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 government sur-
vey that linked available data and computer models to analyze population, environment, and
development conditions likely at the start of the 21* 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 Repomvas 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 Repatteased 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, 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 WEQ 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 CO2 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
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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).

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).

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,"lev-
els in stream water at the Hubbard Brook Experimental Forest are currently at their lowest
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Figure 4. Duration of ice cover from 1967 to 2006 in days on Mirror Lake within the Hubbard Brook Valley. The
linear regression has a slope of -0.48 (1> = 0.18; p = 0.009). [Updated from Likens 2000b].

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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Figure 5. Annual sulfur dioxide (SO,) emissions vs. sulfate (SO,*) concentrations in precipitation at the Hubbard
Brook Experimental Forest (updated from Likens et al 2001).

Our long-term research has greatly advanced the knowledge base needed for

developing policy and Federal legislation related to air pollution. For example:
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¢ Changes in emissions of sulfur dioxide, SO,, 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, 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 peq H*/liter in the mid 1960’s to about 55
peq 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 peq H*/liter).
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Figure 6. Long-term trends in hydrogen ions in precipitation at the Hubbard Brook Experimental Forest.



* 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, and NO .

 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 D 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
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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.

Itis 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 involve