
on Environmental Quality and became the chair in 1979. At CEQ, he brought the threat of
global climate change to public attention and called repeatedly for action to forestall global
warming. In 1980, the Council released the landmark Global 2000 Report, a government sur-
vey that linked available data and computer models to analyze population, environment, and
development conditions likely at the start of the 21st century. The report pointed out that in the
year 2000, the global environment could face difficult prospects including population pres-
sures, heightened pollution, and resource degradation. Global 2000 Reportwas widely hailed
and became a fundamental reference.

In 1982, he founded the non-profit research organization, the World Resources Institute
(WRI), and served as its president for over a decade. The Washington-based WRI is a think
tank that addresses the fundamental question of how societies can achieve development that
satisfies human needs while sustaining the natural environment. WRI also provides technical
guidance and assistance to governments and NGOs in developing nations interested in sus-
tainable natural resource management. It is particularly active in policy research related to the
prevention of global warming and the maintenance of biodiversity. At the Rio Earth Summit,
it contributed to the adoption of important treaty articles related to both these topics.

In 1993, he was appointed to head the United Nations Development Programme
(UNDP), which has offices in more than 130 developing countries and an annual budget of
over $2 billion. In the Human Development Reportreleased in 1994, he advocated a new con-
cept of “human security” that included environmental security. This concept of global human
security addresses common problems that threaten human safety, such as narcotics, terrorism,
communicable diseases, environmental destruction, natural resource depletion, natural disas-
ters, ethnic conflict, and refugee outflows. 

In 1999, Professor Speth was appointed Dean of the Yale University School of Forestry
and Environmental Studies where he is seeking to build the first truly global school of the envi-
ronment and to train a new generation of environmental leaders from around the world, goals
to which he brings a wealth of experience.
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Essay

The Heart of the Matter 

Professor James Gustave Speth 

Central to the mission of America’s environmental schools is the development of professional
environmental managers. The majority of our graduate students at Yale are in our Master of
Environmental Management program. But what exactly is environmental management? 

When I am asked this question, I reply that environmental management is the new busi-
ness of bringing our human enterprise into harmony with the natural world of which we are a
part. And I add: It’s the most important thing in the world. 

I know this may sound exaggerated, but I think the truth of this statement will become
clear in the years ahead. The enormous expansion of the human enterprise in recent decades
has brought us to the threshold of a fundamentally new era in which environmental manage-
ment must quickly emerge as the number one priority of governments and peoples every-
where.

Consider first that environmental losses are already great. Half the world’s tropical and
temperate forests are gone. Half the wetlands and a third of the mangroves are gone. Ninety
percent of the large predator fish are gone, and 75 percent of marine fisheries are now over-
fished or fished to capacity. Twenty percent of the corals are gone, and another 20 percent
severely threatened. Species are disappearing at rates 100 to 1000 times normal. Most agri-
cultural land in drier regions suffers from serious deterioration. Persistent toxic chemicals can
now be found by the dozens in essentially each and every one of us.   

Consider also that human activities are now large relative to natural systems. We
severely depleted the earth’s stratospheric ozone layer without knowing it. We have pushed
atmospheric carbon dioxide up by one-third and started the dangerous process of warming the
planet and disrupting climate. Everywhere earth’s ice fields are melting. We are fixing nitro-
gen at a rate equal to nature’s; one result is the development of at least 150 dead zones in the
oceans due to overfertilization. We already consume or destroy each year about 40 percent of
nature’s photosynthetic output, leaving too little for other species. Freshwater withdrawals
doubled globally between 1960 and 2000 and are now approaching a quarter of all river flow.
The following rivers no longer reach the oceans in the dry season: Colorado, Yellow, Ganges
and the Nile, among others. We live in a full world, dramatically unlike the world of 1900, or
even that of 1950. 

Consider also that all we have to do to destroy the planet’s climate and its biota is to keep
doing exactly what we are doing today, even with no growth in the human population or the
world economy. But human activities are growing – dramatically. It took all of history to build
the $7 trillion world economy of 1950, and today we add that amount of economic activity
every 5 to 10 years. The world economy is poised to double and then double again by mid-cen-
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• A bird in hand is worth two in the bush;
• sooner the world gets a clear signal that the industrial nations have capped CO

2
emis-

sions, the better;
• The developing countries are correct in wanting to see the industrial countries act first

and most, and the Kyoto Protocol takes this approach.
These are powerful considerations, and the Bush Administration should join with the

rest of the world in supporting this agreement.  It is deplorable that it has not, and, unfortu-
nately, the Administration’s recently announced climate initiative would allow U.S. emissions
to rise at the same rate they did for the past decade.

That said, we must guard against letting debates about the Kyoto Protocol deflect atten-
tion from addressing the long-term challenge of holding cumulative global emissions of car-
bon dioxide and other greenhouse gases below certain levels.  Also, we still have a long way
to go to make the protocol’s flexibility mechanisms, land use provisions and other difficult and
complex provisions actually work effectively in the real world.

The bottom line, in any case, is that however one looks at the matter, we are in poor
shape when it comes to climate policy.  The twenty years have not been put to very good use.  

Promoting the Transition to Sustainability
How then should we move forward?  I believe there are seven dimensions where progress,
indeed transformation, is necessary to achieve sustainability.  There are hopeful developments
in each of these seven areas, and we should build on them.  We should be promoting these tran-
sitions – investing much more heavily in them – because they address directly the underlying
drivers of large-scale environmental deterioration.  

The first of these transitions to sustainability is the need for an early demographic tran-
sition to a stable world population.  Here there is definite progress.  The mid-range projection
for 2050 was recently 10 billion people; now it is 9 billion.  One projection of developing coun-
try population in 2100 was 10.2 billion.  Analyses suggest that an escalation of proven
approaches could reduce this number to 7.3 billion, with global population leveling off at 8.5
billion.  The main need here is adequate funding for the United Nations’ Cairo Plan of Action,
which is being underfunded by half.

The second transition is the human development transition to a world without mass
poverty, where the prospects for widely shared prosperity are good.  Environmentally, we need
this transition, first, because over much of the world poverty is an important destroyer of envi-
ronment; the poor have no choices other than to lean too heavily on a declining resource base.
But we also need this transition because the only world that works is one in which the aspira-
tions of poor people and poor nations for fairness and justice are being realized.  Developing
country views in international negotiations on environment are powerfully shaped by fear of
the costs of environmental measures, preoccupation with their own compelling economic and
social challenges, and distrust of industrial country intentions and policies.   Sustained and sus-
tainable human development provides the only context in which there is enough confidence,
trust, and hope to ground the difficult measures needed to realize environmental objectives. 

There is some good news to report on the development front. An impressive consensus
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has emerged around objectives.  The international community has come together with a con-
certed commitment to the goal of halving the incidence of absolute poverty by 2015. This goal
and others dealing with health and education were endorsed by all governments in the
Millennium Assembly of the United Nations.  Eliminating large-scale poverty is no longer an
impossible dream.  It could be accomplished in the lifetimes of today’s young people.  But, as
with population, a serious threat to achieving these goals is limited development assistance, in
this case compounded by protectionist trade regimes, and heavy debt burdens. 

The third transition is a transition in technology to a new generation of environmentally
benign technologies. We need a worldwide environmental revolution in technology.  The only
way to reduce pollution and resource consumption while achieving expected economic growth
is to bring about a wholesale transformation in the technologies that today dominate manu-
facturing, energy, transportation, and agriculture. 

The good news here is that across a wide front, technologies that would bring about a
vast improvement are either available or soon can be.  From 1990 to 1998, when oil and nat-
ural gas use grew globally at a rate of 2 percent annually, and coal consumption grew not at all,
wind energy grew at an annual rate of 22 percent and photovoltaics at 16 percent.  Denmark
now gets eight percent of its energy from wind; Japan last year installed 100 megawatts of pho-
tovoltaic power.  Transformation of the energy sector must rank as the highest priority. 

The fourth transition is a market transition to a world in which prices reflect the full
environmental costs. The needed revolution in technology and the equally needed changes in
consumption patterns will not happen unless there is a parallel revolution in pricing.  The cor-
rective most needed now is environmentally honest prices.  Full cost pricing is everywhere
thwarted today by the failure of governments to eliminate environmentally perverse subsidies
(estimated globally at $1.5 trillion) and to ensure that external environmental costs are cap-
tured in market prices.  

One of the most hopeful developments today is the tax shift idea adopted in Germany
and many other European countries.  Moving in four stages starting in 1999, the German pol-
icy is to shift the tax burden from something one wants to encourage – work and the wages that
result – to something one wants to discourage – energy consumption and the pollution that
results.

The fifth transition is a transition in consumption from unsustainable patterns to sus-
tainable ones.  Here, one very hopeful sign is the emergence of product certification and green
labeling and public support for it.  This trend started with the certification of wood products as
having been produced in sustainably managed forests and has now spread to fisheries and to
building design.  Increasingly, consumers are voting green in the marketplace, and that is dri-
ving change.  Another hopeful sign is the new legislation in Europe and Japan requiring that
consumer durables be recycled; some require that manufacturers take back their products when
use is finished.

New Initiatives in Global Environmental Governance
The sixth transition is a transition in governance. The World Business Council for Sustainable
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Development has sketched several broad paths in environmental governance. One they call
“FROG” First Raise Our Growth. Let’s solve our economic challenges first, it says. FROG is
a business-as-usual scenario, leading to huge environmental costs, social inequity, and often
social instability. It is a failure scenario, even in the eyes of business leaders.

The two other scenarios are success scenarios in which sustainability is vigorously pur-
sued. But they are very different. In one, “GEOPolity,” people turn to government to focus the
market on environmental and social ends and rely heavily on intergovernmental institutions
and treaties.

The final scenario is a “JAZZ” world of unscripted initiatives, decentralized and impro-
visational. There is abundant information about business behavior; good conduct is enforced
by public opinion and consumer behavior. Governments facilitate; NGOs are very active; busi-
ness sees strategic advantage in doing right thing.

The initial international response to the global change agenda has been to try to move
the world from FROG to GEOPolity. It isn’t working. Getting serious about governance
requires new action on two mutually supportive fronts:

• Pursuing a radically revised approach to GEOPolity
• Taking JAZZ to scale
The current world of GEOPolity is a world that is designed to fail. It can be redesigned

for success by insisting on new norm-setting procedures and new institutions, including a
World Environment Organization. The case for an effective WEO is as strong as for an effec-
tive WTO. The international community knows how to create plausible multilateral arrange-
ments and has often done so in other, mostly economic, areas. 

A second path to the future is to implement measures that can take JAZZ to scale. JAZZ
is the most exciting arena for action today, with an outpouring of bottom-up, unscripted ini-
tiatives from business, NGOs, governments, and others.

• Seven large companies – DuPont, Shell, BP Amoco, Alcan among them – have agreed
to reduce their CO

2
emissions 15 percent below their 1990 levels by 2010. Indeed,

Alcoa is reported to be on track to reduce its emissions 25 percent below 1990 levels
by 2010, and DuPont is on schedule to reduce emissions by 65 percent.

• Eleven major companies – DuPont, GM, IBM among them – have formed the Green
Power Market Development Group and committed to develop markets for 1000
megawatts of renewable energy over the next decade.

• Home Depot, Lowes, Andersen and others have agreed to sell wood (to the degree it’s
available) only from sustainably managed forests certified by an independent group
against rigorous criteria. Unilever, the largest processor of fish in the world, has agreed
to the same regarding fish products.

NGOs had important roles in forging these corporate initiatives. They are the real mae-
stros of JAZZ. Local governments, universities and other entities have also contributed. Over
500 local governments have now joined a campaign to reduce greenhouse gas emissions.

Finally, there is the most fundamental transition of all – a transition in culture and con-
sciousness. Clearly we need new habits of thought – a new world view.  Paul Ehrlich recently
wrote that, “Our global civilization had better move rapidly to modify its cultural evolution and
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5. Discovery of acid rain in North America. The continuous analyses of precipitation
since 1963 demonstrated the link between the use of fossil fuels in North America
and increased acidification of rain and snow. This discovery prompted the world's
first international symposium on acid rain. These data subsequently contributed to the
1990 Clean Air Act Amendments in the United States. Moreover, it made it clear that
acid rain leaches calcium from the forest soil. This leaching deprives the soil of nour-
ishment and buffering capacity and causes major damage to forest and aquatic
ecosystems.

From the beginning of the HBES, Drs.Likens and Bormann, by a variety of means,
seminars, and newspaper and magazine interviews, have tried to make the connection between
science and policy clear to the public. To achieve these ends, they joined with others to form
The Hubbard Brook Research Foundation which functions to connect science and policy.
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Essay

Surprises from Long-term Studies

at the Hubbard Brook Experimental Forest, USA

Dr. Gene E. Likens

Introduction
Long-term records of ecological phenomena are rare and very difficult to obtain, but they pro-
vide unique insights into how an ecosystem, if not the world, works.  As such, these records
are a critical component of overall ecological inquiry (Likens 1989a, 1992; Carpenter 1998;
Lovett et al. 2006).  Long-term records are usually developed through monitoring of ecosys-
tem parameters (optimally guided by questions, not mindless collection of data), but statisti-
cally-valid records of high quality are difficult to develop and sustain over long periods.  Thus,
there are relatively few records of long duration and high quality, which have had frequent and
careful scrutiny.  Indeed, the integrity and application of quality assurance/quality control
(QA/QC) protocols are key to the success of long-term studies (see Buso et al. 2000; Lovett et
al. 2006; Hirsch et al. 2006).  Without high quality QA/QC, long-term records are, for the most
part, seriously compromised.  

The pioneering efforts at Rothamsted, UK (Lawes Agricultural Trust 1984) and of the
United States Weather Service come to mind as exemplary models.  In the last 3 decades or so
in the United States, there have been attempts to initiate and sustain long-term studies, e.g.
Long-Term Research in Environmental Biology (LTREB), Long-Term Ecological Research
(LTER), Atmospheric Integrated Research Monitoring Network (AIRMoN), Clean Air Status
and Trends Network (CASTNeT).  In spite of the documented value of such efforts (Likens
1989a) they are supported by fickle finances, and thus are difficult to maintain.

From a survey of some 100 ecologists involved in long-term research, Strayer et al.
(1986) found that the survival of long-term research was primarily dependent on the dedica-
tion and longevity of one or a few project leaders.  Another key ingredient for maintaining long
records of high quality is the frequent examination and use of these data, that is, this is the pri-
mary way that errors, artifacts, or other problems are discovered, and enthusiasm is sustained.
Moreover, it is much easier to resolve a problem in long-term data when it is identified in a
timely fashion, while observers and methods are still available for examination.  New sensors,
modified or new analytical procedures and real-time data can add significantly to long-term
data (Hirsch et al. 2006), but offsets and glitches generated by new methodology are a com-
mon problem in long-term data sets and must be addressed carefully.  In the long-term
Hubbard Brook Ecosystem Study, we don’t replace an analytical method or a procedure with
a new one without first overlapping the two for many months or more than a year in order to
compare results (Buso et al. 2000).  Also, many samples are stored for later analysis to help







found algae in Bear Brook and then Bernhardt and Likens (2004) observed blooms of attached,
filamentous algae in headwater streams subsequent to snowmelt and prior to canopy leaf out
of the deciduous forest on south-facing watershed-ecosystems.  More recently, blooms of
attached algae have been observed in the main Hubbard Brook (Fig. 3), a fifth-order stream
draining the Hubbard Brook Valley.  Possible explanations for this surprising change include
thinning of the overstory canopy due to increased tree mortality, which may result in warmer,
streamwater temperatures and more light reaching the stream earlier in the spring (Bernhardt
et al. 2005).

Atmospheric Inputs and Watershed Nutrient Retention
Long-term studies revealed the surprising capacity of undisturbed, forested watershed-ecosys-
tems to retain nutrients (e.g. N) critical to forest growth.  Following disturbance (e.g. cutting,
ice-storm damage, soil frost) large amounts of N may be lost in stream water (Likens et al.
1970; Bormann et al. 1974; Bormann and Likens 1979; Likens and Bormann 1995; Mitchell
et al. 1996; Houlton et al. 2003; Bernhardt et al. 2003).  Retention in this case refers to net
retention (inputs from atmospheric deposition > losses in stream water).

Surprisingly, and in sharp contrast to predictions (Vitousek and Reiners 1975), NO
3
-lev-

els in stream water at the Hubbard Brook Experimental Forest are currently at their lowest
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Figure 3.  A photo of attached, filamentous algae in Hubbard Brook, a fifth-order river draining the Hubbard
Brook Valley, New Hampshire.  (Photo by D. C. Buso on 28 April 2006).



Summary
There are many other “discoveries”/”surprises” from our long-term studies in the Hubbard
Brook Experimental Forest, but the examples given here are astonishing to me.  Some addi-
tional discussion about our long-term results has been presented elsewhere (see, e.g. Likens
2004).  Nevertheless the point is clear, long-term data and long-term studies are critical for
revealing ecosystem functions that either would be difficult to discover or possibly not revealed
from short-term studies.
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continental glaciation.  As our human numbers and our skills increase and promise to
increase even faster in the 21st Century, and as our activities push wild nature more and
more into the background, thoughtful persons, scholars, scientists, laymen, business
persons, theologians, and poets have begun to question how long this degradation can
continue before human societies collapse in the face of some new environment we have
created, an environment that may be inimicable to further growth of human societies or at
the least, inimicable to the sustenance of human dignity, which all humans seek.

Concepts of limits to growth and sustainable systems are being debated everywhere.
To evaluate such ideas, it has become apparent that we need much more information on
how the natural systems of the world work!  This is an incredibly complex task involving
not only science but also economics, social studies and politics with the understanding
that answers must be in a systems format where changing one component will reverberate
throughout the ecosystem.  The widespread public conception that science can provide
piecemeal “yes” or “no” answers has little applicability in understanding how the world
really works. 

Vaclav Havel calls this the “Modern Age,” an “Age” with a central tenet of belief in
the inevitable dominance of humans over the rest of the world, a belief that the world is a
wholly knowable system governed by a finite number of laws that humans can grasp and
rationally direct for their own benefit.  The goal of science and technology in the “Modern
Age” is to find a universal theory of the world, and thus a universal key to unlock it’s
prosperity.  Nature under this paradigm is a commodity to be bought, sold and
manipulated with little consideration of effects on naturally-occurring processes that in
the end govern how the world works.

The “Modern Age” began with the development of technology to use energy
locked in fossil fuels.   Energy from fossil fuels freed humans from their sole dependence
on solar energy, the way of all previous human history, and opened exciting new areas of
activity.  This “Age,” which many regard as humanity’s finest hour, has been marked with
an endless succession of human achievements.  Science and technology have recorded
successes undreamt of in the Eighteen Century.  Marvels of human infrastructure are
found everywhere in the world, health care and agriculture have made incredible advances,
and we are now passing from the industrial revolution to the information revolution.  In
material terms the quality of life for many people is at its highest level ever.

With this cornucopia of human benefits came the power to alter environmental
processes of the Earth in ways menacing to the survival of a great many organisms on the
planet.  From the narrow perspective of human welfare, we might think of this response
as nature’s backlash to the “Modern Age.”  Many fear that today’s level of environmental
degradation already threatens our human future.

Unlike any previous time in Earth’s history one species – humans – has come to
monopolize the use and availability of our planet’s resources.  Humans now number more
than 6.3 billion and are expected to reach 8 to 10 billion in the next 50 years or so.  Where
will this number find adequate and affordable supplies of fresh water, clean air and
nourishing food?  And, how will the distribution of wealth, natural resources and quality
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interstate highway was constructed through the Mirror Lake watershed within the
Hubbard Brook Valley in 1969-1971.  Subsequent application of large quantities of
salt (NaCl) during winter to melt snow and ice on the roadway resulted in large and
continuing increases in salt concentrations in the affected drainage stream and in the
lake itself (chloride concentrations currently have increased by 20-fold and 4-fold in
the drainage stream and in Mirror Lake, respectively).  This quantitative illustration of
the environmental effects of road salt on interconnected aquatic ecosystems, seems
particularly significant since some 10 million tons of salt are applied to U.S. roads in
the winter.

One of the most profound ideas to have come from the long-term measurements at
the Hubbard Brook Experimental Forest, especially of experimentally manipulated
systems, is that complex legacies play out over very long periods of time.  Each
disturbance creates a set of conditions or trajectories that impacts the next situation, and
thus, the sum total of ecosystem processes is influenced by historical events, each event
being overlaid on some previous one.  Our long-term ecological and biogeochemical data
from the Hubbard Brook Ecosystem Study have been invaluable for unraveling such
legacy effects, as well as for providing continuity for examination of critical questions,
for identifying extreme events, for generating new research questions, for detecting
environmental change, and for providing knowledge needed by decision makers.  The
long-term ecological and biogeochemical record at the Hubbard Brook Experimental
Forest increases in intrinsic value with every year of record added to it.  Some examples
of our long-term studies include:  

— Declines in emissions of lead, associated with the elimination of leaded fuels in
the U.S. were correlated with a marked decrease of lead in precipitation and in
the forest floor at the Hubbard Brook Experimental Forest.  These data helped
confirm the efficacy of regulations against the use of leaded gasoline in the U.S.;  

— Enigmatically, net accumulation of forest biomass has ceased since 1982 at the
Hubbard Brook Experimental Forest.  Is this result some complicated effect of
acid rain?  Failure of the northern hardwood forest ecosystem to grow could
have serious implications for the sustainability and harvest of forest landscapes
in the northern U.S.  This important question is the subject of intense, ongoing
investigation.  

— Long-term studies of Mirror Lake during winter show that the duration of ice
cover is becoming significantly shorter each year.  This decrease in ice cover is
one clear measure of global climate change.  

— Organic debris dams, naturally formed in streams in a forest landscape, play
major functional roles in the ecology and biogeochemistry of stream ecosystems.
It was found that 100 years or more are required for organic debris dams in
headwater streams to reform following their loss due to disturbance from
deforestation.  

— Initial models of the rate of return to steady-state conditions in forest ecosystems
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following clear cutting involved measurement of solutes in stream water exiting
the watershed-ecosystem.  For ions such as nitrate, calcium and potassium, there
were large net losses peaking in the second year after cutting.  Thereafter,
streamwater losses declined as the vegetation recovered and net losses of
dissolved chemicals returned to near pre-cutting levels at rates unique to each
ion.  For the purposes of understanding the ecosystem effects of forest cutting
and for planning future forest management strategies, these data were clear and
sufficient.  Yet, decades after these experimental clear cuts were done within the
Hubbard Brook Experimental Forest, subtle to large differences still can be seen
in several streamwater solutes, such as calcium.  Understanding gained from our
long-term element mass-balance analyses suggests that the legacy from the
1965-66 cut was still affecting ecosystem function in 2003!

It is not possible here to describe the major results of numerous other research
efforts at the Hubbard Brook Experimental Forest over the years, including the important
studies of bird populations and dynamics, studies of the ecology, biogeochemistry and
hydrology of stream and lake ecosystems [see www.hubbardbrook.org/research/current/
projects/ streams/stream_99.htm], studies of pattern and process in the northern hardwood
forest ecosystem, and experimental ecosystem (“Sand Box”) studies.

Management of the HBES
Long-term continuity of a complex study, such as the Hubbard Brook Ecosystem Study,
involves much more than science alone.  Several management features and goals were
fundamental to sustaining the productivity and integrity of the Hubbard Brook Ecosystem
Study over such a long period (40 years);  (1) developing at the outset and continuing to
use a conceptual biogeochemical model (Figure 3) for guiding research and ecosystem
analysis; (2) nurturing a strong incentive within our team to understand the whole system
(the ecosystem) rather than a reductionist approach of focusing exclusively on the
components (parts) of the system; (3) integrating results and preparing synthesis volumes
as rapidly as possible (see www.hubbardbrook.org/research/pubs/hbrbib.htm); (4)
nurturing the concept of long-term studies even though it was often difficult to maintain
uninterrupted funding; (5) enticing outstanding, senior colleagues from a variety of
disciplines to join our scientific team; (6) maintaining a small, focused and dedicated
team of researchers that spent much time in residence, interacting together at the Hubbard
Brook Experimental Forest; and (7) developing analytical procedures that were neither
changed nor replaced without first overlapping and comparing results from the “long-term
method” with those from a proposed new method.  This procedure helped to avoid
“artifacts” in the long-term data.  Any such changes were carefully documented.  

We believe that these management approaches to our science were central to the
successes we have had.  Additional detail on our operating and management philosophy
for the Hubbard Brook Ecosystem Study was given in the Prefaces to our first two
synthesis volumes:
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Our long-term research has greatly advanced the knowledge base needed for
developing policy and Federal legislation related to air pollution.  For example:

• Changes in emissions of sulfur dioxide, SO
2
, as a result of Federal legislation, are

strongly and linearly correlated with changes in sulfate concentrations in precipitation
and stream water at the Hubbard Brook Experimental Forest.  Thus, reducing emis-
sions of SO

2
will directly reduce inputs of acidifying sulfate.

• Eighteen years of continuing study were required to verify that the acidity of precipi-
tation had decreased at the Hubbard Brook Experimental Forest (Figure 6).  The acid-
ity of precipitation increased from about 90 µeq H+/liter in the mid 1960’s to about 55
µeq H+/liter in the late 1980’s.  However, current values are still about 8 times more
acid than if the precipitation were not polluted (about 5 µeq H+/liter).

Figure 5.  Annual sulfur dioxide (SO
2
) emissions vs. sulfate (SO

4
2-) concentrations in precipitation at the Hubbard

Brook Experimental Forest  (updated from Likens et al. 2001).  

Figure 6.  Long-term trends in hydrogen ions in precipitation at the Hubbard Brook Experimental Forest.
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• Nitric acid is increasing in importance in precipitation at the Hubbard Brook
Experimental Forest and is predicted to be the dominant acid in precipitation by 2010-
2015 without further controls on emissions of SO

2
and NO

x
.

• Calcium and other plant nutrients have been markedly depleted in the soils of the
Hubbard Brook Experimental Forest as a result of acid deposition.

— As much as one-half of the pool of exchangeable calcium in the soil has
been depleted during the past 50 years by acid deposition.  These losses
may be affecting the biological productivity of the ecosystem.

— As a result of these losses in soil buffering, the forest ecosystem is
currently more sensitive to acid deposition impacts than previously
thought.

The Hubbard Brook Experimental Forest is an important site for monitoring
atmospheric pollutants in the northeastern U.S. because of the long and high-quality
record of precipitation chemistry, its location “downwind” of major sources, and lack of
local, major sources of pollution.  

We have initiated a whole watershed manipulation to test experimentally some of
the long-term effects of acid deposition on the ecosystems at the Hubbard Brook Experimental
Forest.  A natural calcium silicate mineral (Wollastonite) was mined in the Adirondack
Mountains of New York State, pulverized, pelletized and then added to a watershed-
ecosystem at the Hubbard Brook Experimental Forest by helicopter in 1998.  An amount
of calcium estimated to have been depleted from the ecosystem during the past 50 years
was added in this manipulation.  It is planned to study the effect of this experimental
manipulation on stream and soil chemistry, tree growth, animal populations, microbial
activity and other aspects of ecosystem structure and function over the next 50 years!

Effects of Forest Disturbance, Such as Cutting, on Ecosystem Dynamics at the
Watershed Scale
Entire-watershed, experimental manipulations have been a powerful analytical tool of the
Hubbard Brook Ecosystem Study.  In the words of a colleague, W. Lewis, “Watershed
manipulation now is a standard part of the biogeochemist’s repertoire, but in the 1960s it
must have seemed radically intrusive and perhaps even a bit pushy. . .  (Experimental)
manipulation, as we now know, vastly accelerates the pace of discovery, and that was one
of the secrets of success for what became known as the Hubbard Brook Ecosystem
Study”.  The ability to do such large-scale, experimental manipulations on a long-term
basis, with adjacent watersheds for reference, indeed was one of the scientific joys and
successes of the Hubbard Brook Ecosystem Study.

We discovered that cutting the forest sets in motion an amazing array of changes in
ecosystem processes and interactions with concomitant changes in environmental conditions
(Figure 7).  Watershed 2 was deforested in 1965-66 Ð no trees were removed, and the
watershed was treated with herbicides during summers of 1966, 1967 and 1968.  As a result
of this experimental manipulation, microbially-dominated processes:  decomposition,
mineralization and nitrification, were accelerated; ecosystem processes governing the loss











values the important role that science can play in areas such as environmental issues. Through
the application of science, she continues to work towards protecting the society from the dan-
gers that arise from ignorance by shedding light on the nature and reasons for environmental
problems.
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Essay

Environmental Issues and Science:

Some Thoughts on Roles and Stages

Dr. Susan Solomon

“Believe one who has proved it.  Believe an expert.”   Virgil, in the Aeneid.
What is the role of science in environmental issues? Most people would readily agree

that presentation of the best possible technical information is the obvious answer. But how
does it preserve that status? How does it best communicate it to non-specialists?

Science can be the light of the world. In my opinion, it lights the world best when it is
framed in a broader context of the other diverse challenges and inputs to societal change.
What can reasonably be considered to be fact is one side of this. It is also important to consider
where facts begin to fade into the genuine role of opinion, and the non-scientific elements of
societal choices.  

Consider the application of this line of thinking to the issue of ozone depletion. The
depletion of the ozone layer over Antarctica and its chemical cause is now well-established
through numerous independent measurements. There is no debate about the time scale of the
gases that are responsible. The chlorofluorocarbons that cause the ozone hole live in the atmos-
phere for decades to centuries depending upon the species, so any effects that occur will last
for many years. The elements of scientific understanding progressed quickly in the case of
ozone depletion, from the initial ideas of the mid-1970s to the discovery of the Antarctic ozone
hole in the mid 1980s and demonstration of its cause within a few years. Technology was also
quick in the development of efficient and effective substitutes for nearly all applications, which
include refrigeration, air conditioning, and foam blowing among others.

It is clear that a reduced ozone layer leads to more ultraviolet light at the ground. There
are no significant winners from more ultraviolet light; rather there are risks to ecosystems, and
to human health. There are matters unrelated to physical science involved when the issue of
how large a risk to society or to ecosystems is acceptable or unacceptable is considered. But
there can be little debate that increased risk of skin cancer and cataracts are serious matters to
those who may end up contracting such health problems. Thus the potential impacts were also
easy to describe and readily understood by the public and policymakers alike.

A wise colleague has noted that there are three stages to any environmental issue:   cred-
ibility (is the change real? Can we prove why it is happening?); manageability (what are the
options for dealing, or not dealing, with the changes and what would be the outcomes?); and
finally accountability (have the options been effectively implemented, and are the desired out-
comes occurring). In the case of the depletion of the ozone layer, the credibility stage began in
the mid-1970s when the issue was first brought to global attention and it progressed rapidly,
particularly following the discovery and explanation of the unexpected Antarctic ozone hole.
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Between about 1985 and 1990 there was swift and convincing scientific demonstration of a
very large effect and its explanation.  

The manageability stage started in about the late 1970s, when international actions
began to consider phaseouts of chlorofluorocarbons, at least in some applications such as spray
cans. Substitutes first began to be used for the molecules responsible for the depletion.
Policies accelerated quickly following the success of the credibility stage in demonstrating
increasing clarity connecting observed changes to chlorofluorocarbons.  By the late 1990s,
agreements were in place globally, and production of the chlorofluorocarbons and halons that
cause ozone depletion had dropped dramatically.   But the ozone manageability stage involved
more than science. It also involved economics, public policy, values, and technology, all as ele-
ments in the mix of influences.  And in my own view, science lights the world best when it is
acknowledged that these aspects go beyond its purview. That’s not to say they are not impor-
tant or that they do not draw in part upon science, but they clearly also involve different con-
siderations to which science is an input but not the sole determinant. I would suggest that sci-
ence provides the best service to society and the best credibility for the scientific process when
these distinctions are clear.   

Each scientist involved in such issues has a challenge to consider in deciding upon the
way he or she will deal with the components of the problem that go beyond their expertise, and
in deciding which matters go beyond scientific evidence into the realm of values and personal
opinion. Some people ask if it’s difficult, or even if it is possible, to separate scientific evidence
from opinion. I don’t believe it is difficult at all for a good scientist to do this – in fact it is fun-
damental to what scientists do each and every day as they weigh what they can say from a care-
ful analysis of information, and separate that from what they wish were known. It is a funda-
mental aspect of the scientific process and the scientific ethic that has been a bedrock for
hundreds of years of research across every field of scientific endeavour. History holds innu-
merable demonstrations of how effectively this has functioned in the past. Today is no differ-
ent, nor are environmental issues different.

Now we’re mainly in the accountability stage for ozone, the stage of understanding
whether the chlorofluorocarbons are decaying as they should be due to reductions in produc-
tion of CFCs worldwide, and whether the ozone layer is hence recovering as it should.
Important progress has already been made, as observations worldwide have confirmed that the
abundances of many of the chemicals responsible for ozone depletion are declining. This stage
is not expected to progress to completion quite so swiftly, because the chemicals in question
will remain in our atmosphere for many decades as already noted. The rate of ozone depletion
has certainly slowed down, and it’s fair to say that the ozone layer has at least stabilized on
average. Perhaps it’s helpful to think of the analogy with a person having a disease that has
been making them progressively sicker and sicker each year. The first sign of progress is not
getting worse anymore, and the next is genuine improvement, a start on the path to recovery.
That step may be happening at certain altitudes and latitudes, and is probably just around the
corner for the global ozone layer.

Unlike many other environmental pollution issues, the chlorofluorocarbons that are
causing ozone depletion are often used in applications where they are intended to be largely
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So one factor that we as a global society are now wrestling with is how to balance our
scientific confidence in human effects upon how climate is changing or may change in the
future as well as the impacts of those changes with the fact that if any changes do happen
they're going to be with us for many decades – they will not be easily or quickly reversed, and
that's a key dimension in our changing view of environmental risk, which involves perspectives
as well as science. People take out individual health, fire, or flood insurance by considering the
magnitude and duration of consequences along with assessment of the magnitude of the risk.
Even if every risk could be well defined and quantified, different people are likely to have dif-
ferent perceptions of acceptable levels of risk – for themselves, for their children, and for
future generations. It is sometimes asserted that the climate change problem is terribly com-
plicated, and that poor communication with the public occurs as an inevitable result. But per-
haps the complication lies not with the science but with its role in the broader backdrop of
questions of risk and world views. As societies wrestle with the credibility and manageability
of the climate change issue, a key challenge for science is to illuminate the evidence and the
risks as clearly as possible, while recognizing that science is one input among several to a chal-
lenging set of policy questions.     
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lyzed the spectrum in wavelengths from about 400 to 450 nm (blue light) to search for the dis-
tinct fingerprints of absorption due to ozone, nitrogen dioxide, and chlorine dioxide, which
remove as little as a few percent or even a few tenths of one percent of the incoming light, mak-
ing detection a challenge (Mount et al., 1986; Solomon et al., 1987; see also Sanders et al.,
1993; Miller et al., 1999).   Like Syowa station, the American site at McMurdo where we did
our work is sometimes under the stratospheric polar vortex and sometimes outside it, so we
sampled both Antarctic and sub-Antarctic air.  We were able to arrive at McMurdo in late
August before the sun was above the horizon, and hence before substantial ozone loss begins
at that location.   One of the stunning experiences of my life in science was to witness the ozone
levels drop at McMurdo during September 1986. Ozone fell from about 300 Dobson Units
when we arrived in Antarctica in late August 1986 to under 200 Dobson Units by late
September, and the disappearance of a third of the total ozone supported the observations of
others regarding the veracity of the ozone hole and its seasonality.  The falling ozone was
accompanied by a spectacular enhancement in chlorine dioxide (Figure 3).   In late August and
September under cold conditions, chlorine dioxide was about 50-100 times greater than gas-
phase chemistry can explain, so this data pointed towards surface reactions involving chlorine
as the likely cause of the ozone hole. The nitrogen dioxide was in contrast extremely low, as
also expected from polar stratospheric cloud chemistry.   As temperatures rose, the chlorine
dioxide disappeared and the nitrogen dioxide increased, again as expected.   Thus the seasonal
behavior of both molecules supported the theory  of the key role of surface chemistry in per-
turbing the composition of the Antarctic stratosphere, leading to rapid ozone loss.
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2.4  First Measurements in the Arctic
Having seen that chlorine dioxide was greatly enhanced in Antarctica, my colleagues and I
went north to Thule, Greenland in January 1988 to search for enhanced chlorine chemistry
there.   Using the moon as the light source, we were able to see the first clear signs that chlo-
rine dioxide was also significantly enhanced in the north compared to gas-phase chemistry
(Solomon et al., 1988).   The levels of chlorine dioxide that we observed in Greenland that year
were not as large as in the Antarctic.  That might be generally expected since the Arctic stratos-
phere in winter is nearly always warmer than the Antarctic.   As in Antarctica, Arctic polar
ozone loss depends upon the overlap between chemical perturbations due to cold temperatures,
associated polar stratospheric clouds, and sunlight.    In recent years, substantial Arctic ozone
depletion has been observed in some especially cold years, but the depletion is not as large as
in the Antarctic.  A key factor in the difference is that Arctic temperatures nearly always warm
up in spring much earlier than in the Antarctic, limiting the overlap between sunlight and cold
temperatures and cutting off the ozone depletion. 

3.  New Phases in Understanding Surfaces:  Liquid Particles and Volcanoes
At the time of discovery of the ozone hole, it was thought that polar stratospheric clouds were
composed entirely of solid particles, mainly water ice.   But in addition to the solid phase, we
now know that the liquid phase is also important to stratospheric chemistry, and the solid and
liquid particles of the stratosphere contain additional chemical species besides water.  Indeed,
polar stratospheric cloud surfaces can even be composed of supercooled liquids.  Liquid sul-
furic acid and water particles, and nitric acid hydrates and solutions are part of the family of
varieties of surfaces that contribute to polar stratospheric clouds.  All of these surfaces are now
known to drive much of the same surface chemistry, and this has relaxed the threshold for
enhanced ozone loss related to surface chemistry from a picture in which temperatures had to
be extremely cold (to allow water ice to form) to a far more widespread phenomenon affect-
ing latitudes outside the polar regions.  A key factor is the availability of water in and on the
surfaces, which affects their reactivity (Hanson et al., 1994; Solomon, 1999).  These consid-
erations also appear to have important effects on the interannual variability of polar ozone
depletion, as I will now describe.

By the late 1980s, several scientists began to conduct laboratory studies to examine
whether some of the surface chemistry that takes place on solid polar stratospheric clouds
might also occur on the liquid surfaces that are known to be present throughout much of the
lower stratosphere.  These are composed mainly of sulfuric acid and water.  Further, their
abundances can be greatly enhanced after explosive volcanic eruptions, which can deposit
large amounts of sulfur dioxide at stratospheric altitudes.  The sulfur dioxide oxidizes to form
sulfuric acid, which in turn increases stratospheric particle sizes and surface area.  My col-
leagues and I have made several contributions to the understanding of liquid phase chemistry
in the stratosphere, particularly regarding the role of volcanic effects.

Laboratory studies by multiple groups have shown that the surface reaction between
HCl and ClONO

2
that is so important on solid polar stratospheric clouds can also occur on liq-

uid surfaces, albeit with a rate that is a strong function of temperature.    Other important sur-
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face chemistry can also occur on liquid surfaces (such as the hydrolysis of N
2
O

5
and BrONO

2
)

and these also enhance ozone depletion.  
With several colleagues, I conducted a number of modeling studies of this new liquid

phase chemistry.  We first showed that such reactions probably played a significant role in dri-
ving mid-latitude ozone loss after the eruption of the Mexican volcano El Chichon in the early
1980s (Hofmann and Solomon, 1989), thereby influencing the early detection of changes in
northern hemisphere mid-latitude ozone due to manmade chlorine. While the discovery and
explanation of the Antarctic ozone hole was important to policy deliberations, the identifica-
tion and explanation of ozone loss at mid-latitudes probably helped inspire further action by
policymakers to reduce emissions of CFCs.  At that time, the future amount of CFCs was pro-
jected to continue to increase in the atmosphere, and we postulated that more ozone loss could
occur if a large eruption were to occur in the presence of these increased levels of chlorine.  The
eruption of Mt. Pinatubo in the Philippines in 1991 provided a test.  Observations revealed
widespread mid-latitude ozone loss after the eruption of Pinatubo in the northern hemisphere.
However, there was no obvious southern mid-latitude ozone loss at that time, an observation
that stands today as a key challenge to present understanding.  Nevertheless, observations of
nitrogen dioxide, chlorine monoxide, and other chemicals in both hemispheres do support the
view that important ozone-destroying surface reactions indeed occur on liquid surfaces in the
mid-latitude stratosphere following major volcanic eruptions.

My colleagues and I argued that volcanic surfaces can also be important in polar
regions, because there too they can enhance the amount of surface area available to drive the
chemistry, making the polar stratospheric clouds even more abundant and effective (Solomon
et al., 1993; Portmann et al., 1996).  We suggested that reactions on volcanic surfaces might
have played a very important role in the onset of observable Antarctic ozone loss in the early
1980s, after the eruption of the Mexican volcano El Chichon.  We also argued for larger deple-
tions following Pinatubo in the early 1990s, and in the Arctic (Solomon et al., 1996; Solomon
et al., 1998).     Figure 5 shows our calculations of how the combined effects of increasing chlo-
rine and modulation of polar stratospheric clouds by volcanic activity probably affected the
Antarctic ozone record, enhancing the depletion after the two major eruptions in the early
1980s and early 1990s compared to what likely would have occurred if no volcanoes had
erupted. 

Figure 5 suggests that the lives of many scientists, and the evolution of international pol-
icy, could have been quite different without the eruption of El Chichon in the early 1980s:  it
likely would have taken several more years before the effects of chlorine would have been
large enough to produce a clearly detectable ozone hole without the enhancements due to the
volcanic aerosols.  But as we contemplate the ways in which human-produced chlorine is
influenced by temperature and by volcanoes, it is helpful to underscore that there was no mea-
surable ozone depletion after earlier eruptions such as that of Mt. Agung in 1966 or Mt. Fuego
in 1974.   Cold temperatures, solid polar stratospheric clouds, and liquid volcanic particles are
all factors that modulate the ozone depletion, but the fundamental cause of the loss is the large
increase in ozone-destroying chlorine and bromine caused by human use of chlorofluorocar-
bons and, to a lesser extent, bromocarbons.
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measures that countries around the world should immediately implement toward sustainable
development.

The report became the impetus behind organizing the Earth Summit, or the United
Nations Conference on Environment and Development in Rio de Janeiro in 1992. At this
Summit, Agenda 21, a resolution to implement specific measures to attain sustainable devel-
opment, was adopted.

Dr. Brundtland's leadership in the areas of public health, environment, and development
has been highly acclaimed throughout the world, and in 1998 she was elected to the position
of Director-General of the World Health Organization (WHO), becoming the first woman to
take the post.

Her numerous accomplishments at the WHO include establishing a support system to
enable citizens of impoverished countries to obtain medicine, advancing the eradication of
polio at a global level, leading the efforts to curb tobacco consumption through the adoption
of the Framework Convention on Tobacco Control, and creating bold new models to respond
to global scale infectious diseases partly triggered by environmental changes such as SARS,
malaria and HIV.

Dr. Brundtland, who is a mother of four children, credits her accomplishments to her
upbringing and the dedicated support of her husband. Recently, she reflected upon her foot-
steps through an autobiography titled Madame Prime Minister.
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tionship among people, resources, environment and development, and;
- Propose long-term strategies to achieve sustainable development, combining global
economic and social progress with respect for natural systems and environmental
quality.

Indeed our commission grew out of awareness that over the course of the last century,
the relationship between the human world and the planet that sustains it had undergone pro-
found change.

When the century began neither human number nor technology had the power radically
to alter planetary system. As the century was closing not only vastly increased human numbers
and their activities had that power, but also major unintended changes were occurring in the
atmosphere, in soils, in waters, among plants and animals, and in the relationships among all
of these. The rate of change was outstripping the ability of scientific disciplines to assess and
advise. It was frustrating the attempt of political and economic institutions, which evolved in
a different and fragmented world, to adapt and cope. And it deeply worried many ordinary peo-
ple who were seeking ways to place their concerns on the political agenda.

It was already abundantly clear that the international community was unable to deal
effectively with the vital issues confronting us. Throughout the 1970s, the United Nations had
dealt with important areas such as population, housing, safe water, and new and renewable
energy sources by holding major conferences. This offered hope, but all in all the United
Nations system was too weak and fragmented to deal with human needs in an integrated way.

The World Commission on Environment and Development was fortunate to be able to
build on the reports of the Brandt Commission and the Palme Commission, on which I had
been a member. It was clear to me that after BrandtÕs ÒCommon CrisisÓ and PalmeÕs
ÒCommon Security,Ó ÒOur Common FutureÓ would have to be the next step in a major effort
to persuade countries to return to multilateralism in an integrated effort to address peace, envi-
ronment and development.

In the early 1970s, the Club of Rome had presented for the first time how limited
resources could set limits to growth.  The ecological movement and many scientists had since
the late sixties become increasingly aware of how we were approaching limits to the burdens
that we could load upon NatureÕs capacity to absorb the effects of human activities. The
Stockholm Conference in 1972 was the first major international effort to address these new
threats.

The increasing knowledge, which we acquired throughout the 1970s, was new to our
generation. Never before in human history had we had the capacity to destroy the environment
and to reduce the options for future generations. Our generation was the first which had to be
cognizant of its responsibility for the environment, also on behalf of generations yet unborn.

The South was skeptical of the new environmental awareness of the North, seeing it as
a threat to their development ambitions. The North had been developing for decades without
showing much concern for environmental degradation and destruction. The developing coun-
tries were facing completely different challenges. They were caught in a downward spiral of
increasing poverty, crushing debt burdens, deteriorating terms of trade and inadequate access
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to world markets. They felt unable to afford the apparent luxury of protecting their own
resource base.

Analysis and Recommendations
Our report, ÒOur Common Future,Ó played its maybe most important role in clearly establish-
ing the link between environment and development. These were formerly viewed as separate
issues, dealt with by different institutions internationally and different ministries at the national
level.

Many in the past have assumed that the goals of environmental protection and eco-
nomic development are incompatible, and that the interests of industrialized nations are in con-
flict with the needs of Third World countries. Our report proved those assumptions wrong. In
short, neither environmental protection nor economic development is sustainable without
proper attention to both.

Instead, we called for a new era of economic growth, one that must be based on policies
that sustain and expand the environmental resource base. We formulated a positive message,
one built on greater insight, collaboration and shared responsibilities. 

The World Commission managed to forge the basis for a global consensus because we
made it explicit that it was only by solving social and economic problems that we could have
hope of solving the threats to the environment.  We firmly believed that we could not protect
the global environment without establishing a more just international economic order, nor pro-
vide the basis for a more just and equitable future for all if global trends that threaten the
resources base were allowed to continue.

We developed the concept of sustainable development, which means that we must meet
the needs of the present generation without compromising the ability of future generations to
meet their needs. 

Sustainable development is a political concept for human social, economic and envi-
ronmental progress. It will require a new era of international cooperation and greater partici-
pation by people themselves. They must become more actively involved in political life so that
they can have a say in decisions of importance to their own lives and futures. Thus, democracy,
human rights as well as practical solidarity had to become the basis of all effective policies for
environment and development.

Our analysis led to the call for a strengthening of international cooperation. Only by
working together, not against each other, can we have a vision of a better-managed world, bet-
ter governance, and global adherence to the fundamental principles of democracy, and to the
principle that economic and social development must be sustainable. Peace, democracy, envi-
ronment and development. These would have to be the core issues of our common agenda for
the 21st century.

No less than in 1987 we must now fully recognize how interdependent we all have
become. We pointed to some disturbing trends. World population projections indicated a dou-
bling of our numbers some time in this century. That increase will take place in developing
countries, and unless corrective action is taken this will aggravate the vicious circle of poverty
and environmental degradation in which they already are caught. Combined with unsustain-
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able patterns of production and consumption, especially in the North, these trends will place
intolerable strains on finite natural resources.

In the North we must also recognize that nobody, not even the richest of us, can hide
from these global trends. There will be no sanctuaries where some people can escape the harsh
realities. We would all suffer from the radiation if the ozone layer would be further damaged.
Climate change can cause drought, floods, and disruption of agricultural patterns both in the
North and in the South.

Hundreds of millions of people are living in areas that will be affected by rise of the sea
level. Toxic substances are traveling with winds and currents, and everybody has to breathe.
Pollutants originating in the Temperate Zone are already to be found in the food chain in the
Arctic. Clearly we need fundamental changes in the way we use the EarthÕs crust, the way we
develop and use energy and in the way we distribute the benefits of economic growth.

Our security also depends at least as much on economic wellbeing, social justice and
ecological stability as it does on military threats. Throughout human history, struggles over
access to and control over natural resources have been one of the root causes of tension and
armed conflict. We risk a proliferation of such disputes if the rapid deterioration of environ-
mental quality is allowed to continue.

Our future depends on our collective ability to change. We must address issues in a pre-
cautionary, integrated manner, and we must deal decisively with all the underlying causes of
human conflict and distress.

Above all: Poverty
Above all we must be uncompromising in our determination to eradicate poverty. Poverty is a
major cause of environmental degradation in the Third World. Poor people will concentrate on
their daily survival. They will be forced to cut down trees, overgraze pastures and overuse
farmland in order to stay alive.  Poor countries, too, will have to overexploit their natural
resources in order to produce the export goods needed to pay for necessary import. When
prices go down, they will have to produce more and more basic commodities and extract more
and more of their natural resources to pay for goods that they do not produce themselves. This
illustrates the great importance of improved rules for global trade. 

As we look at the situation in 2004, we must once again conclude: There is no simple
solution. Overlooking our growing global interdependence will not be a choice.

Poverty is in itself intolerable and cannot be reconciled with human dignity. We need to
oppose any tendency to ignore the fundamental challenges of the continuing North-South
divide. Otherwise the very future of our planet is in danger.

Building Consensus
During my leadership role on the Commission on Environment and Development we faced
deep political, cultural and religious divides in a number of areas. It applied to different issues
such as the safety of nuclear energy. But the most difficult one to overcome was linked to our
analysis and recommendations in the field of population, population pressure and human
rights, and their links to poverty, environment and development.  The fact that in the end we
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Lecture

Sea Water is Deficient in Nitrogen, Phosphorus and Iron

Dr. Gordon Hisashi Sato

The Manzanar Project, Ministry of Fisheries, State of Eritrea, Massawa, Eritrea

My scientific career was spent predominantly on laboratory research in cell biology.  My goal
was to gain knowledge of whole animal physiology by studying the basic elements of the
body (the cell) in isolation under defined, controllable conditions which might be achievable
in tissue culture. The trouble with this simple minded concept, in 1957, when I began work on
tissue culture, was that cells in culture did not display the differentiated properties of the tis-
sue of origin.  Apparently cells in culture were different from cells in the animal. It was gen-
erally believed that cells in culture underwent ÒdedifferentiationÓ to become a common tissue
culture type cell.  In the only experiment to address this issue, we showed that when liver tis-
sue is put into culture, the small amount of fibroblasts in the tissue selectively grow, and the
liver parenchyma die1.  The problem with lack of tissue specific properties in culture was
selection not Òdedifferentiation.Ó The next step was to develop enrichment culture techniques
to favor tissue specific cells over fibroblasts2.  This resulted in a number of tissue cultures
which retained differentiated properties, and the ÒdedifferentionÓ hypothesis, virtually unno-
ticed,  died a quiet death3 The next step was to devise defined, controllable conditions in cul-
ture. Traditionally, tissue culture media consisted of a nutrient solution of defined composition
supplemented with serum.  I was led to believe that the serum could be replaced by hormones
because cell growth in the animal is stimulated by hormones4.  Izumi Hayashi and I devised a
system of nutrient medium supplemented with a complex of hormones that was different for
each cell type5.  This eliminated fibroblastic over growth in primary cultures, and made it pos-
sible to culture cell types never before successfully grown in culture.  This method allows one
to discover hormone responses by different cell types discoverable in no other way, and I pro-
posed that  this catalogues the vulnerability of cancer cells and opens up a general approach to
cancer therapy6.  A case in point, we developed a monoclonal antibody to EGF receptor7.  I was
led to try this approach from the knowledge of the existence of LATS, long acting thyroid stim-
ulator, an antibody to the TSH receptor, which mimics the action of TSH.  The antibody to the
EGF receptor has proven to be an effective anti cancer agent and is a harbinger of future anti
cancer agents8.  I believe that my long experience with laboratory, experimental research
enabled me to approach applied, field research differently from established workers in the
field.

Let me now define the problem that has occupied me for the last twenty years. Hunger
and poverty is one of the problems that the human race must solve before it reaches a cata-
strophic, irreversible state. Eritrea is one of the poorest nations in the world with a per capita
gross domestic product of approximately 50 USD per year.  Its conventional agriculture in its
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highlands is insufficient to feed the nation because of frequent and unpredictable droughts. In
periods of drought Eritrea would suffer widespread famine were it not for international food
aid.  How could we produce food and a profitable, sustainable agriculture under such condi-
tions?  On its desert shores on the Red sea, I noticed patches of mangrove trees, and watched
camels eating the foliage.  Could this be a possible solution?   But first we had to consider the
conditions that limit the growth of mangroves.   Sea water is deficient in nitrogen, phosphorus,
and iron, elements that are required by all living creatures including plants, animals and micro-
organisms.  While this fact has been generally known, it has been ignored by those who are
concerned about the productivity of the sea and the inter tidal areas.  I will try to show how
attention to this fact can help alleviate poverty and hunger by making the marine environment
more productive.Sea water contains all the elements in sufficient quantity that are essential for
life except for nitrogen, phosphorus and iron.  So in the following discussion of the  importance
of nitrogen, phosphorus, and iron, the term fertilizer will refer to these three elements.  At the
bottom of the food chain in the ocean are microscopic algae.  They grow near the ocean sur-
face where they are exposed to sunlight and capture the fertilizer.  They sink to the bottom and
die from lack of light and the fertilizer is trapped.  If upwelling currents bring up the fertilizer,
the sea is rich in fish.  In the arctic and antarctic, water freezes and the saltier and heavier
unfrozen water sinks and stirs up the bottom.  The polar regions are rich in fish life.  Seas are
rich in fish where rivers enter the sea because the fresh water is bringing fertilizer from land.
The Red sea has neither upwelling currents nor rivers.  Consequently it is poor in fish life.

Eritrea has approximately 1,500  kilometers of desert sea coast along the Red Sea
(counting islands).  Mangroves grow in only about 15% of the coastal inter tidal zone, and
where they grow they form a narrow fringe, usually no more than 100 meters wide.  We
observed that mangroves typically occur in areas called ÒmersasÓ where the seasonal rains are
channeled to enter the sea each year. The conventional explanation is that fresh water per se is
required9.  This explanation is untenable because the amount of fresh water and the duration
of flow are too short to affect salinity to any extent.  Our explanation, which is a radical depar-
ture from conventional belief, is  that the fresh water is bringing nitrogen, phosphorus, and iron
from land, and the fringes are no more than 100 meters wide because the fresh water may not
be able to carry these minerals in sufficient quantity more than 100 meters from the high tide
line.  We predicted that the treeless, inter tidal areas of Eritrea, which occupy 85% of the coast,
could be successfully planted with mangroves if nitrogen, phosphorus, and iron were pro-
vided, and that the mangrove fringes could be widened if the trees were provided with these
elements.

Both of these predictions have proven true.  Methods were developed to deliver fertil-
izer at a controlled rate that greatly reduces the possibility of runoff.  Experiments were car-
ried out to find ways of rendering mangrove foliage and seeds a complete food for livestock.

Materials and Methods
We use predominately the mangrove, Avicennia marina, and to a much lesser extent
Rhizophora mucronata.  Both plants are indigenous to the area.  Rhizophora are almost extinct
in Eritrea because of their value as construction timber.  Our plantings will contribute to its
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preservation.  Avicennia seeds are planted in their final site by placing them in a tin can cylin-
der constructed by removing the top and bottom of the tin can.  The can is embedded in the soil
with a centimeter or so above the ground and is held in place with an iron rod.  The top of the
can is covered with a wire mesh to prevent the seeds from being washed away by wave action.
Planting seeds in the final site saves considerably in time and effort by avoiding the necessity
of transplantation.  To prevent encircling wrasse and wave action from uprooting young
seedlings, we build concrete blocks with upwardly protruding iron rods.  The dimensions of
the blocks are 1 meter long, about 25 centimeters high and about 5 centimeters wide with the
protruding iron rods about 60 centimeters above the blocks.  A continuous wall of blocks is
placed sea ward of the area of planting.  The iron rods prevent wrasse from entering the plant-
ing area, and the concrete blocks allow the buildup of low lying soil so that adequate drainage
can allow air to get to the roots.  This allows the extension of the usable planting area.

Our method of providing a slow release fertilizer to trees growing in an area continually
awash in sea water is to place 500 gms of a 3:1 mixture of urea and diammonium phosphate
in a polyethylene bag, tie the bag so it is sealed shut, and puncture one surface three times with
a 0.2 cm diameter nail.  The bag is buried next to the tree with its upper surface and the nail
hole punctures about 10.0 cm below the soil surface.  This arrangement allows the fertilizer to
exit the bag by slow diffusion - fast enough to nourish the tree but slow enough not to be
wasteful. By digging up bags after various times, we estimated that the bags deliver all their
fertilizer in about three years. From the density of planting, 5000 trees per hectare, we estimate
that the fertilizer is delivered at a rate of about one ton per hectare per year.  This is approxi-
mately the desired rate.  The desired rate is calculated as follows: a hectare of Avicennia drops
about 10 tons of litter per year which is about 19% protein, or two tons of protein.  We assume
that the trees synthesize three tons of protein per hectare per year.  To synthesize three tons of
protein requires about one ton of fertilizer.  

A barbed wire fence is erected around the trees and guards are employed to prevent
camels from destroying the trees.  

To measure possible fertilizer runoff, water was collected a few meters offshore from
our plantings and from a natural mangrove forest  about a half hour before the tide reached its
lowest level.  The water was analysed for nitrogen and phosphorus content by the analytical
laboratory of the Ministry of Fisheries by the method of Parsons et al10. 

Avicennia seeds are soaked in sea water for three days to remove the cover and facili-
tate drying.  They are then placed in the sun to dry resulting in a grain-like material that is
avidly eaten by animals up to a year after drying.

Results         
Figure 1 shows a planting that is about 1 year old.  No trees grew in this area before we planted
it.  Before we realized the need for fertilizer, over a hundred trees were planted in this area and
all died.  After the need for fertilizer was understood, virtually all trees grew successfully with
our method of fertilization.  

Figure 2 shows the same area about two years later.  Growth is rapid.
Table 1 shows the measurement of nitrogen and phosphorus offshore from our planti-
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Figure 5.  Fish wastes being sun dried after brief boiling.

Figure 6.  Sheep eating mangrove foliage.
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Figure 7.  Camel lusting after mangrove trees.

Figure 8.  Mangrove grove in village of Hargigo.
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Figure 11.  Passengers from Japanese Peace Boat visiting the work site in Hargigo.

Table 1.  Analysis of fertilizer content of seawater offshore from our plantings, offshore from a natural mangrove
forest, and from the open sea.

Nitrogen content Inorganic phosphate

Area A in Hargigo with Not detectable .04 mg/liter3 tons of fertilizer per hectare

Area B in Hargigo with Not detectable .03 mg/liter3 tons of fertilizer per hectare

Natural mangrove forest .02 mg NH3/liter .04 mg/liter
unfertilized .01 mg NO3/liter

Water from open sea not detectable .06 mg/liter
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Essay

A Call to Plant Trees

Dr. Akira Miyawaki

The Rise and Fall of the Forest and Human Civilization
Today, we live in an era marked by the greatest scientific and technological advances ever seen
in the 6,000-year history of human civilization. Differences remain between the North and the
South. Nonetheless, every industry has progressed, and we enjoy more material wealth than
our ancestors could have ever imagined. To satisfy mounting desires, however, we fell forests
and mountains, overwhelm oceans and rivers with landfill, create new industrial sites, and
scramble to build more cities.

Before long, more and more greenery began disappearing from our environment. In par-
ticular, the “native forests by native trees,” the indigenous forests with 30 times the greenery
in surface area of single-layered lawns, are disappearing without a trace. Living greenery is the
only producer in the ecosystem, and is fundamental to the existence of all life forms on Earth
including humankind. With the destruction of nature and the spread of environmental conta-
mination, however, people—from scientists, corporations, and politicians to housewives and
children—have finally begun to contemplate the gravity of environmental problems.

Environmental problems are occurring not only within large-scale natural development
and the realm of physics and chemistry, but also within new industries that contend with life
forms, such as agroforestry. They also accompany urbanization and the development of trans-
portation infrastructure.

Environmental problems encompass an extremely wide range of issues. Some, like
typhoons, earthquakes, fires, floods, and tsunami, seem like nature’s retribution, triggered by
her fury. Other problems include the environmental destruction wrought by natural develop-
ment, water and atmospheric pollution caused by factory emissions of chemical substances,
and global warming caused by increased carbon dioxide emissions. Various measures are
being put into place to contend with each of the problems, incorporating the latest science and
technology; nevertheless, these solutions are implemented on a case-by-case basis. Although
conferences do take place to deal with such issues, as environmental problems range so widely,
the essence of environmental concerns gets lost in political and other agendas.

To protect the environment is to protect life. Human beings today behave as though they
own the universe. The fact is they only appeared in the last interlude of the history of life on
earth spanning some three billion years. Human beings have barely achieved a life span of less
than 100 years. Primitive forms of life were created on Earth three billion years ago. Since
then, our DNA, the thin thread of our genes, has somehow continued until the present in an
unbroken chain, bringing us to our existence today.

What is it that those of us who live today can leave for the future? It cannot merely be
material luxuries or money. What we can pass down is the thin but irreplaceable thread of our
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genes, the genes that have been passed down from three billion years ago until the present day.
These are the genes that belong to you, your loved ones, and your neighbors, which is the one
thing we can carry into the future. We live today as milestones for the future.

The most fundamental factor in protecting those genes is living greenery. In particular,
the “native forest by native trees,” the concentration of three-dimensional native greenery, is
the basis that guarantees the passage of our life, intelligence, sensibility, and, most impor-
tantly, our genes into the future. In reality, however, much of the three largest rain forests, long
regarded as natural forests, have also been felled and devastated. Forests in most areas where
people have built civilizations, beginning in ancient times, from the Mediterranean to India to
China, have been completely destroyed from practices such as the overgrazing of livestock.
Environmental destruction has also advanced in North and South America, as well as in
Australia, known as the new world. Indigenous forests are without a doubt vanishing on a
global scale.

Global Warming and the Forest
There have been voluminous research and assessment across the world into global warming
caused by increased carbon dioxide emissions, with projections made into the future.

Fossil fuels, like petroleum, coal, and natural gas, contain carbon, the principal culprit
for global warming. Fossil fuels were produced as a result of the underground carbonization
of organisms, largely plants, from approximately 300 million years ago. Life forms were in the
midst of evolution. There were no broad-leaved plants like there are today; plants had only
evolved to ferns. In a climate likely to have been favorable with high temperatures and humid-
ity, however, tree ferns grew dense, forming large forests. Through photosynthesis, these
forests absorbed the carbon in the atmosphere and solidified. Subsequently, shifts in the cli-
mate and in the Earth’s crust buried them underground. Underwater mechanisms have yet to
be fully elucidated, but conventional thinking states that until recently the balance of material
circulation on Earth had been maintained in the space between the atmosphere, the geosphere,
including the hydrosphere, and the biosphere, the thin layer on Earth where all life forms exist.

With the onset of the Industrial Revolution at the end of the 18th century, the develop-
ment of new industries like heavy manufacturing, fossil fuels that had been buried and locked
underground were drawn above ground and burned. Burning fossil fuels creates a chemical
reaction whereby the carbon combines with the oxygen in the atmosphere, producing carbon
dioxide. The amount of atmospheric carbon dioxide became unquestionably greater the more
fossil fuels people burned, which advanced global warming.

Energy conservation has been advocated as a countermeasure to global warming.
People around the world are raising their voices to advocate specific measures like curbing
manufacturing or excess consumption, decreasing electricity consumption, and driving as lit-
tle as possible. Such vital measures have been put into place throughout the world; unfortu-
nately, however, no matter how much they conserve, people of today will be unable to com-
pletely stop using electricity or eliminate the use of machines, cars, and air conditioners. Even
if countries fully exert their efforts to curb carbon dioxide emissions as determined at the
Kyoto Conference, as long as they continue to maintain their current economies, industries,



and urban lifestyles, energy conservation measures will remain insufficient. Further, there is an
end to the availability of fossil fuels, which can be said is the current basis for modern civi-
lization. Estimates project fossil fuel reserves to run out in several decades; no matter how
much people conserve, the reserves will not last another 100 years. In addition to hydraulic and
nuclear power, and the use of natural sources of power such as solar energy, research in
nuclear fission, has been advanced and its results are highly anticipated. However, these
sources of power are still insufficient for immediate use. So what options are available?

The alternative I will describe may seem unspectacular and rather unrefined at first, and
some may think it will not have an immediate effect. Having said that, I believe that creating
indigenous and real forests, and covering as much of the land as possible with forests, is the
most certain and effective measure to reduce carbon dioxide. Real forests form multilayered
communities, of tall trees, semi-tall trees, short trees, and bottom weeds. Thus, they have 30
times the surface area of greenery for photosynthesis compared to such single-layered com-
munities as moors and lawns. As such, real forests should also have 30 times the ability to pre-
serve the local environment and to mitigate impact, in terms of noise insulation, dust filtration,
air purification, and maintaining water quality. Moreover, the primary trees of real forests have
deep and axial roots, making them more resistant to falling, and contributing towards disaster
prevention.

Plants absorb the carbon in the atmosphere through photosynthesis, turning into hydro-
carbon and lignin and forming trunks, branches, and leaves. By following such methods to cre-
ate a forest—in which small potted seedlings of the primary trees of the area’s potential nat-
ural vegetation are planted—increasing amounts of carbon are absorbed and solidified as the
seedling grows into a mature tree. For example, if a seedling with a dry weight of 300–500
grams grows into a tree, 10–20 meters in height or even taller, with a dry weight of one ton,
then 50 percent, or at least 40 percent  of its weight is carbon. This suggests that the tree
absorbed and solidified that much carbon from the air. Further, the semi-tall trees, short trees
and the bottom weeds would also grow as the forest develops, increasing the amount of car-
bon that is absorbed.

Theorists ridicule such efforts. They say that for a small number of people to plant trees
for carbon dioxide reduction represents only a drop in the bucket. But in 30 years, we have cre-
ated forests alongside residential communities in more than 1,300 locations in Japan, with the
number rising to 1,500 when we include overseas locations like Borneo, the Amazon, China,
and Inner Mongolia—planting more than 30 million seedlings. Environmentalist Wangari
Maathai of Kenya, winner of the 2004 Nobel Peace Prize, has also planted 30 million trees.

When I first met Ms. Maathai, I promised her I would cooperate with her in creating
real, indigenous forests in Kenya. After conducting two rounds of field surveys of the local
vegetation, we had our first tree-planting ceremony in November 2006 and planted seedlings
of indigenous primary trees, with the support of organizations like Mitsubishi Corporation. At
the time, Ms. Maathai spoke about her proposal to the United Nations to plant one billion trees
around the world in 2007. It may not have an enormous impact for one or two people to plant
trees, but what would happen if people around the world planted 10 trees wherever they could?
What would happen if they planted another 30 trees?
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mass is limited and the population is concentrated, forests should be created not only in moun-
tain areas but also in the metropolitan areas as urban forests. They should also be planted in res-
idential areas.

In the Japanese written language, the pictograph for “forest” is symbolized by three
trees, while the pictograph for “dense forest” is represented by five trees. As this implies, the
first step is to plant a tree. If a problem arises, then a solution should be considered. Debates
and conferences are also necessary, but actions should first be implemented. Even if it is a
small number, plant indigenous forests—those that absorb and solidify carbon; have the capa-
bilities to prevent disasters and preserve the environment; enhance the knowledge and aware-
ness of all citizens; and function as reservoirs of potential energy for new activity. It is essen-
tial to implement measures to counter the source of environmental contamination on the one
hand, and, at the same time, aggressively plant trees to create a green environment brimming
with life.

Recently, there has been a trend toward planting trees as a societal contribution, perhaps
as a result of society gaining some breathing room. They say it is to bring back the insects and
the wild birds, and to restore our natural habitat. There is no question that this is important. But
regardless of the scientific and technological advancements that we achieve, I would like for
people to recognize the cold, harsh reality that we only sustain our lives by being parasites to
green plants. Restoring and regenerating real forests, the native forests by native trees with the
greatest concentration of greenery—our hosts—is of utmost importance. Recreating forests is
not merely for wild birds, or for other people. It is for you yourself to survive into the future in
good health, and to ensure the future of the blue planet that is rich in biodiversity, where all
types of life forms can coexist.

Real forests created based on the research of potential natural vegetation should, as a
forest system, last more than 10,000 years even if individual trees replace one another. They
should continue to exist provided there are no catastrophic circumstances or human-inflicted
destruction. The next ice age is predicted to arrive in 10,000 years. Let each one of us take an
active step to plant trees to create this forest of life, starting with the ground we stand on—for
ourselves, for our loved ones, for our many neighbors, and to protect this beautiful blue planet.

In the last 60 years, I have conducted field surveys in 38 countries around the world, and
planted 30 million trees in the last 30 or so years. The main participants of forest creation are
citizens. It is the local citizens of all ages who plant trees, with sweat on their brow and hands
in the earth. The trees are planted densely with different species mixed together. The citizens’
efforts are overseen by governments, corporations, and all types of organizations, and are
based on the results of local field surveys of vegetation science, in accordance with the laws of
the natural forest. It is not necessary to plant large trees but to plant potted seedlings with well-
developed roots of many different species of trees. Focus the planting on primary trees indige-
nous to the location; they will have the strength to grow into large trees. Anybody who is seri-
ous about this endeavor can start anywhere, at any time.

I am only 78 years old. From a biological standpoint, humankind should live for around
110 years. My dream, as the first Japanese recipient of the Blue Planet Prize, an award
acclaimed highly both domestically and abroad, is to continue planting trees for another 30
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day and no one will have anything to do with you. But if you are determined to risk everything
on this, then you should certainly go ahead and do it.” I am an extremely earthy individual, and
I have spent nearly 60 years since then single-mindedly tramping the field.

Weeds grow quickly, and so surveys of weeds need to be carried out in each of the four
seasons. Four times a year I would spend 60 days—a total of 240 days—surveying groups of
weeds from Kagoshima in the south to Otoineppu on the island of Hokkaido in the north,
sleeping on night trains as I traveled the country. Otoineppu was then the most northerly region
of Japan where rice was cultivated. When I graduated from Hiroshima University of Literature
and Science, plant physiologist Prof. Yasona Fukuda told me that I needed to study some more
and he took me to Tokyo. There I entered the morphology laboratory of Prof. Ken Ogura, part
of the graduate school of the old University of Tokyo. I was never very keen on using a micro-
scope, but when I was given a task I put everything into coming to grips with it. I entered the
University of Tokyo laboratory in April, and in May I was appointed to the position of assis-
tant at Yokohama National University. For the next six years I spent three days a week at the
morphology laboratory of the University of Tokyo, and the other three days teaching at
Yokohama National University as an assistant under Prof. Masao Kitagawa, devoting myself
to research into weeds. I also wrote two theses in English and one in German, which brought
together the research I carried out under Prof. Ogura into morphological and ecological vari-
ations in the roots of weeds in relation to differences in the amount of moisture.

Just as Prof. Horikawa had predicted, Japanese scholars did not want anything to do
with me. However, one day an airmail letter arrived. Apparently, my work had caught the eye
of Prof. Dr. Drs. mult. Reinhold Tüxen, who was then director of the Federal Institute for
Vegetation Mapping in Germany. “Weeds are at the point where human activity meets natural
vegetation, and are extremely important,” he wrote. “I am also working in this area; by all
means come and join me.” This was in the days when an air ticket to Germany cost 450,000
yen. The salary for an assistant at Yokohama National University was then 9,000 yen a month,
while a professor made 20,000 yen a month; going to Germany seemed almost impossible. I
was fortunate, though, to receive assistance from the German government and the Humboldt
Foundation, and it was arranged for me to study in Germany for nearly two years from the end
of September 1958. Professor Tüxen turned out to be the most important teacher I have had.

Vegetation Science and Phytosociology Learned in the Field
I was to study at a vegetation-mapping laboratory in Stolzenau, a small town in Germany
where the laboratory was evacuated with a population of 5,000 people. I remember that in late
September the bitter winter winds were already blowing in northwest Germany, and it was
unpleasantly cold. Right from the day after I arrived, I was taken out every day to carry out
field surveys, and I spent the nights drawing up a comparative study of the data the laboratory
had on weeds from around the world and the data I had collected in Japan. 

I began to wonder if it was really worth spending every day out in the harsh conditions
of freezing wind mixed with drizzle just making field surveys of plants and soil profiles, and
so after about a month I rather timidly asked Professor Tüxen if I could perhaps do some
slightly more scientific research. Professor Tüxen was a grave, imposing figure, like the last of
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the great Teutonic warriors. He fixed me with a steely blue eye; “What is scientific?” he asked.
I answered, “I want to listen to some professor’s lectures in Berlin Technical University and
want to read books in Bonn University” Then he said “It’s too early for you to listen to people
talking or to read books. Get out there into the field—there are three billion years of the his-
tory of life out there, there is a real life drama unfolding under our great sun that the German
government could never achieve, no matter how many million marks they threw into research.
Your own body should be the instrument to measure it—study it by looking at it with your
eyes, touching it with your hands, smell it, taste it, feel it!” He drove into me the art of thor-
oughly scrutinizing plants in the field. Together with Professor Tüxen and the other researchers
working there, I carried out exhaustive field studies of every group of plants—from the weeds
growing in fields and grasslands to secondary forest, the heaths (heide in German) formed as
a result of degradation of the vegetation through long years of human activity, and the home-
stead woodland and forests of native trees. Fieldwork was the most important thing—always,
it was fieldwork. 

Around the time I published my first thesis on plant communities, Professor Tüxen said
to me, “Weeds are important, but they are just like my beard—they grow because you cut them.
The important thing is the concept of ‘potential natural vegetation,’ in other words what sort
of vegetation a given area has the ability to support.” Professor Tüxen had published his idea
of potential natural vegetation, the unadorned, indigenous vegetation of an area, in 1956, and
it was thoroughly instilled into me out in the field. In both Europe and Japan, most of the veg-
etation has changed under the influence of various different human activities, and most of the
real forests made up of native vegetation have been lost. Distinguishing the potential natural
vegetation of an area is just like trying to see a body through the clothes it is wearing—you
can’t really make it out. It is so difficult that I first thought you needed some special, ninja-type
skills. 

One day, when it was getting near the time to return to Japan, I woke up in the middle
of the night and for some reason the image of a festival I attended as a child entered my head.
It was the festival of Onzaki Shrine in my hometown, which was held at the beginning of
every November and at the time was the sole amusement in my remote village. The traditional
Bitchu kagura music and dancing, which started from midnight, was performed at the shrine
all through the night. I remembered walking out into the small precinct yard at half past four
in the morning when the music and dancing ended and seeing the branches of the trees stretch-
ing upwards, jet black against the dawn sky. I had trembled with emotion when I saw those
trees all those years ago, and in a flash it struck me—surely they were the primary trees for
potential natural vegetation!

My Interest Moves from Weeds to Trees
As soon as I returned to Japan, I visited Onzaki Shrine. The surroundings of the shrine were
occupied by secondary forests of broad-leaved trees and plantations of cedar and cypress, but
on either side of the steps to the shrine were huge specimens of Quercus acuta and Q. salicina
(see photo). These trees were the primary trees for the potential natural vegetation of areas of
the Chugoku region at an altitude of around 400 meters. Whereas I had only been interested in
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bor and also the womb that nurtured Japan’s vegetation. This work is based on the results of
surveys I carried out with grants for overseas surveys from the former Ministry of Education.
I met with Takuya Okada, honorary chairman of the Aeon Environment Foundation, and the
Beijing Municipal People’s Government, and the decision was made to regenerate the indige-
nous forests along the Great Wall on the outskirts of Beijing over a three-year period starting
in 1998. At the time I was the first Asian to have been elected President of the International
Association for Ecology, and with the recommendation of both Japan and China I was
appointed to lead the project. From previous surveys I knew that the primary tree around the
Great Wall in the province of Yanqing was Quercus mongolica, and we proposed to the mayor
that we should create forests using mainly this species. However, the head of the city’s Forestry
Division and others told us, “Those sort of trees disappeared ages ago, we don’t have them
now. The only ones we do have are poplar, false acacia, willow, and alder.” Fast-growing trees
like that develop quickly but they do not last a long time. I insisted that if we were going to cre-
ate a forest it had to be a real forest with indigenous tree species that could withstand disasters
and would last a long time. 

On three separate occasions between 1998 and 2000 we planted a total of 400,000
seedlings, mainly of the primary tree Quercus mongolica and also Chinese arborvitae, Chinese
pine, acer and other species, together with 3,200 Chinese people from Beijing and elsewhere,
as well as 3,980 volunteers from Japan. Because the trees were planted in very rocky areas with
harsh conditions their initial development was rather slow, but a field survey carried out in June
of this year (2006), the sixth year since the final planting, showed that with some exceptions
the Quercus mongolica and other trees have grown over three meters high. Their roots have
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Essay

Out of the Poverty Hole

Dr. Emil Salim

October 2006

A woman fell into a deep empty hole. There was no water, only clay and stone and the walls
were steep, difficult to climb. There was nothing she could use to pull herself out of the hole,
no tools, no ladder, nothing. She shouted loudly to call for help, but nobody listened. The
woman got tired and weak. She waited for a miracle, if only somebody knew that there is
someone in the hole and by only throwing a rope, she could pull herself out of the hole. But
then she is still not safe, because she may fall in another hole that is spread all over the place.
Her life is uncertain in a place full of holes.

Profile of the Poor
There are many Òpoverty holesÓ in the globe today and many poor people are still trapped in
it. At the end of the 20th century their number has reached 2.2 billion out of 6 billion people
of the globe. These people are usually the vulnerable poor living in developing countries. The
poor live in rural areas but have only small plots of land, not enough to support their basic
needs. Muscles are their only ÒtoolsÓ of work. They work in agriculture on land not their own.
If they live in cities, they find their living in informal sectors as street traders, to sell whatever
they can sell with their limited funds. Most of them earn their living with low cost activities like
collecting and recycling garbage, selling newspapers, bottled drinks, cigarettes, and some time
even their own body. They live in squatters or slum areas without access to clean drinking
water, decent sanitation facilities, and they are forced to use rivers or ponds as toilets. They do
not have electricity and telecommunication facilities. Many of them are still illiterate. Few of
them have obtained primary education. Some continue to lower level secondary schools, but
most of them cannot afford education to higher level secondary schools. The household size
of the poor is large, but many of them will not survive long. The girls from poor families, when
reaching the marriage age level, drop out of schools to prepare themselves to become house-
wife. If the wife delivers her baby, she is usually assisted by unskilled midwife, with high risk
of loosing her life. The poor suffers high maternal mortality rate and high infant mortality rate.
Malnutrition is high among the children of the poor. Many of these children go to school with-
out breakfast and with only few dollar cents to buy cheap food for lunch. Health facilities are
poor and inadequate to cope with peopleÕs diseases, like malaria, tuberculosis, flu, and infec-
tion of respiratory and digestive channels.

Poverty is not inherent in the genetics of the people, but it is strongly affected by the
socio-economic conditions of the poor. Most poor familyÕs breeds further poor offspring that
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This is also true with environment. Million hectares of forests have shrunk.
Transportation, industries and energy have released green-house gasses with serious impacts
on global warming, climate change, increased water scarcity, negative impacts on agriculture
and animal husbandry, and the emergence of new diseases, sea level rise, increased typhoons
and stormy weather.

Conventional development as conducted in the past is clearly not sustainable and can-
not proceed on the Òbusiness as usualÓ basis, when population is climbing from 6 to 9 billion
at the end of this 21st century and the proportions of the poor are increasing. Hence, sustain-
able development must change fundamentally the content of conventional development by
embracing simultaneously economic, social and environmental sustainability with as its focus
to reach for the goal of poverty alleviation, to get the poor out of the Òpoverty hole.Ó

Within this context, sustainable development requires that economic development must
take deliberate efforts to build human capacity through education. The focus of education
must change from education aboutto education for sustainable development (Osman, 2005,
p.28). Education for sustainable development is focused on building human capacity, individ-
ually as well as societal, that raises the quality of life to a balanced level between the physical
needs for human survival and the psychological as well as the social needs of human being in
a society to live a humane life in harmony with natural environment.

Economic development affects environment as sources for development. The basic
notion here is that perpetuity of economic development emphasizes enrichment rather than the
exploitation aspects of natural resource development. Science and technology can enrich trees
to derive higher value than those of wood by transforming the bark of trees, leaves, fruits and
its roots to medicinal ingredients.

Economic development affects horizontal and vertical social mobility that changes the
social structure of the society. The movements of the rural poor to the cities are triggered by
the image of having a better life in the more developed urban areas. Economic development
affects the poor through itÕs wide repercussion on environment and social development.

Social development on the other hand affects the economy through education, human
capacity building, skill formation, knowledge, science and technology development that raises
productivity of the society, and it also opens the opportunity to add values to natural and envi-
ronmental resources. Social development enables us to attack the roots of poverty by opening
the accessibility of the poor to acquire economic developmental tools. Social development acts
like a ÒropeÓ that is thrown into the Òpoverty holeÓ to enable the poor to pull themselves out of
the hole.

Environmental development assures the sustainability of economic development by
maintaining natural eco-systems to function continuously. It assures the conservation of water,
clean air, comfortable climate, soil fertility and the diversity of genes, species and microbes in
an interconnected and interdependent web of life. Environmental development ensures stabil-
ity of the Òweb of natural lifeÓ by maintaining diverse eco-systems that on the other hand
enables natural environment to sustain also the Òweb of societal life.Ó Such a healthy Òweb of
natural and social lifeÓ will be beneficial for the poor who always suffer first when the reverse
happens.


