how matter was made up of tiny molecules, they were unable to make
any great progress in understanding nature better. Thus, they had no real idea of why plants
have leaves, or how climate might be influenced by a changing composition of an atmosphere
made up of individual gases mixed together. Indeed, the notion that climates could change was
not thought about.

Because people then had no idea that plants exchange substances with the air and that
air contains substances that influence climate, the topic which became my life work could not
have been conceived before modern science laid the groundwork for understanding the chem-
istry of gases. Of course, people were free to speculate, and, as an example, Stephen Hales,
born in the late 1600s, asked in an essay on vegetables in 1727 whether the leaves of plants
might not be there because the plants drew some part of their nourishment from the air.

The discoveries which led to an understanding of the nature of air began in 1754 with
the observations in Scotland by Joseph Black, who found that something in air could be pre-
cipitated in water containing lime to make a milky solid material. This substance he called
“fixed air.”” It was actually carbon dioxide gas, but he had no idea that it was composed of car-
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Table 1 Early Measurement of CO;z in Air

Approximate Time Mean Concentrations Found

Alexander von Humboldt 1797 circa 1% (10,000 ppmv)
Theodore de Saussure 1815 ‘ 596 ppmv

1827 506 ppmv

1828 447 ppmv

1829 403 ppmv

1830 373 ppmv
Jules Reiset 1870 290 ppmv

bon and oxygen as the modern name implies, because these chemical elements had not yet
been identified.

During the next 30 years, a time shorter than I have been measuring carbon dioxide, the
chemistry of the atmosphere was worked out by the great “pneumochemists,” as they were
called at the time. The discovery was made that liquid water could be separated into two gases,
one of which was a new gas that was called “inflammable air,” but is now called hydrogen. The
other was later called “oxygen.” Soon afterwards that gas was discovered to be part of air,
where it is mixed with a nonreactive gas that later came to be called nitrogen. Fixed air, the gas
discovered by Joseph Black, was shown to consist of oxygen and another element that came
to be called carbon. Lavoisier, who discovered this a short time later, proposed the theory of
oxidation by which elements, in general, combine to form molecular compounds.

With this tantalizing insight into a basic premise of modern chemistry, the discovery of
many more elements and of many chemical reactions soon took place. Meanwhile, other nat-
uralists, led mainly by sheer curiosity as had been the first pneumochemists, began to probe the
process by which plants grow.

Even before Lavoisier had positively identified oxygen as a gas and given it its present
name, an Englishman named Priestly had found that vegetables grown in a confined space
caused the air to change in some way that supported combustion. He thus came close to real-
izing that plants give off oxygen when they grow, although he mistakenly thought the plants
were removing something from the air called “phlogiston.” Soon after Priestly’s discovery, a
Dutchman named Jan Ingen-Housz found that plants do what Priestly discovered only in the
presence of sunlight. In the dark they appeared to “poison” the air, as he said. A Frenchman,
Senebier, further noticed that plants grew better if they were supplied with “poisoned air,”
which he recognized to be not a poison at all but fixed air, that is, carbon dioxide. In 1796
Ingen-Housz then carried Senebier’s idea even further by proposing that the organic matter of
plants comes from the carbon that Lavoisier had found to be part of fixed air; that is, plants
don’t just transform carbon dioxide into some other gas, they utilize part of it, as well. Ingen-
Housz also suggested that this carbon is absorbed by plants through the leaves, not from the
ground as most people had previously supposed. Ingen-Housz cited the evidence of Alexander
von Humboldt that air typically contains 1% carbon dioxide.
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Von Humboldt’s first measurements of carbon dioxide in air were much too high. This
didn’t matter to Ingen-Housz’s theory, but it established a bad precedent. It took many years
before the amount present in the air was correctly measured, as indicated in the summary
shown in Table 1.

In 1804, Theodore de Saussure showed that water was also an essential chemical in pho-
tosynthesis, combining with carbon to make actual living matter. He also demonstrated more
clearly than Ingen-Housz that the carbon involved in plant growth came from the air. Curious
about the carbon dioxide in the air, he made the first detailed measurements of its concentra-
tion there, measuring it near Geneva, Switzerland, under different wind conditions, different
hours of the day and different months of the year. The mean value that he found was roughly
0.04% by volume, which I will put in modern units as 400 parts per million by volume (ppmv).
This value was much less than von Humboldt had found, but still in considerable error.

De Saussure’s Memoires, published in 1830, nevertheless ushered in a period of increas-
ingly precise measurements of atmospheric carbon dioxide, culminating in some nearly cor-
rect measurements in the 1880s by a Belgian named Jules Reiset. Reiset’s data were the first
to show correctly the seasonal cycle in atmospheric carbon dioxide. These data indicated that
summer values on the Atlantic Coast of Belgium were lower than winter values by about 10
ppmv. This seasonal difference we now know to be due mainly to the uptake of carbon diox-
ide by plants, which gradually reduces the amount of carbon dioxide in the air over the whole
Northern Hemisphere from May to September, and over the Southern Hemisphere from
November to March. Unfortunately, none of the other investigators of carbon dioxide repro-
duced the seasonal cycle even approximately correctly, casting doubt on all of their data.

After the 1880s, interest in carbon dioxide diminished for reasons which I have not
been able to establish. Indeed, a quick and easy but not very precise 19th century technique of
measurement, called Pettenkofer’s Method, became the most common method for measuring
carbon dioxide, so that measurements actually became less precise than the best of those of the
19th century. The 20th century data were generally higher than the correct concentrations,
although of course this wasn’t known at the time.
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In the 1930s, in the midst of this period of low interest in atmospheric carbon dioxide,
a steam technologist named G. S. Callendar made a personal hobby of carbon dioxide. In a
series of papers, he summarized what was known about atmospheric carbon dioxide and its
likely effect on climate. He attempted to select the most reliable measurements from the past
for study. I have plotted these observations in Fig. 1, distinguishing the ones that he considered
most reliable. From these he came to the conclusion that the combustion of coal, along with
the other major fossil fuels, methane and petroleum, was probably responsible for causing
atmospheric carbon dioxide to increase, as the observations indicated. He correctly perceived
that ocean water contains a vast reservoir of bicarbonates and carbonate salts which react
chemically with carbon dioxide. He thus supposed that the world oceans had absorbed some
of the carbon dioxide produced by combustion. However, on the basis of the direct carbon
dioxide observations, he was misled into concluding that the rise in carbon dioxide actually
exceeded the amount that had been added to the air by fuel combustion. His most detailed arti-
cle on the subject was published in 1938 but he continued to publish articles on the subject until
1958, thus overlapping with my first studies. Indeed, we exchanged letters just before his last
article was written.

This brings my talk to where I will discuss my own work. From this point on I will call
carbon dioxide by its chemical name, CO».

A Career Measuring Carbon Dioxide

My interest in atmospheric CO; came about quite accidentally. As a student I had studied the
irradiation of polymeric films by high-energy neutrons from a nuclear reactor, a subject hav-
ing little to do with environmental science. After receiving my doctoral degree I decided to
change fields and study geological processes, from the viewpoint of a chemist. At the
California Institute of Technology, in Pasadena, California, my supervisor, Dr. Harrison
Brown, allowed me to choose a topic to study, and I decided to determine how the acidity of
natural waters is influenced by contact with CO> gas in the atmosphere. The rivers and lakes
that I visited all happened to be near forests. As part of my experiments, which began in 1954,
I'measured the pressure exerted by CO2 dissolved in the water, and the amount of CO; in the
air. Since I didn’t know how constant the CO; concentrations in air might be, I made mea-
surements every few hours for a day at a time, thus obtaining measurements during both dark
and light periods. Inadvertently I was measuring the diurnal cycle of CO; in forest air.

To carry out my measurements of CO2, I built a manometer, which is a device that mea-
sures the pressure of CO2 gas in a confined volume. By measuring the temperature of the gas
as well as the pressure, and by calibrating the confining volume, the manometric determina-
tion of CO2 gave a higher precision than had been attained previously by chemical methods. I
also similarly measured the quantity of air by the same technique beforehand, and I separated
the CO2 from the air using a new method that I had read about, freezing it out in a trap cooled
with liquid air.

My first measurements were made with only a brief prior investigation of the scientific
literature. But soon I began to search this literature to learn about atmospheric CO>. I found
out, of course, that it was reported to be quite variable in concentration. For example, only a
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Table 2 CO; Concentration in Different Types of Air (Buch, 1948)

High Arctic: 150 — 230 ppmyv
Modified Arctic: 283 —316 ppmv
Maritime Polar: 309 — 345 ppmv
Tropical: 319 — 349 ppmy

ppmv: parts of CO2 per million parts of dry air by volume

short time previously, in 1953, a comprehensive book on the geochemistry of all of the Earth’s
elements was published. The chapter on carbon quoted extensive CO2 data by a scientist from
Finland named Kurt Buch. As shown in Table 2, Buch had decided that air from different
regions of the Earth showed characteristic concentrations that varied from below 200 ppmyv in
the Arctic, to nearly 350 ppmv in tropical regions. At first I could see no reason to question
these data.

Neither did Karl Gustav Rossby, a world famous meteorologist who had pioneered
weather forecasting in America and had recently returned to his native Sweden to establish an
institution of meteorology there. He decided to include chemical measurements in the study of
meteorological processes at his new institute. To do so, he helped to establish a network of
some 50 locations in Scandinavia. Measurements of CO at these locations began the same
year that I made my first measurements. The Scandinavian data appeared in each issue of a
new Swedish journal of geophysics called Tellus. The measurements evidently confirmed that
large variations of atmospheric CO2 occurred even in the open air away from plants and major
cities, just as Buch’s data had indicated.

Since I had been measuring CO; in forested areas which might be expected to promote
large variations, I was surprised to find that measurements which I made in the afternoon had
nearly the same CO7 concentration everywhere that I went, contrary to the Scandinavian data.
Afternoon is when the heating of the ground by the sun causes the air near the ground to mix
with air above the trees, so that the effect of photosynthesis on the concentration of CO2 should
not be very strong. I decided that I was probably measuring the same CO2 concentration as was
occurring above the trees. To confirm this, I made additional measurements away from trees,
on beaches of the Pacific Ocean during sea breezes, on high mountains at elevations too high
for trees to grow, on deserts near my home where there were hardly any plants at all and, with
the help of a professor at the Scripps Institution of Oceanography, in air collected on a ship in
the eastern Pacific Ocean near the equator. In all cases I found the concentration of CO2 in the
afternoon to be close to 315 ppmv. I came to the conclusion that the published 20th century
data generally were in error and that the CO; concentration, when not locally influenced, was
nearly the same at least from the equator to the northern limits of the United States, and per-
haps everywhere.

It took me two years to reach this conclusion. The year was 1956. I learned that plans
were being made for a large international study of the environment called the International
Geophysical Year, and that this study was to include measurements of atmospheric CO2. These
were to be patterned after the Scandinavian program already operating. I expressed my con-
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cerns to several planners of the International Geophysical Year that the data might not be very
useful if the Scandinavian method were to be used. One of these planners was Dr. Harry
Wexler, director of research for the U.S. National Weather Service. I showed him my best
open-air measurements of CO2 which suggested that the concentration of CO2 varied only
slightly with the previous location of the air, contrary to the Scandinavian data. His response
was to tell me about a new remote station where such measurements could be made over long
time periods. The location was called the Mauna Loa Observatory on the island of Hawaii. The
observatory had been constructed the year before, high on the mountain of Mauna Loa. He was
eager to see the observatory used during the International Geophysical Year, and he encour-
aged me to try to make measurements there.

I also talked with Roger Revelle, director of the Scripps Institution of Oceanography.
From his own examination of the existing measurements of CO2 over the past century, he still
accepted the idea that CO; varied from place to place. He argued that the best way to decide
whether CO2 was increasing in the air was to obtain a limited number of measurements in
many places so as to establish an average “benchmark” value of the global average concen-
tration. Then in 10 or 20 years one could remeasure CO; to see if it had increased in the air. He
proposed that I make extensive CO2 measurements from ships and airplanes.

In the summer of 1956 I moved to the Scripps Institution of Oceanography and with the
urging of both Revelle and Wexler I followed both of their approaches. The scope of the study
is shown in Fig. 2.

The method of measuring CO; that I had used at the California Institute of Technology
had allowed me to analyze about 500 samples in two years. To accomplish a much more exten-
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Table 3 CO; Concentration in Different Regions in 1962

Arctic: 313 -325 ppmyv
Pacific Ocean at 20 °N: ~ 315-321 ppmv
Equatorial Pacific: 317 - 321 ppmv
South Pole: 317 -319 ppmv

Measurements by the Scripps Institutions of Oceanography

sive program for the International Geophysical Year, I took advantage of semiautomatic
infrared gas analyzers which had become commercially available. None of them had been used
to measure atmospheric CO2 precisely, but at least one model seemed likely to be capable of
doing so. After testing this one, I was able to purchase several, including one unit for the
Mauna Loa Observatory, one for Antarctica, one to be put on a ship, and one for my labora-
tory in La Jolla. They had to be calibrated, and for this purpose I built a new and more precise
manometer. This manometer was completed in 1959; it is still the basis of calibrating the gas
analyzers in my program and since 1975 has been the primary basis for calibrating atmos-
pheric CO; analyzers internationally.

At the close of the International Geophysical Year in 1959, it became clear that the
gathering of data to fulfill Dr. Revelle’s benchmark study should not be shut down and started
up again only after 10 to 20 years, as he had first suggested. Especially the data from the
Mauna Loa Observatory and the South Pole showed interesting features never seen before in
any CO2 data. These became more and more interesting as the records became longer. A
clearly marked seasonal oscillation had shown up in the data from the Mauna Loa Observatory
in the first year of uninterrupted measurements, beginning in the final months of 1958 and
extending through 1959, as shown in Fig. 3. We know now that a similar cycle appears every-
where in the Northern Hemisphere. Thus, it seems astounding that this cycle was never clearly
seen in earlier measurements, since the methods available in the 19th century were already
adequate to show it. The times of fall and rise in CO2 corresponded to the expectations of when
plants absorb CO; during the active growing season, and release it through decay processes,
as de Saussure had anticipated a century and a half earlier. As indicated in Table 3, the spatial
variations in CO2, even when the seasonal cycle was taken into account, were much smaller
than earlier 20th century data had indicated.

An increase in atmospheric CO> concentration from year to year, already hinted at by data
obtained during the International Geophysical Year, became ever more clearly seen as the records
at the Mauna Loa Observatory and elsewhere became longer. By 1963 the average rate of
increase was well enough established by these data to be compared with the rate of CO; injec-
tion into the air by fossil fuel combustion. The data showed that the fraction of fossil-fuel-derived
CO; which apparently remains in the air was about 50%. This fraction has remained nearly the
same up to the present time, suggesting a steady mechanism for its removal from the air. This
mechanism is absorption by the oceans, the same mechanism that Callendar had described in the
1930s, but had then questioned because the existing CO2 data appeared to disprove it.

I should not, however, imply that the removal rate has remained perfectly steady. Let us
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now turn to a consideration of the entire record of atmospheric CO2 for the Mauna Loa
Observatory, from the first measurements in 1958 until early this year (1993). Interannual
variations in the rate of rise of CO2 are quite clearly evident in the record, and seem to be
caused by natural oscillations that do not affect the average fraction of CO2 remaining in the
air from fossil-fuel combustion on longer time scales. The accompanying series of diagrams
serves to illustrate this.

The first of these is a plot of monthly data, shown by dots in Fig. 4. The seasonal cycle,
as shown previously just for 1958 and 1959, is clearly seen every year, superimposed on the
long-term rise. The average cycle, combined with the rise, is shown by a smooth curve through
the data. The seasonal cycle is obviously quite regular, since the dots and the curve agree
closely. If the average seasonal cycle is removed from both the data and from the curve, thus
“seasonally adjusting” the data, the long-term trend in COz is seen more clearly, as in Fig. 5.

To compare this rising trend with the amount of COz injected into the air by fuel com-
bustion, I have calculated the amount of CO2 injected each year and summed it with all
amounts injected earlier. In this way I obtain the cumulative increase shown in Fig. 6. The units
are gigatons of carbon contained in CO2, where one gigaton is equal to a thousand million met-
ric tons. As indicated, about 80 gigatons were released up to 1959, rising to 230 gigatons in
1993. By adjusting the plotting scale, this curve can be compared to the previous plot of the
seasonally adjusted atmospheric CO; data. When this is done (see Fig. 7), the patterns of the
rise in CO2 and of fossil-fuel CO, emissions are seen to be remarkably similar. This compar-
ison is one of the most convincing indicators that the rise in atmospheric COz is closely related
to the injection of COz from fossil fuels.

Another interesting feature of the Mauna Loa record is seen in the previous plot of the
actual monthly data (see again Fig. 4). The seasonal cycle is seen to be larger in the latter part
of the record than in the earlier part by about 15%. This increase is probably not entirely a
result of any single cause, but the main reason is likely to be that the growth rate of plants has

MAUNA LOR OBSERVATORY, 1958-59
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Figure 3 Daily average measured concentration of COz in air at the Mauna Loa Observatory, Hawaii, measured
during the first two years of sampling at this station. Concentration is expressed in ppm by volume.
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increased since 1958. Perhaps this has occurred because the growing season of plants on land
has become longer or because of improvements in agriculture, but part of the reason may be
that the plants are responding to the increase in atmospheric CO;, which has risen 13% since
1959. If so, this is a fulfillment of the original suggestion of Senebier that plants grow better
when they are supplied with more fixed air, as CO; was known in the 18th century.

A close look at the comparison of seasonally adjusted CO2 data to the curve for fossil
fuel emissions (Fig. 7) shows that the actual CO; data tend to migrate from above to below the
fossil-fuel curve and back every few years. To see this pattern better, I show in Fig. 8 a plot of
the difference between the two curves, in effect what the seasonally adjusted CO; record would
have looked like if burning of fossil fuels had not caused the CO to increase year after year. I
call this a CO2 “anomaly.” The vertical scale is expanded in the plot to see the fluctuating pat-
tern of the anomaly more distinctly. The times when the CO; anomaly was rising correspond
generally to times when large changes in weather have occurred in connection with a tropical
phenomenon called El Nifio. The times of the latter are shown by vertical arrows. The same
patterns are seen globally in CO2 records from near the North Pole to the South Pole. Processes
involving both oceans and vegetation contribute to the oscillations but appear to do so in oppo-
site ways, that is, the exchange of CO2 between the air and the oceans oppose variations in
uptake and release of CO2 by plants on land. Thus, even larger CO; oscillations would have
occurred during El Nifio events if growing plants alone had caused the patterns.

I do not have time to describe many additional details about how atmospheric CO2 mea-
surements may help us to understand the cycling of carbon in nature. Thus, I now come to the
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MAUNA LOAR OBSERVATORY, HAWAILI
MONTHLY RVERAGE CARBON DIOXIDE CONCENTRATION, SEASONALLY RDJUSTED
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Figure 5 The same plot as Figure 4, except that the seasonal cycle is removed.
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close of my lecture.
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Concluding Remarks
I'have traced the history of carbon dioxide measurements over a period of nearly two and a half
centuries, from the time of its first discovery to the early 1950s. After that I have talked mainly
about my own investigations of CO; in the atmosphere. I should mention, however, that many
other scientists have studied atmospheric CO2 during the past 30 years. Some of the very best
measurements are coming now from studies in Japan.

There is no likelihood that the study of CO2 will slow down in the next few years as it
did after the vigorous studies of the last century. There is much more that will be learned about
the Earth’s carbon cycle, and much of it will be as interesting as what we have already learned.
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" Figure 7 A comparison of the cumulative increase in carbon released by fossil fuel (shown in Figure 6) with the
seasonally adjusted rise in atmospheric CO; at the Mauna Loa Observatory (shown in Figure 5).
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Figure 8 A plot of the anomaly in atmospheric CO2 concentration at the Mauna Loa Observatory, expressed by
the difference between two plots. Arrows denote El Nifio occurrences.

76



Major Publications
Dr. Charles D. Keeling

Articles

Dole, M., C.D. Keeling, and D.G. Rose. “The Pile Irradiation of Polyethylene.” J. American
Chemical Society, 76 (1954), 4304-4311.

Keeling, C.D. and M. Dole. “A Viscometer for Solutions of High Polymers.” J. Polymer
Science, 14 (1954), 105-111.

Keeling, C.D. “The Concentration and Isotopic Abundances of Atmospheric Carbon Dioxide
in Rural Areas.” Geochimica et Cosmochimica Acta, 13 (1958), 322-334.

—. “Effect of Local Environment on the Isotopic Enrichment in Plants.” Comitato Nazionale
per L’Energia Nucleare, Laboratorio di Geologia Nucleare Pisa, (1960) 214-215.

—. “The Concentration and Isotopic Abundances of Carbon Dioxide in the Atmosphere.”
Tellus, 12 (1960), 200-203.

—. “The Concentration and Isotopic Abundances of Carbon Dioxide in the Rural and Marine
Air” Geochimica et Cosmochimica Acta, 24 (1961), 277-298. :

—. “A Mechanism for Cyclic Enrichment of Carbon-12 by Terrestrial Plants.” Geochimica et
Cosmochimica Acta, 24 (1961), 299-313.

Craig, H. and C.D. Keeling. “The Effects of Atmospheric NO2 on the Measured Isotopic
‘Composition of CO2.” Geochimica et Cosmochimica Acta, 24 (1963), 549-551.

Bolin, B. and C.D. Keeling. “Large-Scale Atmospheric Mixing as Deduced from the Seasonal
and Meridional Variations of Carbon Dioxide.” J. Geophys. Res., 68 (1963), 3899—-3920.

Revelle, R. (Chairman), W. Broecker, H. Craig, C.D. Keeling, and J. Smagorinsky.
“Atmospheric Carbon Dioxide.” Report of the Environmental Pollution Panel President’s
Advisory Committee3. The White House, November 1965, 111-11.

Pales, J.C. and C.D. Keeling. “The Concentration of Atmospheric Carbon Dioxide in Hawaii.”
J. Geophys. Res., 70 (1965), 6053-6076.

Brown, C.W. and C.D. Keeling. “The Concentration of Atmospheric Carbon Dioxide in
Antarctica.” J. Geophys. Res., 70 (1965), 6077-6085.

Keeling, C.D., N.W. Rakestraw, and L.S. Waterman. “‘Carbon Dioxide in Surface Waters of the
Pacific Ocean; 1. Measurements of the Distribution.” J. Geophys. Res., 70 (1965),
6087-6097.

C.D. Keeling. “Carbon Dioxide in Surface Waters of the Pacific Ocean; 2. Calculation of the
Exchange with the Atmosphere.” J. Geophys. Res., 70 (1965), 6099-6102.

Keeling, C.D. and B. Bolin. “The Simultaneous Use of Chemical Tracers in Oceanic Studies;
I. General Theory of Reservoir Models.” Tellus, 19, (1967), 566-581.

Keeling, C.D. and B. Bolin. “The Simultaneous Use of Chemical Tracers in Oceanic Studies
II. A Three-Reservoir Model of the North and South Pacific Oceans.” Tellus, 20 (1968),
17-54.

Keeling, C.D., T.B. Harris, and E.M. Wilkins. “Concentration of Atmospheric Carbon Dioxide
at 500 and 700 Millibars.” J. Geophys. Res., 73 (1968), 4511-4528.

77



Keeling, C.D. and L.S. Waterman. “Carbon Dioxide in Surface Ocean Waters; 3.
Measurements on Lusiad Expedition 1962-3. J. Geophys. Res., 73 (1968), 4529-4541.

Keeling, C.D. “Carbon Dioxide in Surface Ocean Waters; 4. Global Distribution.” J. Geophys.
Res., 73 (1968), 4543-4553.

—. “Is Carbon Dioxide from Fossil Fuel Changing Man’s Environment?” Proceedings of the
American Philosophical Society, 114 (1970), 10-17.

—. “A Chemist Thinks about the Future.” Professor’s Inaugural Lecture, May 29, 1969.
Archives of Environmental Health, 20 (1970), 764-777.

Multiple Authorship. Man’s Impact on the Global Environment. Cambridge, Massachusetts:
The MIT Press, 1970. (Principally responsible for Section 1.2.1 “Carbon Dioxide”, 46-55).

Keeling, C.D. “Industrial Production of Carbon Dioxide from Fossil Fuels and Limestone.”
Tellus, 25 (1970),174-198.

—. “The Carbon Dioxide Cycle: Reservoir Models to Depict the Exchange of Atmospheric
Carbon Dioxide with the Oceans and Land Plants”. In Chemistry of the Lower Atmosphere,
edited by S. 1. Radsool. New York: Plenum Press, 1973, 251-329.

Ekdahl, C.A., Jr.,, and C.D. Keeling. “Atmospheric Carbon Dioxide and Radiocarbon in the
Natural Carbon Cycle: 1. Quantitative Deductions from the Records of Mauna Loa
Observatory and at the South Pole.” In Carbon and the Biosphere, Brookhaven Symposium
in Biology No.24, edited by G.M. Woodwell and E.V. Pecan. United States Atomic Energy
Commission, 1973, 51-85.

Bacastow, R. and C.D. Keeling. “Atmospheric Carbon Dioxide and Radiocarbon in the Natural
Carbon Cycle: II. Changes A.D. 1700 to 2070 as Deduced from a Geochemical Model.” In
Carbon and the Biosphere, Brookhaven Symposium in Biology No.24, edited by G.M.
Woodwell and E.V. Pecan. United States Atomic Energy Commission, 1973, 86—135.

Multiple Authorship. “Carbon Dioxide Processes.” In The Physical Basis of Climate and
Climate Modeling. GARP Publication Series No.16, International Council of Scientific
Unions1975, 64—66.

Keeling, C.D., R.B. Bacastow, A.E. Bainbridge, C.A. Ekdahl, Jr., PR. Guenther, L.S.
Waterman, and J.E.S. Chin. “Atmospheric Carbon Dioxide Variations at Mauna Loa
Observatory, Hawaii.” Tellus, 28 (1976), 538-551.

Keeling, C.D., J.A. Adams, Jr., C.A. Ekdahl, Jr.,, and PR. Guenther “Atmospheric Carbon
Dioxide Variations at the South Pole.” Tellus, 28 (1976), 552-564.

Keeling, C.D. and R.B. Bacastow. “Impact of Industrial Gases on Climate.” Energy and
Climate, Report of Panel on Energy and Climate R. Revelle, Chairman, National Academy
of Sciences, Washington D.C., 1977, 72-95.

Machta, L., K. Hanson, and C. D. Keeling. “Atmospheric Carbon Dioxide and Some
Interpretations.” In The Fate of Fossil Fuel CO; in the Oceans, edited by N.R. Andersen
and A. Malahoff, Office of Naval Research Symposium, 1977, 131-144.

Keeling, C.D. “Atmospheric Carbon Dioxide in the 19th Century.” Science, 202 (1978), 1109.

—. “The Influence of Mauna Loa Observatory on the Development of Atmospheric CO2
Research.” Mauna Loa Observatory 20th Anniversary Report, edited by J. Miller. National
Oceanographic and Atmospheric Administration, Special Report (1978), 36-54.

78



Bacastow, R. and C.D. Keeling. “Models to Predict Future Atmospheric CO2 Concentrations.”
Workshop on the Global Effects of Carbon Dioxide from Fossil Fuels, edited by W.P. Elliot
and L. Machta, United States Department of Energy, 1979, 72-90.

Lowe, D.C., PR. Guenther, and C.D. Keeling. “The Concentration of Atmospheric Carbon
Dioxide at Baring Head, New Zealand.” Tellus, 31 (1979), 58-67.

Keeling, C.D., W.G. Mook, and P. P. Tans. “Recent Trends in the >C/!2C Ratio of
Atmospheric Carbon Dioxide.” Nature, 277 (1979),121-123.

Keeling, C.D. “The Seuss Effect: Carbon-13—-Carbon-14 Interrelations.” Environmental
International, 2 (1979), 229-300.

Keeling, C.D., R.B. Bacastow, and P.P. Tans. “Predicted Shift in the '>C/'2C Ratio of
Atmospheric Carbon Dioxide.” Geophys.Res.Letters, 7, (1980), 505-508.

Bacastow, J.A. Adams, C.D. Keeling, D.J. Moss, T.P. Whorf, and C.S. Wong. “Atmospheric
Carbon Dioxide, the Southern Oscillation and the Weak 1975 El Nifo.” Science, 210
(1980), 66-68.

Keeling, C.D. “The Oceans and Biosphere as Future Sinks for Fossil Fuel Carbon Dioxide.”
In Interaction of Energy and Climate, edited by W. Bach, J. Pankrath, and J. Williams.
Boston: D. Reidel, 1980, 129-147.

Weiss, R.F,, C.D. Keeling, and H. Craig. “The Determination of Tropospheric Nitrous Oxide.”
J. Geophys. Res., 86 (1981) 7197-7202.

Bolin, B., A. Bjorkstrom, C.D. Keeling, R. Bacastow, and U. Steigenthaler. Scope 16: Carbon
Cycle Modeling. New York: John Wiley & Sons, 1981, 1-28.

Multiple Authorship. Scope 16: Carbon Cycle Modeling. New York: John Wiley & Sons,
1981, 81-101 and 86-94.

Bacastow, R.B. and C. D. Keeling. “Atmospheric Carbon Dioxide Concentration and
Observed Airborne Fraction.” Scope 16: Carbon Cycle Modeling. New York: John Wiley
& Sons, 1981, 103-112.

Bacastow, R.B. and C. D. Keeling. “Hemispheric Airborne Fractions Difference and the
Hemispheric Exchange Time.” Scope 16: Carbon Cycle Modeling. New York, John Wiley
& Sons, 1981, 241-246.

Bacastow, R.B. and C. D. Keeling. “Pioneer Effect Correction to the Observed Airborne
Fraction.” Scope 16: Carbon Cycle Modeling. New York: John Wiley & Sons, 1981,
247-248.

Bacastow, R.B. and C.D. Keeling. “Atmospheric CO2 and the Southern Oscillation: Effects
Associated with Recent El Nifio Events.” In papers presented at the WMO/ICSI/UNEF
Scientific Conference on Analysis and Interpretation of Atmospheric CO; Data, World
Meteorological Organization Geneva, Switzerland, 1981, 109-111.

Keeling, C.D. “The Oceans and Terrestrial Biosphere as Future Sinks for Fossil Fuel CO».”
Conference Proceedings, No. 82. New York: American Institute of Physics, 1982, 47-82.

Griffith, D.W.T., C.D. Keeling, J.A. Adams, P.R. Guenther, and R.B. Bacastow. “Calculations
of Carrier Gas Effects in Non-Dispersive Infrared Analysers: II. Comparisons with
Experiment.” Tellus, 34 (1982), 385-397.

Weiss, R.F,, R.A. Jahnke, and C.D. Keeling. “Seasonal Effects of Temperature and Salinity on

79



the Partial Pressure of Carbon Dioxide in Seawater.” Nature, 300 (1982), 511-513.

Keeling, C.D., R.B. Bacastow, and T.P Whorf. “Measurements of the Concentration of Carbon
Dioxide at Mauna Loa Observatory, Hawaii.” Carbon Dioxide Review: 1982, edited by
William C. Clark. Oxford: Oxford University Press, 1982, 377-385.

Keeling, C.D. “The Global Carbon Cycle: What We Know and Could Know from
Atmospheric, Biospheric and Oceanic Observations.” In Proceedings: Carbon Dioxide
Research Conference: Carbon Dioxide, Science and Consensus, U.S. Department of
Energy, 1982, 11.3-11.62. CONF-820970, available from National Technical Information
Service, Springfield, Virginia.

Mook, W.G., M. Koopmans, A.F. Carter, and C.D. Keeling. ‘Seasonal Latitudinal and Secular
Variations in the Abundance and Isotropic Rations of Atmospheric Carbon Dioxide; 1.
Results from Land Stations.” J. Geophys. Res., 88 (1983), 10915-10933.

Keeling, C.D. and W.G. Mook. “Sources and Sinks of Atmospheric Carbon Dioxide Deduced
from '3C/'2C Ratio Measurements.” Extended abstract for symposium, The Scientific
Application of Baseline Observations of Atmospheric Composition, Aspendale Australia,
November 7-9, 1984, 4. '

Mook, W.G. and C.D. Keeling. “Carbon-13 in Atmospheric CO2.” 3. Arbeitstagung Isotrope
in der Nature, 84, 237-247.15-18, 1983, Leipzig, DDR, Zfi. Mitteilungen (Zentralinstitut
fiir Isotropen und Strahlenforschung, Leipzig).

Keeling, C.D., A.F. Carter, and W.G. Mook. “Seasonal Latitudinal and Secular Variations in
the Abundance and Isotopic Ratios of Atmospheric Carbon Dioxide; 2. Results from
Oceanographic Cruises in the Tropical Pacific Ocean.” J. Geophys. Res., 89 (1984),
4615-4628.

Keeling, C.D. “Atmospheric and Oceanographic Measurements Needed for the Establishment of
a Database for Carbon Dioxide from Fossil Fuels.” In The Potential Effects of Carbon
Dioxide-Induced Climatic Changes in Alaska. The Proceedings of a Conference, Fairbanks,
Alaska April 7-8, 1982. School of Agriculture and Land Resources Management, University
of Alaska, Fairbanks, Miscellaneous Publications (1984), 11-22; 83—1.

Bacastow, R.B., C.D. Keeling, and T.P. Whorf. “Seasonal Amplitude Increase in Atmospheric
CO; Concentration at Mauna Loa, Hawaii, 1959-1982.” J. Geophys. Res., 90 (1985),
10529-10540. '

Keeling, C.D., T.P. Whorf, C.S. Wong, and R.D. Bellagay. “The Concentration of Atmospheric
Carbon Dioxide at Ocean Weather Station ‘P’ from 1969 to 1981.” J. Geophys. Res., 90
(1985), 10511-10528.

Elliot, W.P., L.Machta, and C.D. Keeling. “An Estimate of the Biospheric Contribution to the
Atmospheric CO2 Increase Based on Measurements at Mauna Loa Observatory.” J.
Geophys. Res., 90 (1985), 3741-3746.

Tucker, C.J., 1.Y. Fung, C.D. Keeling, and R. H. Gammon. “Relationship Between
Atmospheric CO2 Variations and a Satellite-Derived Vegetation Index.” Nature, 319
(1985), 195-199.

Keeling. C.D. and R. Revelle. “Effects of El Nifio/Southern Oscillation on the Atmospheric
Content of Carbon Dioxide.” Meteoritics, 20 (1985), 437-450.

30



Heimann, M., Keeling C.D., and I. Y. Fung. “Simulating the Atmospheric Carbon Dioxide
Distribution with a Three-Dimensional Tracer Model.” In The Changing Cycle of Carbon,
A Global Analysis, edited by John R. Trabalka and David E. Reichle. New York: Springer-
Verlag, 1986, 16-49.

Heimann, M. and C.D. Keeling. “Meridional Eddy Diffusion Model of the Transport of
Atmospheric Carbon Dioxide; 1. The Seasonal Carbon Cycle over the Tropical Pacific
Ocean.” J. Geophys. Res., 91 (1986), 7765-7781.

Heimann, M. and C.D. Keeling. “Meridional Eddy Diffusion Model of the Transport of
Atmospheric Carbon Dioxide; 2. The Mean Annual Carbon Cycle.” J. Geophys. Res., 91
(1986), 7782-7796.

From. E. and C. D. Keeling. “Reassessment of Late Nineteenth Century Atmospheric Carbon
Dioxide Variations in the Air of Western Europe and the British Isles Based on an
Unpublished Analysis of Contemporary Air Masses by G.S. Callendar.” Tellus, 38B
(1986), 87-105.

Kohlmaier, G.H., E. Sire, A. Janacek, C.D. Keeling, S.C. Piper, and R. Revelle. “Modeling the
Seasonal Contribution of a CO» Fertilization Effect of the Terrestrial Vegetation to the
Amplitude Increase in Atmospheric CO; at Mauna Loa Observatory.” Tellus, 41B (1989),
487-510.

Keeling, C.D., R.B. Bacastow, A.E. Carter, S.C. Piper, T.F. Whorf, M. Heimann, W.G. Mook,
and H. Roeloffzen. “A Three-Dimensional Model of Atmospheric CO; Transport Based on
Observed Winds: 1. Analysis of Observational Data.” In Aspects of Climate Variability in
the Pacific and the Western Americas, edited by D.H. Peterson, Washington D.C.:
American Geophysical Union, 1989, 165-236.

Heimann, M. and C.D. Keeling. “A Three-Dimensional Model of Atmospheric CO, Transport
Based on Observed Winds: 2. Model Description and Simulated Tracer Experiments.” In
Aspects of Climate Variability in the Pacific and Western Americas, edited by D.H.
Peterson. Washington D.C.: American Geophysical Union, 1989, 237-275.

Heimann, M., C.D Keeling, and C.J. Tucker. “A Three-Dimensional Model of Atmospheric
COz2 Transport based on Observed Winds: 3. Seasonal Cycle and Synoptic Time Scale
Variations.” In Aspects of Climate Variability in the Pacific and Western Americas, edited
by D.H. Peterson. Washington D.C.: American Geophysical Union, 1989, 277-303.

Keeling, C.D., S.C. Piper, and M. Heimann. “A Three-Dimensional Model of Atmospheric
CO2 Transport Based on Observed Winds: 4. Mean Annual Gradients and Interannual
Variations.” In Aspects of Climate Variability in the Pacific and Western Americas, edited
by D.H. Peterson. Washington D.C.: American Geophysical Union, 1989, 305-363.

Roeloffsen, J.C., W.G. Mook, and C.D. Keeling. “Trends and Variations in Stable Carbon
Isotopes of Atmospheric Carbon Dioxide.” In Stable Isotopes in Plant Nutrition, and
Environmental Studies. Proceedings of an International Symposium on the use of Stable
Isotopes in Plant Nutrition, Soil Fertility and Environmental Studies, Vienna, Austria, 1-5
October, 1990, 601-618.

81



Supplemental List

Keeling, C.D. “Measurements of Carbon Dioxide in the Atmosphere.” National Academy of
Sciences, IGY Bulletin, 38 (1960), 8-11.

Multiple Authorship. “Implications of Rising Carbon Dioxide Content of the Atmosphere.”
Conference sponsored by the Conservation Foundation, New York, 1963.

Waterman, S.L. “Carbon Dioxide in Surface Waters.” Nature, 205 (1965), 1099-1100.

Wong, A.C.S. “Quantitative Analysis of Total Carbon Dioxide in Sea Water: A New
Extraction Method.” Deep-Sea Research, 17,9-17. -

Keeling, C.D. “Atmosphere-Zone of Aeration Interactions.” Working Paper for the Panel on
Carbon Isotopes in Subsurface Hydrology and the Role of Paleo-Climates in Their
Interpretation, Vienna, 1970.

Multiple Authorship. “Report to the World Meteorological Organization on Station Networks
for World-Wide Pollutants.” Produced by the Commission for Air Chemistry and
Radioactivity (CACR) of the International Association of Meteorology and Atmospheric
Physics (IAMAP) of IUGG 1970.

Keeling, C.D. Marine Technician’s Handbook, Instructions for Taking Samples on Board
Ship: Carbon Dioxide Project. Institute of Marine Resources, University of California at
San Diego,1970, 16.

Freyer, H.D., D. Gates, K.J. Hanson, C.D. Keeling, G.I. Pearman, J. Royer, S.H. Schneider,
and M. Stuiver. “The Carbon Dioxide Problem. A Review of the Present State of
Knowledge.” Research Aspects of Atmospheric Carbon Dioxide, Proceedings of the WMO
Informal Meeting of Experts, Boulder, Colorado, October 3-7, 1978, 13.

Woodwell, G.M., G.J. Macdonald, R. Revelle, and C.D. Keeling. “The Carbon Dioxide
Problem: Implications for Policy in the Management of Energy and Other Resources.”
Synthetic Fuel Hearings before the Committee on Governmental Affaires, United States
Senate, 96th Congress, July 17-20, 1979, 8.

Bacastow, R.B., C.D. Keeling, and T.P. Whorf. “Is the Biosphere Currently a Net Source or
Sink for Fossil Fuel CO2?” Carbon Dioxide Effects Research and Assessment Program
019; Global Dynamics of Biospheric Carbon, edited by S. Brown. Proceedings of a
Symposium, Bloomington, Indiana, August 17, 1981. National Technical Information
Service, Springfield, Virginia, 1981, 140.

Keeling, C.D. and R. J. Cicerone. “Preface” (to Bern Symposium) J. Geophys. Res., 88/1257
(repeated 3579, 6843) (1983).

Bacastow, R.B., C.D. Keeling, and T.P. Whorf. “Seasonal Amplitude in Atmospheric CO2
Concentration at Mauna Loa, Hawaii, 1959-80.” In papers presented at the
WMO/ICSU/UNEP Scientific Conference on Analysis and Interpretation of Atmospheric
CO2 Data. World Meteorological Organization, Geneva, Switzerland, 1981, 169-176.

Bacastow, R.B., C.D. Keeling, T.P. Whorf, and C.S. Wong. “Seasonal Amplitude in
Atmospheric CO2 Concentration at Canadian Weather Station P, 1970-1980.” In papers
presented at the WMO/ICSU/UNEP Scientific Conference on Analysis and Interpretation
of Atmospheric CO2 Data. World Meteorological Organization, Geneva,
Switzerland.1981, 163-168.

82



Keeling, C.D. and R. Revelle. “Effects of El Nifio/Southern Oscillation on the Atmospheric
Content of Carbon Dioxide.” Paper presented at the International Conference at the TOGA
Scientific Program, Paris, France. September 17-21, 1984. World Publication Series No. 4,
WMO/TD No. 65, 1985, 38-50.

Heimann, M., C.D. Keeling, and W.G. Mook. “A Three-Dimensional Model of Atmospheric
CO2 Transport Based on Observed Winds; 1. Observational Data and Model.” In
Atmospheric Carbon Dioxide—TIts Sources, Sinks and Global Transport, symposium in

. Kanderstag, Switzerland, September 2-6, 1985, 10-17.

Heimann, M., C.D. Keeling, and C.J. Tucker. “A Three-Dimensional Model of Atmospheric
COz2 Transport Based on Observed Winds; 2. Analysis of the Seasonal Cycle of CO».” In
Atmospheric Carbon Dioxide—Its Sources, Sinks and Global Transport, symposium in
Kanderstag, Switzerland, September 2-6, 1985, 10-17.

Keeling, C.D., M. Heimann, and R.A. Houghton. “A Three-Dimensional Model of
Atmospheric CO2 Transport Based on Observed Winds; 3. Analysis of the Mean Annual
Gradients of CO». In Atmospheric Carbon Dioxide—Its Sources, Sinks and Global
Transport, symposium in Kanderstag, Switzerland, September 2-6, 1985, 10-17.

Whorf, T.P. and C.D. Keeling. Seasonal Amplitude Variations in CO3z in the Northern
Hemisphere. Scripps Institution of Oceanography, La Jolla, California, 1992, 3.

83



Profile
The World Conservation Union* (IUCN)
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Caracas, Venezuela.

* Formerly known as International Union for Conservation of Nature and Natural Resources

[UCN—The World Conservation Union is an independent, international membership organi-
zation committed to conserving the natural environment for future generations. Established in
1948, TUCN has achieved a leadership role in environmental conservation by offering practi-
cal solutions and policies based on results of scientific monitoring and analysis and field expe-
rience. The organization also actively disseminates important knowledge about the sustainable
use of the World’s natural resources. Its 773 members include 62 sovereign states, some 100
governmental agencies, and more than 600 nongovernmental organizations and affiliates.
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appropriate and wise utilization of global resources. These efforts are guided by the central
idea that human society should develop in harmony with nature.

IUCN’s achievements include developing strategies for conserving the global environ-
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islation, such as those resulting from the Biodiversity, the Ramsar (wetlands) and the World
Heritage (natural sites) conventions; planning and executing projects in cooperation with indi-
vidual governments; setting up and managing comprehensive environmental databases; and
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such as the Red Data Books, World Conservation Strategy and Caring for the Earth. Thus,
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IUCN is headquartered in Switzerland. Dr. David McDowell is presently the director
general, and Sir Shridath Ramphal is the president.



Essay
The Convention on Biological Diversity:
An Idea Whose Time Has Come

Dr. Jeffrey A. McNeely
Chief Scientist, IUCN

March 1997

Introduction

The 1992 United Nations Conference on Environment and Development, the “Earth Surnmit,”
put biological diversity on the international agenda by signing the Convention on Biological
Diversity (CBD). The idea of such a convention began at the Third World Congress on
National Parks, held in Bali, Indonesia, in October 1982, and was developed further by [IUCN’s
Environmental Law Centre over the following several years. In August 1988, the UN
Environment Programme (UNEP) Executive Director Mustapha Tolba convened a high-level
panel of experts to advise him on whether a global biodiversity convention was timely and, if
so, what it should include. UNEP then convened a series of intergovernmental meetings to
develop the CBD. Following several years of negotiations, the CBD was signed at Rio de
Janeiro, entered into force at the end of 1993 and has now been ratified by more than 165 coun-
tries. '

The objectives of the CBD are: “the conservation of biological diversity, the sustainable
use of its components and the fair and equitable sharing of benefits arising out of utilization of
genetic resources.” The convention thus covers ecological, economic, and social aspects of
biodiversity.

This article will review progress to date in implementing the CBD. Progress can be -
assessed in two main ways: by considering the state and changes in biodiversity components
(i.e. genes, species, and ecosystems); and by measuring the effectiveness of measures taken to
implement the CBD. It can be argued that only by measuring the former can we evaluate the
latter, and since the entry into force of the CBD, many more site-specific data are becoming
available. But these data are not particularly useful at the national or higher levels. Considering
the high cost of collecting comprehensive information for assessing and monitoring changes
in biodiversity components, the focus in the near term must be on the second approach: assess-
ing the measures taken to implement the CBD.

Progress in implementing the convention

In order to compile information about how the CBD is being implemented, IUCN sent a ques-
tionnaire to all parties to the CBD. With over 80 responses (nearly 50% of the parties), several
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trends are very clear.

86

Ninety-three percent of respondents have increased access to information since the entry
into force of the CBD and 67% have used information provided through the CBD to
develop their activities.

Ninety-one percent have prepared or are preparing a national biodiversity strategy or action
plan (and 90% have developed other strategies or plans related to biodiversity issues); how-
ever, biodiversity has been incorporated only somewhat in most forest, agricultural, marine,
and protected area strategies.

Sixty-four percent have undertaken a systematic review of existing biodiversity-related
institutions in response to ratifying the CBD and nearly two-thirds of the countries have
reviewed their legislation, though only half of the countries consider their biodiversity-
related legal and institutional framework to be sufficient and just 23% have enacted specific
legislation on access to genetic resources and benefit-sharing.

Seventy-nine percent have identified important ecosystems and habitats, at least partly in
response to the CBD; 61% have strengthened measures for the conservation and sustain-
able use of these ecosystems and habitats since ratification of the CBD, mostly in protected
areas. :

Sixty percent have developed and applied new approaches to sustainable forest manage-
ment, most of which are at least partially taken in response to the CBD.

Regarding wild biodiversity, 68% have carried out systematic inventories at the species
level and 63% have instituted specific measures for their conservation and sustainable use,
while 55% have carried out systematic identification of domesticated biodiversity, but only
39% have implemented specific measures for their conservation and sustainable use.
Sixty-seven percent have systematically identified threatened components of biodiversity
and 59% have implemented specific measures for their conservation and sustainable use
(78% of these measures were taken at least partially in response to the CBD).

Sixty-three percent have been able at least to begin systematically identifying threats to bio-
diversity.

Just 30% have developed incentives for implementing CBD measures, while slightly more
have sought to identify and eliminate disincentives. Valuation exercises are also coming
along slowly, with just 29% of countries having carried out valuation studies.

Forty-three percent of the countries have enhanced their capacity for implementing the
CBD since it was ratified and 55% have developed CBD-related projects that contribute to
the alleviation of poverty.

Fifty-nine percent of the countries involve local and indigenous communities in activities
for the implementation of the CBD, but only 38% are implementing the CBD provisions
regarding traditional knowledge. _

Thirty-six percent are taking measures to ensure fair and equitable sharing of benefits aris-
ing from the use of genetic resources.

Sixty-four percent of the countries are promoting education and awareness about biodi-
versity.

Nearly half the countries perceive that financial resources for biodiversity conservation



and sustainable use have increased since the CBD was ratified, though most of this new
funding is from domestic sources.

Some critical issues

Equitable sharing of benefits arising from the use of biological resources, one of the three
objectives of the CBD, is a prerequisite for creating the incentives needed to maintain the
earth’s biotic wealth. Local benefit-sharing, in particular, has the effect of reducing the oppor-
tunity cost of forgoing the option of converting in sifu conservation areas to commercial or
other uses, such as arable agriculture, pasture or industrial complexes. Our survey indicates
that more progress is needed in this aspect of the CBD. Benefit-sharing needs to be included
in discussions on technology transfer, the clearing-house mechanism, access to genetic
resources, agricultural biodiversity, and intellectual property rights. The umbrella under which
all this could shelter should be the incorporation of benefit-sharing measures in the national
biodiversity strategies and action plans governments are preparing.

Transfer of technologies relevant for the conservation and sustainable use of biological
diversity continues to be a major area of unfulfilled expectations of most developing countries
who are party to the CBD. Technology is an important tool for in situ and ex situ management
of biodiversity. For example, new agricultural technologies have the potential to increase yields
to feed the growing human population while reducing unintended adverse environmental
impacts. Modern biotechnology could provide tools for understanding the living world and
thus may greatly aid assessing and monitoring biodiversity at the national, regional, and global
levels. Transfer of relevant technologies will be facilitated and enhanced through the involve-
ment of the private sector in the area of bioprospecting and biosafety in joint ventures with
national institutions or local private sector entities.

The disappointing flow of new and additional financial resources envisaged under
Article 20 of the CBD has been an issue of considerable discussion. At the Earth Summit, the
developed countries committed themselves to providing “new and additional” resources to
help developing countries achieve sustainable development. The CBD makes this a legal oblig-
ation for biodiversity and the Global Environmental Facility (GEF)—operated by the World
Bank, UNEP, and the UN Development Programme (UNDP)—is intended to be one of the
main channels for these new funds. If funds are to be genuinely “new and additional,” levels
of support for biodiversity and total aid must be higher than before the CBD entered into force.

The Global Biodiversity Strategy estimated that effective conservation in developing
countries would cost around US$20 billion per year, while current global spending on conser-
vation (all countries) is estimated at US$4.14 billion per year. The average annual commitment
of aid for biodiversity in the period 1987-94 was US$445.75 million. This falls massively
short of what is needed for global conservation. According to Birdlife International,
Organization for Economic Cooperation and Development, UN, and GEF figures provide no
evidence that current levels of aid for biodiversity are “new and additional.” The available fig-
ures indicate that after a peak in the Earth Summit year of 1992, annual aid levels for biodi-
versity have been lower than in the pre-GEF period of 1987-90. Non-GEF biodiversity aid
appears to have fallen substantially since 1992.
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Although donors collectively are not satisfying the “new and additional” obligation,
some individual donors do appear to have maintained or increased their bilateral biodiversity
aid budget, as well as making “new” contributions to the. GEF. These include Finland,
Germany, the Netherlands, Norway, and Switzerland. Biodiversity investment varies consid-
erably among donors. The biggest overall aid donors—Japan and the U.S.A.—are among the
biggest donors to conservation. However, Switzerland and Finland, each with a small bilateral
aid program, are among the top five biodiversity funders.

As an umbrella agreement, the CBD is able to address a wide range of important issues.
During its third meeting, the Conference on Parties (COP) reasserted its aspiring role as a
focal point vis-a-vis other relevant international instruments and processes, especially on such
issues as forests, sea-bed mining, intellectual property rights, agriculture, and indigenous and
local community affairs. The degree of these interactions and the leadership level adopted by
the COP are variable. Perhaps the issue on which interaction is strongest is agriculture, where
the CBD covered land, water, plant, animal and microbial genetic resources, wildlife, air and
climate, farm inputs, wild sources of food, traditional knowledge, marketing conditions for
agricultural products, land-use pressures, and agroforestry. The COP has staked out a leading
position in the field of agricultural biodiversity, taking the opportunity to link concerns regard-
ing biodiversity conservation and sharing of benefits with the mainstream economy, drawing
on balanced attention to the three objectives of the CBD. The COP sent a message to the
December 1996 session of the Food and Agriculture Organization’s Commission on Plant and
Genetic Resources for Food and Agriculture (PGRFA) to negotiate the revision of the
International Undertaking on Plant Genetic Resources in harmony with the CBD. It specified
the COP’s willingness to consider a protocol on PGRFA under the CBD.

The COP also produced a communication to the World Intellectual Property
Organization (WIPO) noting the possibility that WIPO may recommend international copy-
right protection for scientific databases. This reflected the concerns of developing countries
that such a measure could interfere with scientific and technical cooperation, create difficulties
in repatriating data and complicate the exercise of the CBD’s third objective of equitable ben-
efit-sharing. Even if the COP has yet to articulate agreed areas of concern under the World
Trade Organization (WTO), it could still emerge as a significant influence on the activities of
both WIPO and WTO. _

The COP has also sought to influence intergovernmental discussions on forests to
ensure that forest biodiversity concerns are addressed. The COP’s contribution here was much
weaker than it could have been. The COP message to the Intergovernmental Panel on Forests
(IPF) covered analysis of the underlying causes of biodiversity loss, analysis and mitigation of
human impacts on forest biodiversity, economic valuation of biodiversity components, and
development and use of criteria and indicators. The work program for forest biodiversity will
include development of technologies necessary for the conservation and sustainable use of for-
est biodiversity, take an ecosystem approach and incorporate traditional systems of conserv-
ing biodiversity in forests. The COP also called for scientific analysis of the ways in which
human activities, especially forest management practices, influence biodiversity and sought
ways to minimize or mitigate negative influences arising from such practices.
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The COP could have been far more assertive in providing guidance to the IPE, perhaps
even suggesting that a protocol under the CBD could obviate any need for a new forests con-
vention. This clearly is not a step governments are yet willing to take. But in any case, strength-
ening the CBD’s relationship to the IPF could have an impact on any decisions regarding
extension of the IPF or the establishment of a similar forum for international debate on forest
issues.

Our conclusion is that although the COP has clearly advanced in opening to other
processes, it still has a long way to go until it can become as influential as required to change
processes that have great impact on the conservation and sustainable use of biodiversity.

The need for a protocol to address possible dangers of genetically modified organisms
was identified in negotiations prior to the entering into force of the CBD. The need for such a
biosafety protocol was discussed by COP-1 and—after heated debate—the process is moving
forward, with a formal report expected at COP-4 in 1998. The negotiation of the biosafety pro-
tocol shows how the COP can handle a highly contentious issue, transforming it into a pri-
marily procedural matter (possibly because no substantive points are yet being discussed). It
is too early to tell whether the biosafety protocol is really a step forward for biodiversity or sim-
ply a diversion from much more substantive and urgent issues. It certainly will be somewhat
limited, as the COP has determined that the issue of alien invasive species—a real and imme-
diate threat to biodiversity at gene, species, and ecosystem levels—will not be considered
under the biosafety protocol.

One of the top CBD priorities is for each country to decide for itself what its own pri-
orities are. The mechanism for this is Article 6, on national biodiversity strategies and action
plans, and the integration of the conservation and sustainable use of biological resources into
sectoral and cross-sectoral plans. Some 60 countries are receiving support from the GEF to
prepare their strategies after COP-2 issued a specific decision toward this end. However, the
preparation of strategies risks becoming a somewhat sterile planning exercise, as have other
similar efforts before them, if governments see it simply as an obstacle to be overcome before
further GEF funds can be assessed. Current indications are that the strategy-formulation
process is moving too rapidly in most countries to involve the critical sectors—agriculture,
forestry, and fisheries—in a productive policy dialog.

Considerable progress can be reported on biodiversity in the seas. COP-2 adopted the
Jakarta Mandate on Marine and Coastal Biodiversity, which provided a checklist covering five
areas in which parties to the CBD should take actions for conservation and sustainable use in
these habitats:

* integrated marine and coastal area management;

* marine and coastal protected areas;

 sustainable use of marine and coastal living resources;
* mariculture; and

* alien species.

Major international bodies were invited to improve their existing activities and develop
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new actions which promote the conservation and sustainable use of marine and coastal biodi-
versity, taking into account the recommendations contained in the Jakarta Mandate. A three-
year process will elaborate upon the recommendations for action in the above five areas and
possibly others. To assist in the implementation of the process, the CBD Executive Secretary
will establish a roster of experts and draw upon a wide range of inputs from governments,
intergovernmental organizations and nongovernmental organizations (NGOs), and others.

Conclusion

Many people believe that conserving biodiversity and using biological resources sustainably
will benefit all of society. However, conserving biodiversity, using biological resources sus-
tainably and equitably sharing the benefits of such use all involve social costs and benefits that
are borne unevenly across segments of society. Therefore, proper policy action should promote
the equitable sharing of these costs and benefits in ways that improve the well-being of the
poor and weaker sections of society, including local communities, NGOs, the scientific com-
munity, industry, and so forth. The CBD offers a unique opportunity for this diverse mixture
of interests to work toward the same broad objectives. The international consensus will often
be difficult to attain unless all sectors of society contribute to the common goals of the
Convention on Biological Diversity.



Lecture

Towards a Sustainable Future

By Dr. Martin W. Holdgate
Director General, IUCN

1. The Challenge: Dreams and Reality

Never before have so many people, in so many countries, been so aware of the need to conserve
nature and natural resources. Never before has there been so much talk about sustainable devel-
opment, proclaimed the only hope for the hundreds of millions who suffer from appalling
poverty, and as the pathway by which everybody can attain a decent quality of life. Never
before have so many heads of state and government publicly accepted the inseparable link
between conservation and development. Never before has there been such a universal under-
standing of the fact that the future of human civilizations depends on our care for the Earth and
its environmental systems—the only known manifestation of life in the universe.

Yet, at the same time as the tide of awareness rises to a flood, the environment every-
where is deteriorating. Land degradation, soil loss, desertification, water pollution, perturba-
tion of climate, the ever-widening “ozone holes,” deforestation, food insecurity, and many
other alarming symptoms are visible on every side. How can the world hope to sustain the 10
to 12 billion people that UN statistics say will be inhabitants of Earth by the end of the 21st
century?

We are running out of space—and time.

2. The Imperative for Action
There are many reasons why naticnal and international action is imperative and urgent.

First, because human misery is being worsened by the deteriorating environment in
many regions. Food production per head of population in sub-Saharan Africa fell during the
1970s and 1980s. In the same region, gross national product (GNP) declined by 1.1% per
annum in the 1980s. Erosion, salinization, contamination of water supplies, degradation of
pastures, urban encroachment, and pollution reduced land fertility in areas as far apart as China
and the Sahel.

The economic costs of such damage are alarming: at the Earth Summit in Rio de Janeiro
in June 1992, one Eastern European delegate reported that pollution was costing his country
the equivalent of 16% of GNP per annum. The loss of biological diversity, especially as a con-
sequence of deforestation on land and the destruction of coral reefs in the sea, threatens to
deprive future generations of medicines and genetic resources before their potential has even
been evaluated by science. The destruction of wilderness and wildlife threatens the tourist
industry that is the main source of foreign currency in a number of developing countries,
including some of the poorest African states.
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The noneconomic costs are also disturbing. Human cultures throughout the world have
been inspired by the beauties of nature. Artists, poets and writers have enshrined them in great
literature and paintings. Television has brought magnificent spectacles of scenery and wildlife
into the homes of millions of people. Their destruction is bringing spiritual as well as economic
impoverishment. .

While governments universally condemned these trends at the Earth Summit in Rio de
Janeiro, they seem incapable of responding at a rate that matches the rates of change. While
there are many real success stories, by which we are rightly heartened, in aggregate they do not
counterbalance the losses. And governments seem unaware of the momentum of current
processes; of the fact that the world is now committed to major changes, even if the policies
and actions that cause them are reversed tonight. Those changes include:

* continued human population growth, largely in the poorer developing countries, where up
to half the population is under 16 years of age, and where a population doubling is
inevitable even if these young people simply reproduce themselves;

» increasing demands for energy and essential raw materials, because 75% of the world is
underindustrialized and must industrialize if it is to give its increasing populations a decent
quality of life, and create the economic growth and infrastructure essential for population
stabilization;

* deforestation and land degradation (desertification) in the tropics, because growing popu-
lations need land to cultivate, depend largely on wood for fuel, and are being forced to use
marginal land unsustainably because there is not enough good land for them;

* ozone layer depletion, because even if chlorofluorocarbons ceased to be made and used
today, their residual time in the atmosphere is so long that it will be decades before their
impact wanes; and

* climate change, because greenhouse gas concentrations are already close to twice prein-
dustrial concentrations, and there seems no way the developing world can industrialize
without some increased use of fossil fuels even if there is an immense improvement in
energy efficiency. This in turn brings a threat of major changes in world ecology and world
agriculture.

These and other trends—like those in air and water pollution which are becoming more
serious in many regions—are expressed in the environment, but are not primarily environ-
mental in origin. They are symptoms of fundamental defects in national and international
social, economic, and political systems and will only be reversed or stabilized if national and
global economies and politics change. And this will only occur if people on the ground
demand that change, and if governments then follow.

The symptoms of the human disease are not confined to the environment. We are
becoming aware of an even more sinister linkage—between environmental stress and security.
There are already alarming signs that a combination of environmental degradation, poverty,
population pressure, and defective governmental and institutional systems can easily flash
over into conflict, generating worse environmental degradation and the spectacle of tens of
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thousands of suffering refugees. Governments, even in poor countries, spend billions of dol-
lars annually on military preparations, to buy what they perceive as security. They spend far
less on the cancer of environmental degradation that is quite literally eating away at their vitals
and that may cause the wars for which they are so busily preparing.

Any impartial observer must conclude that a new approach is urgent. Rhetoric must be
converted to action, and the rate of successful action must at least double. How is this to be
done?

3. The World Context _

The first need is to address the causes of the disease, not the symptoms. That means address-
ing the socio-econo-political system rather than the environmental damage resulting from its
deficiencies.

That is the weakness of Agenda 21, adopted by the Earth Summit in Rio de Janeiro. It
is excellent in its specification of the actions needed to manage sectors of the environment: to
address pollution and desertification, to enlist the contributions of all sectors of the community,
and to move forward in a cross-sectoral, integrated way towards sound and sustainable devel-
opment. But it does not address the world economic and trading systems, the widening gap
between rich and poor nations, the crippling burden of international debt, the corruption and
incompetence of government in many countries, and the hemorrhage of the arms race. It also
deals in an evasive and unsatisfactory way with the need to bring human populations into bal-
ance with the natural systems that sustain them.

These problems can only be dealt with by new and more effective political and eco-
nomic development. And that development has to take account of two apparently divergent
trends in today’s world. )

On the one hand, supranational problems and actions are reducing the autonomy of the
nation state. It is clear, for example, that the world’s economy depends on the world’s ecology,
and that the planet is one linked, environmental system. The threatened disturbance of global
climate through greenhouse gas emissions, largely from the industrialized countries, and the
increased penetration of the stratosphere by damaging ultraviolet radiation as a result of ozone
layer depletion, again caused largely by the developed world, bring this interdependence home
and have provoked international action in response.

A global society is emerging. Many decisions are now taken at the supranational level,
for example, by the Group of Seven, the Council of the European Community or the Group of
77. World trade policy is governed by the General Agreement on Tariffs and Trade (GATT)
and commodity prices by the various exchanges. New international institutions—Ilike the Earth
Council and the Commission on Sustainable Development—are being established and exist-
ing ones, especially in the UN system, are being strengthened. Law is becoming increasingly
international, in the environmental as in other fields. A recent review listed 121 global treaties
and other legal instruments dealing with environmental issues, together with a further 265
agreements at the regional level. Overriding obligations, such as that to safeguard the envi-
ronment in time of war, are being codified. And while it cannot yet, sadly, claim universal suc-
cess, the establishment of the peacekeeping role of the United Nations is an indication of the
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world community’s reluctance to stand back and allow societies to destroy themselves by mil-
itary conflict.

The world is also united by modern information technology. People throughout the
world hear of events as they happen. An earthquake, a flood, a governmental crisis or even a
presidential haircut can be on almost everyone’s television screen while the event is still in
progress. While the media select and distort, they make it difficult for governments to evade,
and they have unquestionably built worldwide bonds of human sympathy, which may in turn
exert pressure on governments. This has been a principal factor in the rise of the environmen-
tal movement. '

At the same time, some trends have been towards decentralization. It is increasingly rec-
ognized that the care and sustainable use of the environment depend especially on local com-
munities and individuals—farmers, fishermen, foresters, factory workers, consumers—and
the way they exercise individual choices. As a consequence, the development process is being
stood on its head. In place of solutions propounded and imposed by external “experts,” with
external and unfamiliar technology, new approaches involve learning from the poor, decen-
tralization, local community empowerment, local initiatives, and diversity. Development is
being seen not as a blueprint but a flexible, adaptive learning process. And local groups can
often solve an environmental problem, or sow the seeds of environmental crisis, without cen-
tral government’s knowledge or involvement.

Everybody has heard of the importance of biological diversity. In the development
process, cultural diversity has emerged as a crucial element. What people do depends on their
beliefs, and these reflect culture, religion and tradition. Working with the grain of culture, and
cherishing its adaptive values, is another key to success. And the literal “bottom line” is the
individual. Inspiring, motivating, educating, guiding and empowering people is the ultimate
way to secure sustainable living. We know that this will involve changes in the pattern of
resource use and consumption in developed countries like this one as well as in the develop-
ing world. Adopting and pursuing an environmental ethic, nationally, communally and indi-
vidually, is likely to be the essential foundation for the new approach we must have if we are
to cure the global disease. Our patients are people, and they must believe in our treatment.

The response we need must therefore be people-centered and environment-based. It
must be truly integrated, involving all sectors of society and matching action to need: the needs
of people and the tolerances of nature. For nature is not all-embracing and endlessly forgiving.
Political choices about development strategies will succeed or fail not only on their popularity
with the electorate, but also on their environmental realism. The world is littered with aban-
doned installations, eroding farms, saline soils, silted reservoirs and useless factories that tes-
tify to the folly of forgetting the limits of nature. And the debt burden that cripples many coun-
tries today results, at least in part, from the disastrous promotion of inappropriate technology
by lending agencies who bear no liability for their actions. :

Our response to the disease must be a search for a universal cure. It must be globally
linked, but locally applied. The rich, developed countries could just possibly turn their backs
on the rest of the world and use their strengths to maintain their own lifestyles while the poorer
countries disintegrated into famine, desertification and chaos. Such action would be wrong, by
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any moral code. But the lesson is not one we in the rich North find easy to accept, for it places
a disproportionate burden on us to carry the economic and intellectual burdens of supporting
the world’s development. Aristotle summed up the precept 2,000 years ago when he said,
“Between unequals, equity demands not reciprocity, but proportionality.”

4. The Foundations for Successful Action
In 1972, Barbara Ward and Rene Dubos emphasized global interdependence by giving their
“background” book for the United Nations Conference on the Human Environment, in
Stockholm, the title Only One Earth. In 1987, the World Commission on Environment and
Development added the penetrating comment, “The Earth is one, but the World is not.” They
sought a solution in sustainable development, defined as “development that meets the needs of
the present without compromising the ability of future generations to meet their own needs.”
Few concepts in recent years have been so widely quoted, and played in aid of so many pre-
conceived ideas, as that of sustainable development. Some have proposed that it means achiev-
ing the highest feasible rate of economic growth without fueling inflation. Some have argued
that it means characterizing the “carrying capacity” of natural resources and constraining
human demands within that capacity (stretched as far as practicable by technology, but ulti-
mately limited by the productivity of a finite ecosystem on a finite Earth, where the Second
Law of Thermodynamics rules.) -
Much of this debate is, in my view, sterile and pointless. The Roman Emperor Nero
achieved lasting notoriety by fiddling while his city burned about him, and those who divert
themselves with the minutiae of conceptual analysis at this juncture deserve a similar judgment
from history. The essential concept is clear enough, and we have to get down to action on the
ground—action for sustainable living.

5. Caring for the Earth: A Strategy for Sustainable Living

In 1980, IUCN joined with the United Nations Environment Programme and the World Wide

Fund for Nature to prepare the World Conservation Strategy. In 1991, the same three organi-

zations published a second volume, Caring for the Earth: A Strategy for Sustainable Living.

This sets out nine basic principles, and 132 specific actions, as medicine for the human disease.
The nine principles are:

1. Respect and care for the community of life. This is the ethical foundation of the whole strat-
egy. There is a duty of care for other people and other forms of life, now and in the future.
Development should not be at the expense of other groups or later generations.

2. Improve the quality of human life. This is the real aim of development—to enable human
beings to realize their potential, build self-confidence and lead lives of dignity and fulfill-
ment. Economic growth is an important component of development, but it should not be a
goal in itself.

3. Conserve the Earth’s vitality and diversity. Natural systems keep the planet fit for life,
shape climate, cleanse air and water, regulate water flow, recycle essential elements, create
and regenerate soil, and enable ecosystems to renew themselves. The genetic diversity of
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nature is the basis for continuing evolution and the source of resources vital to humanity.

4. Minimize the depletion of nonrenewable resources. Our industrialized civilizations depend

on nonrenewable resources like minerals, oil, gas and coal. Demand is bound to rise as less-
‘developed countries industrialize. The effective “life” of these resources should be
extended by recycling, by using less of a resource to make a particular product, or by
switching to renewable substitutes where possible.

5. Keep within the Earth’s carrying capacity. Although precise definition is difficult, there are
finite limits to the capacity of the planet’s natural systems to support human life, and with-
stand impacts without dangerous deterioration. Greenhouse gases and acid oxides, pro-
duced by burning fossil fuel, and halocarbons that deplete stratospheric ozone, are threat-
ening to cause such deterioration. Policies that bring human numbers and lifestyles into
balance with nature’s capacity must be developed.

6. Change personal attitudes and practices. If they are to implement the ethic for living sus-
tainably, people must reexamine their values and alter their behavior. Society must promote
values that support the new ethic and discourage those that are incompatible with a sus-
tainable way of life. And the need for changes in lifestyle must be explained through edu-
cation and public information.

7. Enable communities to care for their own environments. Most of the creative and produc-
tive activities of individuals and groups take place in local communities, including busi-
nesses and citizen’s groups. Communities need to be informed and enabled to act to create
sustainable societies that are in tune with local environments, resources, cultures and aspi-
rations.

8. Provide a national framework for integrating development and conservation. Governments
must develop national programmes for achieving sustainability that involve all interests and
promote an integrated approach to environmental management. Consistent laws, institu-
tions, and economic and social policies are essential. The programme must be adaptive,
continually redirecting its course in response to experience and new needs.

9. Create a global alliance. No nation today is self-sufficient. If we are to achieve global sus-
tainability, a firm alliance must be established between all countries. Lower-income coun-
tries must be helped to develop sustainably, and to protect their environments in the process.
Global resources of atmosphere and ocean must be safeguarded by collective endeavor. The
ethic of care applies at the international as well as the national and individual levels. All
nations stand to gain from worldwide sustainability—and are threatened if we fail to attain
1t.

These general principles provide the basic logic for the actions needed to solve human prob-
lems and to use environmental resources sustainably. They provide the foundation for the 132
specific actions. But they will get nowhere unless they are applied in the real world. How? I
suggest that the movement from strategy to action demands changes in approach at local,
national and global levels, matching the dual processes of internationalization and decentral-
ization I have already mentioned.

At the local level, the need is for both environmental and cultural sensitivity. Any global
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strategy is inevitably generalized. It has to be adapted to the needs and cultures of particular
communities and the capacities of the environment in specific localities—a variant of the famil- -
iar statement, “Think globally, act locally.” Thus while a development plan demands sound
technical survey and analysis, in which modern scientific methods can contribute much, the sub-
sequent development of an action plan demands great cultural sensitivity and understanding.

This in turn demands a listening ear and the development of solutions through the par-
ticipation, indeed the leadership, of the people who live on the land. Communities of the rural
poor are often far more sophisticated than their rulers in capital cities give them credit for. They
often have detailed knowledge of their environments, even if their records are scientifically
unorthodox. They are able to adjust to change swiftly and on the basis of understanding of the
behavior of the local environment gained over many centuries. They often know the solutions
if they are empowered to carry them out.

Development must respect diversity and cherish it. Over millions of years, the Earth’s
ecological systems have developed as a response by living organisms to geological, topo-
graphical and climatological conditions. Throughout human history, people have adjusted their
cultures and lifestyles in the same way. The resulting diversity contains rich and valuable infor-
mation, which should be the starting point of the development process. The values,
approaches, crops and technologies of other regions and cultures should be transferred only
with the greatest care and as grafts on the local stock of knowledge.

At the national level, the first need is to accept that the role of central governmental insti-
tutions and the international agencies that may work with them is an enabling one.
Governments must accept the value of diversity and the need for local leadership in the devel-
opment of detailed action plans. They must support and empower communities in those
processes. They do, however, have the responsibility for creating the overall framework for
development.

This needs to be attentive to scale. While some problems must be addressed locally, oth-
ers demand a national strategy and national infrastructure, including both physical planning of
settlements, industry, communications and transport, and social instruments such as appropri-
ate land tenure, sound and properly enforced laws, appropriate economic measures, education,
information, health care and security. Good development is difficult without good government.

Some problems—Ilike the management of river basins shared between nations, or of
coastal seas, or pollution that moves across frontiers—can only be addressed internationally.
Many ecological systems and biological dispersal routes pay no heed to frontiers. Hence,
international cooperation is essential.

Many overarching socioeconomic problems obviously need attention on a global scale.
For example, we need new systems for economic valuation. Present systems tend to under-
value natural resources, especially those used at the local level and outside the formal national
economy. As a result, the decisions made by central and local governments as to which kinds
of land use to favor, and which kinds of environment to change, are often defective. The deci-
sions of consumers are also influenced by economic valuations, and if the prices charged for
products do not correctly reflect the costs imposed on the environment in their manufacture or
use, sustainability is undermined. Yet because of the global nature of trading and economic



systems, any changes to economic theory and methodology need international consensus.

World trading and economic mechanisms also need critical review. It is common knowl-
edge that the burden of debt incurred in the past for often inappropriate development schemes
is now crippling the ability of many of the world’s lowest-income countries to adopt new and
more sustainable development paths. Low commodity prices, controlled by markets in the
developed world, further depress the economies of such countries, while high tariffs on their
manufactured goods tend to lock them into remaining exporters of raw materials. The global
alliance must be an economic alliance dedicated to creating the conditions for sustainable
development in harmony with the environment, and if the world trading systems and agree-
ments do not favor that process, they will need changing.

New technologies are needed. Those on which development in the North has been based
are wasteful in their use of raw materials and energy, and we need new approaches that are
more conserving of nonrenewable resources. Recycling and waste avoidance are imperative.
Only thus can we have the benefits of modern technology without its impacts. And a conse-
quence, which is almost countercultural in today’s industrialized world, is that the consumer
society may need to become a conserver society. Goods may need to be more durable, and
advertising emphasize the facilities for upgrade and refurbishment rather than replacement.

Finally, the global alliance must go far beyond government-to-government help through
official development assistance. In terms of financial flow, this assistance is trivial compared
with that in the private sector. Official development assistance is invaluable in providing sci-
entific and technical expertise and helping governments formulate strategies and develop infra-
structures, but the test is whether those infrastructures create conditions that favor private-sec-
tor investment, both of indigenous wealth within the country and through international
investment.

6. Caring for the Earth in Practice: The Role of IUCN

The award of the Blue Planet Prize recognizes that [UCN—The International Union for
Conservation of Nature and Natural Resources, or more briefly, The World Conservation
Union—has had some success in addressing the above problems. I do not want to claim too
much: the fact is that no institution can claim total success in this difficult field, and we need a
new approach if we are to have any prospect of success. But IUCN certainly has the potential
to contribute, and I want to say a few words about why before concluding this lecture.

First, TUCN is preadapted by its structure. Almost uniquely among environmental bod-
ies it is a union of governmental and nongovernmental sectors—of states, state agencies and
both international and national NGOs. It also combines a professional Secretariat (now num-
bering almost 500 staff worldwide) with voluntary networks. There are now almost 6,000 vol-

- unteer experts in the Union’s six Commissions. They are drawn from a wide range of profes-
sions, countries, institutions and organizations, not all of them ITUCN members. They are
linked by a common commitment to conservation.

This is a model for the cross-sectoral approach the world community demanded at the
Earth Summit in Rio de Janeiro. We need alliances of governments, government agencies and
the nongovernmental sector, because only by pooling the skills and enthusiasm of all can we
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hope to accelerate and reorientate action. We need the expertise of permanent institutions like
the IUCN Secretariat, and the enthusiasm and knowledge of worldwide networks of commit-
ted volunteers. We need dynamic and at times challenging debate, because we do not know all
the answers and must share our visions and thoughts about solutions. We must not be afraid of
change, or of challenge to our established values, even though both are uncomfortable things
to deal with. We need action on the ground, linked to worldwide machinery that will draw out
and promulgate the lessons learned. We need flexibility to adjust action to regional priorities.
We need ability to adjust programme and priorities with the times.

These are all characteristics of TUCN today. That does not mean that we are a perfect
and complete body. We have weaknesses. Our dialogue with the corporate sector, for example,
has evolved slowly and haltingly, partly because many of our member organizations have yet
to be convinced that the corporate sector is willing to look beyond short-term profits, aggres-
sive and competitive marketing, and minimal investment in environmental protection. The
work of the Business Council on Sustainable Development has done much to build confi-
dence, but we need to go further. For the private sector of industry is the dominant engine of
change in the world. It manages finance flows far greater than government-to-government aid.
It will be the leader in developing new technology—and needs dialogue with government, the
regulator and the environmental movement which understands the limits and sensitivities of
the Earth if that technology is to be sustainable. We need to give priority to new dialogue. We
have already begun, with the business sector here in Japan.

7. The Future
What does the future hold? Quite frankly, there can be no grounds for confidence.

The optimistic scenario assumes that we shall indeed create the new dialogue between
government, the corporate sector and the nongovernmental environmental movement. That we
shall create partnerships that link communities and enlist every citizen in the action required.
That we shall succeed in convincing people of the need to adjust their personal goals and adapt
their lifestyles, so that their descendants may inherit a world that is beautiful, diverse and able
to offer everyone a life of decency, quality and fulfillment.

To do this we have to work with the grain of human culture and tradition, and to touch
people’s beliefs and sense of ethics and human decency. We have to empower local commu-
nities to steer their own development—and this means a fundamental change in how some
governments work. Not easy. Indeed, Caring for the Earth has already been attacked as hope-
lessly utopian.

But what is the alternative? The pessimistic scenario is one in which the gaps in the fab-
ric of civilization yawn ever wider until part at least of that fabric collapses. It might be indeed
possible for the developed countries to stand back, protect their own lifestyles and allow mor-
tality to rise in other regions, balancing populations by nature’s harshest means. But this would
erode the total ability of the Earth to support life, and there would be no guarantee that the
interactions in the world environmental system, as well as in the world political system, would
tolerate such a selfish separation.

The fact is that the unifying processes in the world are too strong to stop. Travel, uni-
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versal information, ever-tightening economic links and many other factors make it simply
incredible that a quarter of humanity could contemplate shaping a future that left the other
three-quarters to drift and disintegrate. We have to tackle the poverty gap, widening as it is
between nations and within nations, and which is creating a new environmental degradation .
gap. We have to do this by rallying behind the visions that have for long been best in human
society: equity, alliance and care for one another and the Earth, on which we all depend.

We in TUCN believe that we have to be optimistic. And I hope that you in Japan share
that view and will yourselves be making the contribution the world needs from you. Your
country has one of the strongest economies in the world. Your industry is unrivaled in its tech-
nical skills. You are well able to create the new, sustainable industrial processes that use a min-
imum of energy and raw materials, produce no or negligible pollution or waste, and provide
environmentally friendly products that can be recycled at the end of their useful lives. You can
forge alliances with environmental organizations like ours, and develop an increasingly cre-
ative and useful national nongovernmental sector. Nationally, you can set an example of envi-
ronmentally sound development, but I have to say that this will mean changes, not least in the
field of land-use planning. You can play a large part in supporting the sustainable development
of the neighboring countries of Southeast Asia. I hope you will pick up these challenges and
so contribute leadership to a world that needs it greatly.

IUCN sincerely thanks the Asahi Glass Foundation for the award of this prize, which
will encourage us to new endeavors. We look forward to working more closely with you, in
Japan, with your immense ability to contribute to the human future. We hope that we may wel-
come you shortly as state members of the Union. We look forward to working with industry
and nongovernmental organizations in this dynamic and creative country.

Thank you again.
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Conservation Action Plan 1995-1999, 1995.

—. Pheasants: Status Survey and Conservation Action Plan 1995-1999, 1995.
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IUCN. Centres of Plant Diversity: A Guide and Strategy for their Conservation:
Vol. 1. Europe, Africa, South West Asia and the Middle East, 1994;
Vol. 2. Asia, Australasia (except Southwest and the Pacific Islands), 1995;
Vol. 3. The Americas, 1996. '

—.Principles and Practice of Plant Conservation, 1994,

—.Guidelines for the Conservation of Medicinal Plants, 1993.

—. Principes directeurs pour la conservation des plantes m Eicinales, 1993.
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Protected Areas
TUCN. Tourism, Ecotourism and Protected Areas, 1996.
—. Conservation of Biodiversity and the New Regional Planning, 1995.
—.Expanding Partnerships in Conservation, 1995.
—.Opportunities for Antarctic Environmental Education and Training, 1996.
—. Progress in Conservation of Subantarctic Islands, 1995.
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—. Plantations in the Tropics: Environmental Concerns, 1993.
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IUCN. Best Practice for Conservation Planning in Rural Areas, 1995.
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—.National Environmental Status Report: Vol. 4: Conservation Status of the Danube Delta.

—. Environmental Law in the South Pacific, 1996.
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