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THE CENTER FOR THE ENVIRONMENT
Marketing Green Engineering

by James P. Lassoie

Mounting evidence suggests that many practices of industri-
alized society may be making the world uninhabitable for fu-
ture generations. Agricultural lands are being destroyed
through erosion, salination, and waterlogging. Surface water
is being polluted, while ground water is being depleted. The
atmosphere is losing its ability to filter out harmful radiation
and to moderate the earth's climate. The resources that have
supplied cheap energy since the beginning of the Industrial
Revolution are running out. Biological diversity, which is es-
sential to the health of life on Earth, is diminishing.

In the face of this evidence, pessimists may conclude that
the immense problems facing humanity have no solutions.
Optimists (who may not be facing up to the evidence) may
maintain that there really is no problem. Somewhere in the
middle are people who recognize that the problems are very
serious, but take them as a challenge. These are practical, "can-
do" people. They may not know what will happen in the long
run, but in the short run, they want to identify problems and
then help to fix them.

These are the kind of people who have joined together to
form Cornell's Center for the Environment. They are dedi-
cated to helping other people cope with the negative conse-
quences of modern technology. They have a sense of commit-
ment, an engineering spirit, and a tolerance for imponderables.
They develop broad designs involving people as well as things,
which are implemented at an interface between technology
and the social sciences.

The Center for the Environment was founded in 1991 as
an interdisciplinary program devoted to helping develop the
foundations of a sustainable technological society. It comprises
people from almost all of the university's colleges, schools,
and divisions, and this multidisciplinary character is central to
the program's philosophy. Many of the problems that need to
be solved result from a narrow view. For example, product-
oriented process engineers have paid insufficient attention to
the fate of wastes, and proponents of nuclear power have paid
insufficient attention to public attitudes. In contrast, projects
undertaken by the Center for the Environment commonly
involve specialists representing a number of different disci-
plines, from engineering through the biological and social
sciences.

Another integral part of the Center's guiding philosophy is
the need to maintain close relations with people and organi-
zations outside the university. It is not sufficient to do arcane

research whose results are published only in scholarly jour-
nals. Solutions to environmental problems involve science,
engineering, law, government, and economics. It is necessary
to work with a diversity of agencies and interest groups, not
just after a technical solution has been designed, but in the
course of arriving at a solution.

Consequently, the Center for the Environment is vitally
involved with outreach, as well as the traditional academic
focuses of education and research. Many of the Center's
projects and programs combine all three elements, and exten-
sion agents often work shoulder to shoulder with professors
and students to apply new knowledge to old environmental
problems.

The Center's educational endeavors target undergraduates,
graduates, and the public at large. Working through colleges
and departments throughout the university, the Center is pro-
moting courses that will help students learn to think objec-
tively about environmental issues. A program leading to a pro-
fessional master's degree in environmental management, which
is now under development, will prepare graduates to work
toward practical solutions to environmental problems in the
technical, legal, and regulatory arenas. Short courses and con-
ferences oriented toward managers from the public and pri-
vate sectors confer useful information about issues such as
waste management, composting, water quality, and land use.

More than two hundred faculty members, together with
their graduate students and support staff, are involved in re-
search that directly addresses environmental issues. Their
interests range from combustion science to the relationship
between culture and development. The Center for the Envi-
ronment is well placed, as a university-wide program, to pro-
mote such research, especially when it has an interdisciplinary
character. The Center is able to coordinate the contributions
of different units and provide the leadership to help generate
financial support for projects that combine different areas of
specialization. It also provides links with decision makers in
government and business and helps focus research on critical
social issues.

Cornell has a strong tradition of providing information
directly to the public, especially through the Cornell Coop-
erative Extension and the Industrial and Labor Relations Ex-
tension. An organizational framework that includes offices in
every county of New \brk State and a national network pro-
vides an effective link between the university and those with
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PROGRAMS OF THE CENTER FOR THE ENVIRONMENT

INSTITUTIONALLY BASED PROGRAMS AND THEIR DIRECTORS

• The Cornell Laboratory for Environmental Applications of Remote Sensing (CLEARS) promotes, facilitates, and
conducts research and extension programs in the areas of remote sensing, geographic information systems, and
resource inventory. Subprograms are:

Geographic Information Systems Program. Stephen D. DeGloria
Remote Sensing. William D. Philpot
Resource Inventory Program. Eugenia M. Barnaba

• The Cornell Waste Management Institute (CWMI) promotes interdisciplinary programs that integrate research
and outreach on energy-efficient, environmentally sound, solid-waste management. Ellen Z. Harrison

• The Institute for Comparative and Environmental Toxicology (ICET) provides a focus for training, education, and
research in environmental toxicology. Rodney R. Dietert

• The Water Resources Institute (WRI) promotes research and educational activities throughout New York State
and provides technical and informational assistance to communities and other entities concerned with understand-
ing and managing water resources. Keith S. Porter

FACULTY-BASED PROGRAMS AND THEIR DIRECTORS

• The Cornell Institute for Research in Chemical Ecology (CIRCE) explores chemical interactions of organisms.
Jon C Clardy

• The Cornell Program in Environmental Sciences for Educators and \buth (ESEY) helps young people and their
teachers and leaders develop the ability to critically analyze environmental and resource-management issues.
Marianne E. Krasny

• The Ocean Resources and Ecosystems Program promotes and develops on-campus marine research and teaching
programs. Charles H. Greene

• The Earth, Atmospheric, and Aquatic Sciences Program provides coordination for teaching and research activities
in the earth, atmospheric, and aquatic sciences across departmental and college boundaries. Robert W Howarth

• The Program for Climate Change Research provides a forum for researchers at Cornell through seminars,
conferences, and information on sponsored research. Duane Chapman

• The Urban Environment and Poverty Program (UEP) promotes interdisciplinary work on the interaction of
poverty and environmental degradation in Third World cities, where the immediate effects of environmental
problems are most acutely felt. William W Goldsmith

• The Work and Environment Initiative seeks to examine new ways to improve environmental performance at work
and to increase environmentally benign employment opportunities. Edward Cohen-Rosenthal

whom the Center must work. Special efforts are directed to- Ellen Z. Harrison explores the growing trend toward
ward governmental agencies, not-for-profit organizations, composting a large part of municipal solid waste. And Rich-
industry, consultants, young people and their teachers, and ard Schuler outlines a plan that may enable the world's na-
other educational institutions. tions to cooperate to reduce the threat of global climate change.

The full array of programs that participate in the Center The administrative offices of the Center for the Environ-
for the Environment is shown in the accompanying box. But ment have just been moved from the fourth floor of Hollister
the five articles that appear in this issue of the Quarterly will Hall to Rice Hall, which will be developed as a home for the
give a more immediate sense of the kinds of work that are Center and its programs over the next two or three years. As
carried out under the Center's aegis. Keith S. Porter shows more people realize the significance of environmental issues,
how a broad, interdisciplinary training enables graduate toxi- the importance of the Center will continue to increase. Today
cologists to function productively in the midst of profession- the Center is an umbrella for other programs and a clearing-
als from other disciplines. Rodney R. Dietert discusses the house for information, but in the future it will be a principal
technical and social variables involved in protecting the New focus and source of policy for a major university that is inti-
York City water supply. An article coauthored by Stephen D. mately involved in the affairs of the world.
DeGloria, Eugenia M. Barnaba, and William D. Philpot
illustrates the utility of remote sensing for land-use planning. James P. Lassoie is director of the Center for the Environment.
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TRAINING TOXICOLOGISTS
TO BE TEAM PLAYERS

"in recent decades

the scope of

toxicology has been

extended to include

the health of the

environment."

by Rodney R. Dietert

Toxicology is not for the timid. Prac-
ticing toxicologists often find them-
selves caught between opposing fac-

tions with different technical training, differ-
ent objectives, and different ethical views.
When a chemical company is at odds with a
community over the way it disposes of wastes,
a toxicologist has to decide the extent of the
actual risk to both people and environment.
This requires a knowledge of chemistry, biol-
ogy, and ecology; a respect for process design
and the company's bottom line; and a genuine
concern for people. To be successful, toxicolo-
gists must be able to work with engineers, law-
yers, accountants, and interested laypersons.

The Scope of Toxicology
and the Program at Cornell
Poisons have been of interest since ancient
times, but toxicology as a scientific discipline
is relatively new. It emerged during the first
part of the twentieth century as a specialized
field relating to human health—like immu-
nology, nutrition, and genetics. But in recent
decades the scope of toxicology has been ex-
tended to include the health of the environ-
ment. The structure of some institutions has
partitioned the human and environmental as-
pects of toxicology into different departments
or colleges. But human health is not separable
from environmental health, and there is a con-
tinuum between biomedical toxicology and
environmental toxicology.

At Cornell, we have tried to construct a
program that will give future toxicologists a
broad range of expertise and allow them to
address problems all along this continuum.
Graduate training for toxicologists began in
the late 1960s, and an unbroken lineage of fed-
erally supported training programs has con-
tinued ever since. A state-approved graduate
program leading to the Ph.D. degree was in-
stitutionalized in 1980. Today, the Graduate
Field of Environmental Toxicology is orga-
nized under the administrative umbrella of the

Institute for Comparative and Environmen-
tal Toxicology, a unit of the Center for the En-
vironment. Thirty-six faculty members, based
in nine colleges and two divisions, including
the College of Engineering, belong to the
graduate field. Numerous courses, oriented
toward graduate students, are also open to
qualified undergraduates.

Assessment and Design:
Collaboration with Engineers
In many work situations, toxicologists inter-
act with engineers. Whether they specialize
in water resources, clean air, hazardous mate-
rials, agriculture, or drug safety, toxicologists
assess the risks that result from processes and
facilities that engineers design—and some-
times engineers must redesign these processes
and facilities to lessen risks that toxicologists
deem unacceptable.

In the area of water resources, toxicologists
use the best available scientific information
to track potentially harmful chemicals from
their source as they pass through—and be-
tween—relevant media such as water, soil, and
air. They assess the exposure levels of humans
and wildlife and, by applying fundamental
laboratory data to real-world scenarios, trans-
late their findings into projections for the
health of the local ecosystem, including its
human participants. But this process only iden-
tifies environmental problems; solutions de-
pend on engineers who can lend their expertise
to prevention and/or remediation. Ultimately,
strategies to insure the continued availability
of clean water require an efficient interface be-
tween toxicology and engineering.

The maintenance of air quality requires the
same interprofessional collaboration. Toxico-
logical studies may focus on the danger of in-
haling air containing industrial emissions, or
on the relationships between building design
and use, indoor-air quality, and human health.
In either case, engineering solutions may be
required.
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With regard to hazardous materials, toxi-
cologists can provide important information
regarding relative risk from various chemical-
exposure scenarios, but these calculations are
usually developed in concert with engineer-
ing strategies for storage, handling, and
remediation. For example, the toxicological
impact of solid-waste incineration can only be
calculated after specifications for the design
and operation of an incinerator have been es-
tablished, and the design may need to be modi-
fied, depending on what the impact is likely to
be.

In agriculture, strategies for recycling
wastes and byproducts offer opportunities to
produce reusable nutrients instead of pollut-
ants, replacing environmental liabilities with
marketable resources. But the challenge of
adapting recycling technologies for practical
use by farmers requires close coordination
between microbial toxicologists and agricul-
tural engineers.

Even in the relatively well-established
field of drug-safety toxicology, there is a
need for collaboration with engineers. Drug-
delivery systems are an important compo-
nent of efficacious drug treatment, and the
development of appropriate delivery strat-
egies can help reduce the potential for toxic
exposure.

Multidisciplinary Training
As Preparation for Collaboration
In order to prepare toxicologists for collabo-
rating with engineers and other professionals,
the Cornell program encourages a broad range
of interdisciplinary experience. Many courses
are, necessarily, focused on the narrow range
of technical subjects that give toxicologists
their expertise—subjects such as analytical
chemistry and nutritional toxicology. But other
courses are structured to broaden students'
horizons.

A particularly good example is Hazardous
Waste Toxicology, a course established in 1992
in the context of a Superfund Basic Research
and Education Program grant. This grant,
which supports a multilaboratory, multidisci-
plinary research effort, also covers a training
program designed to expose students in one
environmentally related discipline to pertinent
information developed in complementary
disciplines.

The format of Hazardous Waste Toxicol-
ogy combines seminars, small-group discus-
sions, and off-campus site visits. Each semes-
ter, students have the opportunity to learn from
some of the nation's foremost experts on haz-
ardous waste. Engineers who have explained
their work to the class include Robert R. Bland,
senior engineer with Cornell's Facilities and

Environmental toxicology
students in Martin Alexander's
laboratory search for specialized
microbes that will degrade
hazardous chemicals. This
laboratory is a leader in research
on the bioremediation of
hazardous waste and has served
as a training ground for many
faculty members now serving at
other universities.
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The analysis of drug and
chemical residues is a vital part of

toxicology. John D. Henion and
postdoctoral colleague Frank

Hsieh utilize novel combinations
of analytical procedures and

state-of-the-art instrumentation
to expand the boundaries of

toxicant detection.

Campus Services, and Daryl Ditz of the New
York State Waste Management Institute, who
discussed engineering considerations at haz-
ardous waste storage sites. Stephen Zinder of
the Section of Microbiology discussed research
on microbial remediation that he has been
conducting together with James Gossett of the
School of Civil and Environmental Engineer-
ing. On-site lectures concerning engineering
aspects of the hazardous-waste incinerator at

Eastman Kodak Company in Rochester, New
York, were given by Daniel Newfang and other
Kodak engineers.

In addition to offering courses that in-
corporate diverse perspectives, the program
encourages students to take courses in re-
lated areas and to participate in multidisci-
plinary research. While majoring in toxicol-
ogy, some students establish minor areas of
concentration in fields such as organizational
behavior and public policy. A recent research
project, which investigated and compared risk
management strategies in a series of different
communities, was carried out by a multi-
disciplinary group that included a toxicolo-
gist, a nutritionist, a chemist, and a cultural
anthropologist.

Feedback from Alums
Out in the Field
After graduation, toxicologists find positions
in industry, academia, government regulatory
agencies, not-for-profit grass-roots organiza-
tions, and environmental consulting firms.
They soon find that the broad-based training
they have received stands them in good stead.
The experience of three recent graduates il-
lustrates this point.

Marianne Hirsch (Ph.D. '89) is a senior
toxicologist at Eastman Kodak. Her job in-
volves testing new chemicals that Kodak plans

Jay S. Jacobson (right) of the
Boyce Thompson Institute for
Plant Research and graduate
students Rudyard Edick and

Karen Hausmann examine the
impact of environmental
pollution on plants. This

laboratory conducts pioneering
research on the use of plants as
biosensors to detect chemically

induced changes in the
environment.
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to manufacture or use in its products to see
what effects they might have on fresh-water
organisms. She also works with the engineers
at Kodak's wastewater-treatment plant, who
continuously monitor the discharge for hun-
dreds of different materials. At first, she found
that she and the engineers spoke different tech-
nical jargons, but they soon came to under-
stand each other and learned to work together
efficiently

Jenifer S. Heath (Ph.D. '87), a risk-
assessment manager with Woodward-
Clyde, a private consulting firm, feels that
she was fortunate to participate in a collabo-
rative research project that exposed her to
professionals from a variety of different spe-
cialties while she was at Cornell. She cred-
its this experience with giving her a breadth
of vision that has helped her deal with the
diverse interests that a good consultant must
reconcile. She feels that engineers who
expect to work with toxicologists would also
benefit from more interdisciplinary train-
ing, especially in the life sciences and regu-
latory conventions, which would help them
"see how their little piece of the puzzle fits
into the big picture."

James T. Mayne (Ph.D. '87) is a biomedi-
cal toxicologist who manages the preclinical
toxicology group at Pfizer Central Research.
He monitors the development of new phar-
maceutical products, watching out for harm-
ful side effects and contamination with resi-
dues of chemicals used in processing. This
requires continual interaction with pharma-
cologists and chemical engineers. Rather
than let his position as gatekeeper become
adversarial, he has developed a working re-
lationship that allows problems to be iden-
tified and dealt with early in the develop-
mental process. He credits multidisciplinary
experience, gained at Cornell, with head-
ing him in the right direction.

"When I started working with the people
at Pfizer," Mayne says, "I didn't speak their
language. But at least I knew how to say, 'Hello,
how are you?'"

Almost without exception, graduates of the
Cornell program find that a broad, multi-
disciplinary training contributes to their pro-
fessional effectiveness. There is still room for
improvement; toxicologists could benefit from
a greater degree of basic engineering literacy,

just as chemical and environmental engineers
might benefit from a basic knowledge of toxi-
cology. But the Cornell curriculum already
gives graduates a distinct advantage over toxi-
cologists trained in more narrowly defined
programs.

Rodney R. Dieteit is a professor ofimmuno-
genetics in the College of Veterinary Medicine,
director of the Institute for Comparative and
Environmental Toxicology, and a senior fellow
in the Cornell Center for the Environment—as
well as an adjunct professor at North Carolina
State University. He received the Ph.D. from
the University of Texas at Austin for work on
the genetic regulation of leukemia antigens in
poultry, and the environmental and genetic
control of immunity has remained a central focus
of his research activities. He has authored or
coauthored more than 110 scholarly articles; he
has delivered numerous invited lectures; he has
been an editor of both a scientific journal and a
book series; and he is a member of a number of
professional societies, for which he has organized
and hosted meetings. In addition, he has written
articles and spoken out on issues relating to
health and the environment in the print and
electronic media.

uchemical and

environmental

engineers might

benefit from a basic

knowledge of

toxicology."
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DEVELOPMENT
AND WATERSHED PROTECTION

Finding the Middle Ground

"if.all the aqueducts,

tunnels, and pipe-

lines were connected

end to end, they

would reach to

England and back."

Figure 1. The New York City
water supply system. The widths
of the aqueducts and tunnels are

proportional to the amounts of
water they carry.

by Keith S. Porter

Watershed rules and regulations
are unlikely motives for civil dis-
obedience. But when New York

City published a 106-page document called
"Proposed Regulations for the Protection
from Contamination, Degradation and Pol-
lution of the New York City Water Supply
and Its Sources," in September 1990, there was
an uproar. This draft document was intended
to promote public debate, but the ferocity of
the reaction of residents in the watershed
hardly qualified as polite discussion. Farmers
feared loss of livelihood, residents were afraid
of losing their homes, and businesses saw their
future foreclosed. Yet the New York City De-
partment of Environmental Protection was
simply performing its duty, as it saw it, to pro-
tect the water supplies of residents in the
greater New York City region.

New York City manages a watershed with
a total area of nearly 2,000 square miles. If this
area were declared the fifty-first state, it would
be almost as large as Delaware. The area con-
tains parts of eight counties, fifty-four towns,

cajpacity in mil
of gallons per day

twelve villages, and over five hundred agricul-
tural and horticultural enterprises. Within the
watershed are three great reservoir com-
plexes: the Croton, Catskill, and Delaware
systems. Water from these systems is deliv-
ered through a distribution network so vast
that, if all the aqueducts, tunnels, and pipe-
lines were connected end to end, they would
reach to England and back. Every day, the
watershed produces 1.2 billion gallons of high-
quality water for nine million people.

The area encompasses multiple land uses
and hugely varying population densities. The
natural beauty of much of the land and its prox-
imity to the New York City metropolitan re-
gion means constant pressure from develop-
ers with projects ranging from residential to
recreational. Given the need to reconcile these
land-use stresses with the protection of a high-
quality water supply, the New York City De-
partment of Environmental Protection seeks
to foster a policy of environmentally sensitive
land use.

The Need for a Compromise
between Land Owners and Water Users
Under the Safe Drinking Water Act, the U.S.
Environmental Protection Agency requires
that municipal water supplies be filtered, un-
less there is strict watershed management.
Since the Second World War, suburban en-
croachment in the Westchester and Putnam
part of the New York City watershed has
caused serious degradation of reservoirs. Con-
sequently, new filters to treat the water pro-
duced in the Croton system are required. The
expected construction cost of these filters is
$600 million and annual operating costs will
be in the vicinity of $45 million.

If degradation similar to that of the Cro-
ton reservoir were to occur in water provided
by the Catskill-Delaware part of the system,
then filters would be needed for this water also.
The cost of installing these filters could ex-
ceed $5 billion. Annual operating costs would
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The Schoharie Reservoir is typical
of the Catskill-Delaware reservoir
system in producing very high-
quality water.

be about $300 million. These huge costs would
have to be borne by consumers whose drink-
ing water would be inferior, at least at its
source, to that of today. Needless to say, New
York City favors averting any such deteriora-
tion in its water supply by instituting compre-
hensive watershed management.

Many scientists believe that filters should
be constructed to deal with problems that
already exist. But engineers and planners in
New York City argue that even if this were
so, steps should be taken to prevent the
water supply from deteriorating further.
Otherwise the city will have to pay a still
higher price for filters. For New York City to
pay gready more for a lesser commodity would
seem to be economic perversity. Unfortu-
nately, residents in the watershed believe they
already face economic perversity. They are
being asked to incur unknown economic and
social costs in order to more thoroughly pro-
tect water that is already of high quality, on
behalf of nine million people who do not live
in the watershed.

The magnitude of the stakes renders this
conflict and its solution of great importance
to New York State. It also has significance for
the entire country. The conflict is a paradigm
case of the collision between the imperatives
of increased controls to prevent pollution and
established traditions of land management.
Can we securely protect water resources while

permitting people to live, work, and play in
the watersheds that bear those resources?

An interdisciplinary team at Cornell has
invested substantial effort in looking for an-
swers to this focal question, ever since the re-
lease of New York City's proposed regulations.
A just compromise between the competing
interests of land owners and water users will
require, before all else, information that makes
wise decisions possible. The academic com-
munity, with its tradition of objective re-
search and analysis, can help provide this
information.

The Croton Dam is part of the
Croton Reservoir in Putnam and
Westchester Counties. The
system was first put into service
one hundred fifty years ago.
Unfortunately, the quality of the
water has deteriorated to the
point where it now must be
filtered.
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Water from the Upper Delaware
River does not yet require

filtration, but future develop-
ment must be managed to

preserve the watershed's
integrity.

Studying Contaminants:
Algae and Protozoa
One problem that often results from farming
on watershed lands is eutrophication. Phos-
phates applied as fertilizers drain into reser-
voirs, where they cause excessive algal growth.
When algae die during the summer months,
their decay consumes dissolved oxygen, some-
times to the extent that water becomes oxy-
gen starved. This causes fish and other organ-
isms that depend on dissolved oxygen to be
stressed or even killed. A similarly disastrous
loss of oxygen may take place during hours of
darkness when algae respire without accom-
panying photosynthesis. The presence of al-
gae can also diminish the efficacy of chlorina-
tion in water treatment and can impart a bad
taste and odor to drinking water. When algae
are present at high densities, filters used to
remove them rapidly become clogged and in-
efficient. A preferable solution is to avoid al-
gae in the first place by controlling the nutri-
ents that support them.

A problem that is a direct threat to public
health is presented by pathogenic protozoa.
Over the past decade it has become evident
that chlorination is not a totally effective bar-
rier against water-borne diseases. There have
been serious outbreaks of diseases spread by

microbially contaminated water supplies, de-
spite chlorination. The two principal culprits
are Giardia lamblia and Cryptospohdiuni par-
vum. Both can cause persistent diarrhea that
is very difficult to diagnose and treat. Ciypto-
sporidiwn was recently responsible for several
hundred thousand illnesses in Milwaukee. And
for individuals with defective immune systems,
these diseases can be life-threatening. Some
scientists argue the only effective way to elimi-
nate protozoa is through filtration.

The role of nonpoint-source pollution in
eutrophication is relatively well understood
(see Quarterly 25(1):2—6), while much remains
to be learned about the sources and fates of
Giardia and C?yptosporidium in the watershed.
It is now known, however, that domestic ani-
mals can be sources of both microbes. Tradi-
tionally, agricultural research has not dealt with
farm animals as vectors for water-borne dis-
ease. There is now a critical need to deter-
mine the degree to which they are sources of
parasites, the fate of parasites in fecal material
on farms, risks to drinking water, and appro-
priate management methods to control the
microbes. These matters are being investigated
by a Cornell Pathogen Group under the lead-
ership of Susan Wade, director of parasitol-
ogy at the Veterinary Diagnostic Laboratory.
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The challenge of this research is sharpened
by the need to develop reliable and efficient
laboratory methods to determine the presence
and viability of the parasites. Currently, there
is no easy way to collect and analyze samples.
Even when Giardia or CryptosporuUum cysts
are detected, there is no routinely practical
method to determine whether the cysts are
alive.

A closely related task involves defining pa-
rameters for the identification of especially
vulnerable areas within the watershed. Hydro-
logical, topographical, and soil conditions vary
widely and present a range of different risks
with respect to the sources and fates of con-
taminants. It is, therefore, inefficient and even
impractical to manage land according to one
overall prescription. A group headed by
Michael Walter of the Department of Agri-
cultural and Biological Engineering is investi-
gating ways to identify critical local hydrologi-
cal conditions and appropriate strategies for
managing them.

Managing the Context:
Whole Farm Planning
Clearly, farmers in the watershed need man-
agement guidance in order to keep pathogens
and other pollutants from entering reservoirs.
This requirement adds a further dimension to
the research of the Cornell group.

For decades, agricultural scientists and farm
advisors have sought to maintain the economic
viability of farming as environmental regula-
tions have increased. Success has been elusive,
however. A major reason is that farm practices
designed to meet environmental goals are of-
ten recommended without fully considering
the whole farm as a business. Individual farm
practices are developed and recommended by
specialists, not farm generalists or systems
analysts. The range and number of specialists
upon whom a dairy farmer may rely is remark-
able. Animal nutritionists, parasitologists, vet-
erinary entomologists, veterinarians, agricul-
tural engineers, soil scientists, IPM (integrated
pest management) specialists, field crop spe-
cialists, and economists may all have specific

Agriculture, residential development, and
recreational land uses all require
management to maintain water quality.
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Water management is
complicated by the variety of

different agencies that are
involved. Key players are local

government, Cornell Cooperative
Extension, the New York State
Department of Environmental
Conservation (DEC), the New

York City Department of
Environmental Protection (DEP),

the U.S. Department of Agri-
culture Soil Conservation Service

(SCS), Environmental Manage-
ment Councils (EMC), the New

York State Department of Health
(DOH), and concerned citizens.

advice for farmers. The failure to develop rec-
ommendations that adequately take into ac-
count the multiple interrelationships in farm
management is hardly surprising.

A challenge for the Cornell group is to
systematically integrate knowledge about
the myriad facets of farming. The concept
is called "Whole Farm Planning," and the
group includes representatives of all the dis-
ciplines listed above. New efficiencies
should, it is hoped, at least partially com-
pensate farmers for the additional costs of
preventing pollution.

New York City is currently providing
$3.9 million for the first phase of a long-
term demonstration program involving ten
dairy farms and has committed $35 million
to underwrite the second phase of this pro-
gram. The Cornell group is working closely
with farmers participating in the program
and with County Project Teams composed
of staff from county Soil and Water Conser-
vation District Offices, Cornell Cooperative
Extension, and the U.S. Soil Conservation
Service. The County Project Teams are re-
sponsible for preparing detailed plans for each
farm. The Cornell teams provide advice as
needed and undertake necessary research. It
is expected that this method of systematically
assisting farmers in meeting their economic
and environmental goals will eventually be

applicable to farmers elsewhere in New York
State. A team formed to implement this
broader objective is cochaired by Danny G.
Fox of the Department of Animal Science and
Robert J. Wagenet of the Department of Soil,
Crop, and Atmospheric Sciences.

In a still wider vision, the underlying prin-
ciple of Whole Farm Planning should be ap-
plicable to entire communities located within
watersheds. Over the past two years, consid-
erable effort has been invested in exploring
the concept of "Whole Community Planning
in the Watershed." This interagency work was
led by the Coalition of Watershed Towns and
the New York City Department of Environ-
mental Protection, with the assistance of the
New York State Water Resources Institute at
Cornell. Unfortunately, the complexity of
community issues and the political conten-
tiousness they nourish have made progress in
this area hard to achieve.

Last year, a Cornell Group formed to ex-
amine research issues prompted by the con-
cept of Whole Community Planning in the
New York City Watershed. This group, co-
chaired by Stuart W. Stein of the Department
of City and Regional Planning and Max J.
Pfeffer of the Department of Rural Sociology,
plans to commission a series of papers to stimu-
late discussion among Cornell faculty mem-
bers. These will be reviewed by an invited
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"University research

has dramatically

served the worlds

progress."

group at a workshop in the early summer. The
group is also about to undertake an initial sur-
vey of public attitudes and values in the New
York City watershed.

Academic Participation
in the Public Process
"D'ye think the colledges has much to do with th"
progress ofth'wurrold?" asked Mr. Hennessy.

"D'ye think," said Mr. Dooley. "Tis tV mill
that makes the water run?"

In 1902, when Finley Peter Dunne's Obser-
vations by Mr. Dooley was published, the wis-
dom of Mr. Dooley's rhetorical answer seemed
obvious. Of course a mill does not make the
water run.

But the mill does influence where the water
runs. Academic science has fostered under-
standing of the watershed as a unit of man-
agement, permitting rational decisions about
water resources. A better understanding of
water, and especially water treatment, devel-
oped in academia, provides a clear affirmative
answer to Mr. Hennessy's question. Univer-
sity research has dramatically served the world's
progress. Through greatly improved treat-
ment, water supplies are progressively safer to
drink, and effluents released into streams and
lakes are cleaner.

The circumstances of the New York City
watershed present new challenges, and Cornell

researchers have responded. But such research
comes to naught unless useful results are ob-
tained and then accepted. Fortunately, farm-
ers and community leaders in the New York
City watershed realize that the efforts of re-
searchers will be helpful to them. By working
with residents of the watershed, with col-
leagues in New York City, and with members
of relevant agencies, the Cornell team is con-
tributing to the mutual acceptance of secure
watershed management.

Keith S. Porter first came to Cornell as a
visiting assistant professor in the Department of
Agricultural Engineering. At the time he was a
staff member for the United Kingdom's
Department of the Environment specializing in
water-basin studies. Trained at the Essex
Institute of Agriculture (U.K.) and the
University of California at Santa Barbara, he
has specialized in groundwater protection and
the management of nonpoint-source pollution. In
1918 he was appointed to the Center for
Environmental Research (now the Center for
the Environment) to lead a program focusing on
water resources. In 1985 he was made director
of the New York State Water Resources
Institute.
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MAPPING LAND USE
FOR LOCAL GOVERNMENT

by Stephen D. DeGloria, Eugenia M. Barnaba, and William D. Philpot

"Cornell has a long

and distinguished

history of applying

remote sensing to

environmental and

land-use studies."

n June 1989 the Division of Planning and
Development of Putnam County, New
York, asked the Cornell Laboratory for

Environmental Applications of Remote Sens-
ing (CLEARS) to help develop an inventory
of land cover and land use. Putnam County,
which is sandwiched between the Hudson
River and the Connecticut border, just north
of Westchester County, had been suffering
growing pains. The migration of people out
of New York City, increasing tourism, and
commercial development were affecting all
of the lower Hudson River Basin. Putnam
County officials wanted to achieve an under-
standing of land-use dynamics that would en-
able them to produce an effective plan for de-
velopment and resource management.

Cornell has a long and distinguished his-
tory of applying remote sensing to environ-
mental and land-use studies. Cornell special-
ists helped choose the site for Brasilia. They
also helped New York State carry out the first
comprehensive, statewide, land-use inventory
in the nation, utilizing aerial photography as
the primary data source, in 1968.

CLEARS, which is a program in the Cen-
ter for the Environment, specializes in remote
sensing, resource inventory, and geographic
information systems. It works with the Cornell
community and with local, state, national, and
international agencies. It undertakes coopera-
tive research, provides consulting and support
services, trains personnel, and helps to intro-
duce new technologies.
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Processing the Data
for Computer Analysis
The Putnam County planners wanted to ob-
tain quantitative measurements of current land
use and of change in land use since 1968. When
they contacted CLEARS, a series of meetings
was set up to clarify their needs and determine
the best way to proceed. In the course of these
meetings it was decided that the county would
need maps and summary statistics on the type,
distribution, and magnitude of changes. Prac-
tical details that had to be worked out involved
the type and scale of base maps, the classifica-
tion system that would be used, how aerial
photographs would be acquired and inter-
preted, how the remotely sensed data would
be transferred to maps, and how statistical data
would be generated. The planners wanted the
material to be useful for making day-to-day
decisions, so it was decided that the final prod-
uct should be in both an analog format (with
statistics on paper and maps on stable acetate)
and a digital format that could be installed and
used on computers.

Producing these results for the entire
county, which comprises 157,568 acres, in-
volved careful analysis of aerial photographs
taken in 1988, with updates from field verifi-
cation surveys conducted in 1991. The land-
use classification system that was used was
based on the one employed in 1968 so that
the data would be comparable. Two data sets
were produced—one showing land use for
areas one acre or larger and the other showing
the point location of items too small to map
but considered noteworthy These data sets
were mapped onto separate mylar overlays
at a scale of 1:24,000 and then drafted in
ink on a map based on the U.S. Geological
Survey topographic map series.

Once this manual phase was finished, the
material was digitized for use in a geographic
information system (GIS). This is a combina-
tion of hardware and software designed to store

Figure 1 (facing page). Aerial photographs
at the interchange of routes 1-84 and 1-684,
taken in 1968 and 1987. In addition to the
completion of 1-84, which was still under
construction in 1968, careful comparison
reveals a loss of agricultural fields and an
increase in residential neighborhoods.

and analyze spatial data, as well as present it
in a visually comprehensible form. Geo-
referencing points were derived from the to-
pographic maps and the data were refer-
enced to the Universal Transverse Mercator
projection and coordinate grid system. Town
and village boundaries derived from the topo-
graphic maps were also digitized so that data
could be analyzed in accordance with these
political subdivisions.

A Statistical Summary
of Change in Land Use
The detailed land-use classification was sim-
plified, with many categories consolidated into
eight: agricultural, residential, commercial/
urban, industrial/extractive, public/outdoor
recreation, undeveloped/vacant, forest/brush,
and wetlands/water. Summary statistics for
each time period were generated on a county,
town, and village basis through the integrated
GIS database management system, report gen-
eration functions, and a commercially avail-
able spreadsheet program.

A majority of the land in Putnam County,
both in 1968 and 1991, was covered with for-
est (73.2 percent, 69.1 percent). But over the
course of that twenty-three-year period, 21
percent of the area in the county changed from
one land-use category to another. Important
trends are a loss of land devoted to agriculture
(a 54.3 percent reduction), as well as land in
the undeveloped-vacant, industrial-extractive,

Figure 2. Land-use change in
Putnam County, 1968-1991. The
categories of analysis are
agricultural, residential,
commercial/urban, industrial/
extractive, public/outdoor
recreation, undeveloped/vacant,
forest/brush, and wetlands/
water. All types of use except
residential and commercial have
declined.
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Figure 3. Generalized land use,
Putnam County, 1968-1991.
Land in commercial or urban
use is colored purple;
residential areas are yellow;
public lands for outdoor
recreation are green;
agricultural lands are red;
wetlands and water are blue;
and forest and brush is white.

1968 Generalized Land Use

1991 Generalized Land Use

public outdoor recreation, forest-brush, and
wetlands-water categories. Corresponding
gains in the commercial-urban and residen-
tial categories amounted to 121.7 percent and
87.2 percent, respectively. In 1991, 15.9 per-
cent of the county was devoted to residential
use, as contrasted with 8.5 percent in 1968. To
help in visualizing land-use changes in the
county, generalized maps were prepared.

The planning division made the data avail-
able to the conservation advisory boards within
the individual towns as well as other agencies
and interested individuals. By analyzing land-
use patterns where property-tax defaults had
occurred, the county government was able to
begin acquiring land adjacent to publicly

owned property. The county has also used the
inventory to evaluate an environmental im-
pact statement prepared by the City of New
York in support of its watershed protection
plan. Developers and consultants involved in
planning private initiatives have also found the
data extremely useful.

Sharing Skills
as Well as Data
A major objective of the collaboration between
CLEARS and the Putnam County planning
division was to train local personnel so that
they could make good use of the available re-
sources. To achieve this, a series of workshops
were held both in Putnam County and on the
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Barnaba, Philpot, and DeGloria

Cornell campus, which were attended by three
to eight staff members of the planning divi-
sion and associated environmental profes-
sionals. The workshops gave an overview of
resource inventory methods, air-photo inter-
pretation, and digital mapping techniques, and
provided experience and source material for
using the geographic information system to
process and analyze spatial data.

The workshops covered the entire range
of tasks associated with the inventory process,
including needs assessment, classification sys-
tems and inventory techniques, air-photo in-
terpretation and map transfer, integration of
data from secondary sources, and field verifi-
cation. An attempt was made to engage the
staff of the planning division in each and ev-
ery phase of the project so that they could play
an active role in making decisions concerning
the inventory. By the end of the course, the
staff were in an excellent position to carry on
analysis and planning as well as continued
monitoring of changes in land use within the
county.

The Value of Remote Sensing
for Monitoring Land Use
The Putnam County project is a case history
that illustrates one of the many valuable ap-
plications of remote sensing. Effective plan-
ning for the management of environmental

resources depends on a quantitative assessment
of current conditions and past trends that can
be projected to a vision of future needs and
opportunities. With many years of experience,
CLEARS has learned how to reap maximum
information from remote sensing and help
people use it to advantage.

Stephen DeGloria is an associate professor in the
Department of Soil, Crop, and Atmospheric
Sciences. His work is focused on the development
and use of remote sensing and geographic infor-
mation systems for environmental assessment
and economic development programs. He has
been at Cornell since receiving the Ph.D. from
the University of California at Berkeley in 19 86.

Eugenia M. Barnaba is resource inventory
program leader at CLK4RS. She holds an
M.P.S. from Co7*nell, and specializes in resource
inventory and development, public education,
and technology transfer. During her professional
service to Cornell, which began in 1911, she has
been involved in numerous research projects and
educational initiatives.

William D. Philpot has been at Cornell since
1981. He is an associate professor in the School
of Civil and Environmental Engineering, and
remote sensing program leader at CLEARS. He
received the Ph.D. from the University of
Delaware, College of Marine Studies. He
specializes in the processing and analysis of
digital imagery.

"By the end of the

course, the staff were

in an excellent

position to carry m

analysis and
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RECYCLING ORGANIC WASTES
Research, Engineering, and Outreach

"Through

composting and

recycling, the waste

stream can be

reduced by 40 to 60

percent"

by Ellen Z. Harrison

O nly ten years ago, almost all mu-
nicipal solid waste went into land-
fills. Today, most communities

are moving toward integrated systems involv-
ing management techniques intended to maxi-
mize the recovery of several different resources
from the waste stream. But the transition is
not an easy one. It requires much technical
know-how as well as significant changes in the
knowledge, attitudes, and behavior of both de-
cision makers and the public at large.

In the United States, 60 to 70 percent of
municipal solid waste is composed of organic
materials. Through composting and recycling,
the waste stream can be reduced by 40 to 60
percent—the range of most goals set by na-
tional, state, and local governments. Compost-
ing, which involves the biological degradation
of organic materials under aerobic conditions,
can transform leaves, food scraps, some tex-
tiles, and nonrecyclable paper into a benefi-
cial soil additive.

But composting has traditionally been prac-
ticed on a small scale, as a kind of folk art. For
composting to be practiced on a large scale, it
must be seen as a manufacturing process. Re-
search is necessary to make the process better
understood; engineering is required to make

Many gardeners have long
composted their own organic

wastes as a way to improve
the soil. • • i • i

the process safely and efficiently serve social
needs; and outreach is necessary to help
communites implement new technologies.

Facilitating Change:
The Cornell Waste Management Institute
The Cornell Waste Management Institute,
which is a program of the Center for the En-
vironment, focuses the resources and capabili-
ties of the university so as to identify and ad-
dress the problems of waste management. The
mission of the Institute includes not only the
development of technical solutions, but also
research into the broader issues of waste gen-
eration and composition, waste reduction, risk
management, environmental equity, and pub-
lic decision making. Through extension ser-
vices, the results of this research is made avail-
able to society.

The Institute has helped make Cornell a
leading exponent of composting as a strategy
for the reduction of municipal waste. It has
done this by anticipating questions and encour-
aging research that will provide answers when
decision makers need them. Several initiatives
focus on different aspects of municipal
composting, from the siting of facilities to the
application of the final product to agricultural
soils.

In almost all of its activities, the Institute
attempts to integrate research and outreach.
When research is done on campus, the results
are quickly made available to people who can
make use of them. In many instances, off-cam-
pus groups and individuals are active partners
in conducting the research. And research fo-
cuses not only on physical and biological pro-
cesses, but also on the social processes involved
in the implementation of new technologies.

Community Concerns
about Siting Facilities
Engineers are often frustrated to discover that
one of the most significant barriers to the
implementation of solid-waste options, includ-
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ing composting, is not technical but social.
Whenever a new waste-treatment facility is to
be built, grass-roots resistance rallies to the
cry, "Not in my back yard." Experts may dis-
parage such public opposition as grounded in
ignorance and emotion, but few would wel-
come a solid-waste facility near their own
homes.

Studies involving the Cornell Waste Man-
agement Institute have investigated commu-
nity concerns about the siting of waste facili-
ties. One important finding of these studies,
which were conducted by Kenneth H. Cobb,
Lyle S. Raymond Jr., and Clifford Scherer, is
that the real causes for concern are often ob-
scured by the need to couch objections in terms
that have standing within the regulatory pro-
cess. Thus, for example, neighbors may cite
environmental risks—which authorities are
bound to take seriously—when what they are
really worried about is heavy truck traffic and
a decline in property values. This shifting of
the argument for legalistic reasons makes it
harder to address the real concerns.

Insights gained from research on how pub-
lic judgments are made have led to the devel-
opment of educational programs that help to
make these judgments more objective and ef-
fective.

Separating Wastes:
The Sooner the Better
One of the problems that a municipal
composting program must solve is when and
how to separate the biodegradable materials
to be composted from other elements in the
waste stream. Compost can be contaminated
with bits of plastic, glass fragments, and toxic
compounds containing heavy metals. Research
has shown that the cleaner the input materials

When mixed municipal waste is the input
for composting, extensive sorting and
processing is necessary. The steps vary at
different facilities, but those shown on this
and the following pages are typical. After
mixed waste has been received at the
facility (top), it passes through a picking
line where recyclables and contaminants are
removed (middle). As the material tumbles
through a rotary trommel (bottom), large
items are separated from smaller items,
which fall through the holes.
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and the sooner the potential contaminants are
removed, the cleaner the final product. If clean
organic wastes can be collected separately at
their source in homes and businesses, the
resulting compost will be relatively free of
contaminants. But collecting mixed wastes
and processing them centrally to remove
noncompostable substances may be less expen-
sive and easier for waste producers, resulting
in a larger volume of waste being composted.
Thus, deciding where and when to separate
the waste stream requires an understanding of
economic and environmental tradeoffs, includ-
ing the risks posed by various contaminants.

One of the best options, if it can be imple-
mented, is for homeowners and businesses to
separate and compost their own biodegrad-
able wastes. This avoids the need for collec-
tion, transport, and central processing. The
key to success is education, and the Cornell
Waste Management Institute works with lo-
cal associations of the Cornell Cooperative
Extension to promote this option. Many as-
sociations have started "Master Composter"
programs in which trained volunteers spread
the word within their own communities.

Tolerance for Contaminants
and Acceptable Risk
Currently, there are no federal standards on
composting facilities or composts (unless they
contain sewage biosolids). Various states, in-
cluding New York, have adopted regulations
that govern composting facilities as well as the
use and quality of compost products. These
regulations are new, evolving, and controver-
sial—especially as regards quality standards.
At issue is whether the allowable limits of con-
taminants such as heavy metals should be based
on a calculation of acceptable risk, or whether
composts should be as clean as the soils to
which they are applied. "No-net-degradation"
standards, which guide policy in some Euro-
pean countries and Canadian provinces, pro-
hibit or restrict the use of composts that are

Mixed wastes passing through a flail
mill (top) are pounded to bits with
steel flails. The processed waste, ready
to be composted (middle), may be
compared with the finished product
(bottom).
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not as clean as unaltered soils and effectively
limit the types of materials that can be
composted. "Risk-based" standards, which are
more commonly used in the United States,
are derived from an assessment of available
scientific data and a policy decision about what
level of risk is acceptable.

The use of these different policies results
in very significant differences in contaminant
standards. Even risk-based standards set by
different states can vary widely, due to both
scientific uncertainties and differing opinions
as to what constitutes an adequate margin of
safety. "Class I" compost, which may be used
anywhere, without restriction, may contain up
to 500 parts per million of lead in Florida, but
in New York it may contain no more than 250
parts per million.

To deal with a surge of interest in mixed-
waste composting and help municipalities
make decisions about tolerable levels of con-
taminants, the Cornell Waste Management
Institute helped set up a team of experts in
process engineering (Thomas L. Richard),
policy analysis (Ellen Z. Harrison), toxicology
Qames W. Gillett), plant science (Peter Wood-
bury), economics (David J. Allee and David
Kay), and communication (Clifford Scherer).

Toward a Better Understanding
of the Composting Process
Composting is a ubiquitous process that con-
tinually recycles dead organic matter in field
and forest. Perhaps because it has been taken
so much for granted, scientific understanding
of the process is quite limited. To address this
knowledge deficit, the Cornell composting
program encourages research on the techni-
cal aspects of effective composting.

The composting process involves promoting
conditions in which microorganisms can
degrade organic matter. Oxygen, moisture,
and temperature are important variables.
Typically, composting is done in windrows
(top), which may be enclosed in buildings
for greater control. Turning the compost
makes the process more efficient; a
specialized windrow turner (center) may be
used. When mixed waste is composted, it is
important to monitor contaminant levels; at
bottom, the author and colleague Peter
Woodbury take samples.
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One focus of attention is the source of odors
that are generated when composting processes
become anaerobic. Odors are the most com-
mon reason why composting facilities are
closed, so the control of odors is crucial to their
success. Multidisciplinaiy research now under-
way involves Larry P. Walker and Tom Rich-
ard, of the Department of Agricultural and
Biological Engineering, and James M. Gossett
of the School of Civil and Environmental
Engineering. With financial support from a
number of sources, they are looking for odor
precursors that might provide an early warn-
ing of impending odor formation, and work-
ing to develop processes that will control this
problem.

The Application of Compost:
Making Use of the Final Product
If composting is done right, it not only re-
duces the amount of solid waste that goes
into landfills and incinerators, but also pro-
duces a valuable product for use in soil
amendment. Like any other marketable
product, compost must meet the needs of
its users. To make sure that it does, John H.
Peverly and his students in the Department
of Soil, Crop, and Atmospheric Sciences are
examining the effects of compost applica-
tions on soil, water, and plants in the west-
ern part of New York State's Finger Lakes
region. County-based Cooperative Exten-
sion associations cooperate in this project,
providing valuable local perspectives. Other
partners who make both financial and tech-
nical contributions are the Western Finger
Lakes Solid Waste Authority and the Com-
posting Council, a national trade association.
At the same time, Clifford Scherer, an associ-
ate professor in the Department of Commu-
nication, and Kenneth H. Cobb, a senior
extension associate in the Waste Manage-
ment Institute, are studying the ways in
which local opinion leaders make decisions

The addition of compost increases the
organic content of soils, helping them to
hold moisture and retain nutrients, as well
as aiding in the suppression of fungal
diseases. Composts can be used in
agriculture (top), commercial horticulture
(middle), and in residential or institutional
gardening and landscaping (bottom).
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about environmental issues, and what role
public-policy education can play in helping
to create informed judgments.

This and other Cornell research is dem-
onstrating many benefits of using compost,
including a potential to reduce fungal diseases
and increased crop yields.

Working with People
Who Can Make a Difference
Putting research results in the hands of local
and state decision makers is an integral part of
the Cornell Waste Management Institute's
composting program. Statewide conferences
and regional workshops bring together exten-
sion agents, local government officials, con-
sultants, and agency personnel. A composting
short course is offered at Cornell. Videos, writ-
ten materials, a data base of local programs,
and a home-study course are among the out-
reach tools that are available for those who
can use them.

Extension associate Jean F. Bonhotal has
made a special effort in the area of youth
education. Not only are children the deci-
sion makers of the future, but they can also
help to educate their parents. Composting
is an excellent topic through which to teach
children about biology, environmental is-
sues, and the responsibilities of citizenship.
The Institute's educational resource mate-

rials and workshops for educators have gen-
erated tremendous interest.

All in all, the Cornell composting program
owes its considerable success to an interdisci-
plinary approach that draws together a wealth
of faculty and staff resources and forges them
into an integrated program of research and
outreach.

Ellen Z. Harrison is director of the Cornell
Waste Management Institute. She has worked

for several government agencies and was an
independent consultant to the Connecticut
Department of Environmental Protection. She
was director of land management for the South
Central Connecticut Regional Water Authority
and a member of the Inland Water Commission
in Hamden, Connecticut. She holds an M.S. in
geology and botany from Cornell and has been
working for the Waste Management Institute
since 1981. In 1993 she was elected to a four-
year term on the Ithaca Town Board.

"Putting research

results in the hands

of heal and state

decision makers is an

integral part of

the... program."
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REDUCING GREENHOUSE GASES
Promoting an International Accord

"The situation,

which demands action

on a global scale,

involves political,

economic, and ethical

issues as well as

technological ones."

by Richard E. Schuler

The earth's climate is changing.
The trend toward global warming,
brought about by the increasing

emission of greenhouse gases, means greater
variability in climatic conditions. Every part
of the world is affected and the planet's ability
to support many species, including humans,
may be compromised. The situation, which
demands action on a global scale, involves
political, economic, and ethical issues as well
as technological ones.

Much needs to be learned about the effects
of particular effluents, their geographic vari-
ability, and how they can be controlled. But it
is clear that emissions are currently increas-
ing, while carbon dioxide-absorbing forests are
being cleared to accommodate an expanding
human population. Reversing these trends will
take time, and the long period between the
beginning of remedial action and its eventual
effects creates a sense of urgency. Something
must be done now.

Early this year the Cornell Center for the

Environment sponsored a two-day workshop
to explore the prospects for reducing atmo-
spheric concentrations of greenhouse gases—
carbon dioxide as well as others—through
voluntary, market-based international accords.
Cornell specialists in a range of fields were
joined by participants from other universities
and policy groups. The topics discussed cov-
ered the threat to the biosphere, why interna-
tional measures are essential, and how they
might be implemented. Tradeoffs in terms of
emission sources and sinks were explored,
along with issues of technology transfer. A
panel of experts considered the potential in-
teractions between increases in atmospheric
greenhouse gases and agriculture, transporta-
tion systems, and national politics. Several
participants presented the perspectives of de-
veloping nations. Other speakers discussed
strategies for effluent monitoring to insure
compliance with international accords, includ-
ing the development and use of remote-sens-
ing technology. The prospects for market-

In many tropical countries, the
use of fire to clear land for
agriculture releases carbon

dioxide into the atmosphere.
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In industrialized countries, the
use of fossil fuels releases carbon
dioxide as well as other
greenhouse gases into the
atmosphere.

based mechanisms to alleviate other environ-
mental problems, including the threat to
biodiversity, were discussed by the dinner
speaker, Cornell biology professor Thomas
Eisner. In all, the workshop agenda included
twelve talks and panel discussions.

The Development of Mechanisms
for an International Accord
While the extent of climate change and its
effects are imperfectly understood, it is appar-
ent that something systemic is happening to
the environment. Increasingly, scientists are
identifying physical phenomena that may be
related to rising concentrations of greenhouse
gases—effluents that affect heat transfer
through the atmosphere. Since the beginning
of the Industrial Revolution, the earth's aver-
age temperature has been rising. This effect is
not uniform, however, and climatic variability
seems to be increasing. Of even greater con-
cern is the possibility of chaotic changes. With
a continually warming lower atmosphere, deep
ocean currents might reverse themselves, rap-

idly altering local climate. Moreover, it has
recently been shown that the upper atmo-
sphere is becoming cooler as the lower atmo-
sphere warms up, and it is thought that this
phenomenon might contribute to the seasonal
loss of ozone, with its attendant increase in
radiation risks to organisms on the earth's sur-
face. A way of managing the global environ-
ment is clearly needed, and no international
body is in charge.

A framework for a voluntary regulatory
system was established, however, at a consul-
tative conference organized by the United
Nations Environmental Program in February
1992. This conference explored the role
economists might play in developing mecha-
nisms for international controls. The action
program that was adopted stressed the bot-
tom-up approach of using flexible, voluntary
mechanisms rather than the usual top-down
approach of first deciding, on the basis of sci-
entific research, what needs to be done, and
then implementing a command-and-control
regulatory mechanism. Building on the frame-
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Figure 1. Fluctuations in average
world temperature are closely
correlated with fluctuations in

the amount of carbon dioxide in
the atmosphere. At present, both

world temperature and carbon
dioxide levels are higher than at

any time since the appearance of
the human species.

work devised at the conference, a draft proto-
col has evolved into a joint project that I car-
ried out with Daniel Rubenstein, a professor
of ecology and evolutionary biology at
Princeton University, and Thomas Heller, a
professor of law and international studies at
Stanford University.

We believe that for an international pro-
gram of action to have any chance of suc-
cess, it must be comprehensive, flexible, and
voluntary.

A comprehensive program would simulta-
neously encourage a variety of initiatives, in-
cluding a reduction in the emission of all green-
house gases—not just carbon dioxide—and an
expansion of forested land.

A flexible system would be ready to accom-
modate new technology and scientific knowl-
edge, and be able to adapt to unforeseen cli-
matic events. It would also allow different
nations to respond differently, according to
their circumstances; for example, one country
could reduce industrial and automotive car-
bon dioxide emissions while another could
eliminate slash-and-burn agriculture and a
third could reverse its depletion of tropical rain
forests.

Voluntary participation—a practical neces-
sity, since no legal mechanism can force a coun-
try to participate—requires that each nation
perceive an international governance mecha-
nism as not only beneficial, but equitable. Less-
developed nations have little incentive to curb
incursions into their forests when industrial-
ized nations continue to spew emissions into
the atmosphere at ever-increasing rates. Equity
must be defined over several dimensions that
either stress or benefit the environment; these
include population, level and nature of emis-
sions, and acreage of vegetation, particularly
trees.

The protocol we proposed on the basis of
these criteria was presented at an international
meeting in January 1994, and formed the ba-
sis for discussion at the Cornell-sponsored
workshop a few weeks later.

Sketch of a Possible Protocol
for Voluntary International Accords
Although all nations obviously have a stake in
reversing the trend toward atmospheric deg-
radation, the situation is markedly different
for highly developed and less-developed coun-
tries. Industrialized nations now have the
greatest impact on atmospheric conditions, but
developing nations, which are striving to es-
cape the grip of poverty through industrial-
ization, have an increasing impact, and they
do not want to have their growth curtailed.
Developing nations have little incentive to
agree to limits on emissions unless their fu-
ture economic needs are provided for. They
must have fair leverage in the negotiations and
the subsequent implementation of the proto-
col, and must be assured of benefit both early
in the management process and in the future.

A useful starting point for designing a pro-
tocol for the reduction of greenhouse gases is
the Montreal Accords, designed to limit fu-
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ture emissions of chlorofluorocarbons (CFCs).
(CFCs are the principal cause of the growing
hole in the ozone layer and are also green-
house gases.) Although the Montreal Accords
establish a schedule of phased reductions for
all nations, they allow for some flexibility since
they are reviewed and revised periodically as
additional scientific information and atmo-
spheric observations become available. A
mechanism for addressing the broader prob-
lems of impending global climate change re-
quires further provisions, however, in order
to meet the criteria for comprehensive and
equitable measures. The protocol must involve
a majority of the world's nations, not just the
chief current contributors to the problem. And
furthermore, low-cost monitoring techniques
must be developed and a self-enforcing sys-
tem of penalties for noncompliance must be
instituted.

To be comprehensive, all activities that may
increase or decrease atmospheric concentra-
tions should be given equal value for equal

effect. A weighting scheme should account for
the relative impact of emissions of each green-
house gas, and of deforestation. It should also
determine credits for reforestation. Over time,
as scientific knowledge improves, these weights
could be adjusted—a possibility that would
give nations an incentive to invest in research.

One way to give all nations an equitable
stake in the process from the outset is to begin
the schedule of phased reductions at a high
level of emissions. All nations could be given
an initial endowment of emissions permits,
equivalent on a per-capita basis to the average
of the emissions of the five most industrial-
ized countries. Thus, the initial allocation of
permits would be determined by the product
of the two factors that constitute the greatest
environmental problems: the large per-capita
net emissions of industrialized nations and the
large populations of many less-developed
countries. After that, every country would be
subject to the same annual percentage reduc-
tion in the initial endowment. The already-

Figure 2. In addition to carbon
dioxide, other gases such as
methane, nitrous oxide, and
chlorofluorocarbons (CFCs)
contribute to global climate
change. The release of these
gases has increased rapidly in the
last fifty years.
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The proposed accord would
begin by letting all couuntries

release as much greenhouse
gases as the most industrialized

nations, and then the limit would
be lowered equally, as necessary.
Less industrialized nations could

take the opportunity to
industrialize, or sell unused

capacity to other nations.

l i b BEGrlN, THE H6IGHT OF THB BAR 15 TMg 5AM£ FOR

industrialized nations would find the proto-
cols binding early in the process, and the less-
developed nations would not feel the pinch of
the phased reductions until later. An additional
benefit of the program would be the incentive
for each nation to limit population growth,
since the endowment of permits would not rise
along with future population.

Equity could be enhanced by allowing na-
tions to exchange their emission rights. The
developed countries might seek to continue
their economic growth by purchasing the un-
used rights of less-developed countries, weigh-
ing the climate change-related costs of con-
tinued growth against its potential benefits.
Correspondingly, the less-industrialized na-
tions would have to weigh the advantage of
receiving current monetary payments against
the disadvantage of future environmentally
induced restrictions on the nature and extent
of their economic development. This arrange-
ment would foster an early beneficial devel-
opment: a less-developed country would have
a powerful incentive to limit deforestation at
once, since that would provide additional emis-
sion rights that could be sold currently. Swaps
of permits over time might also be accommo-
dated. For example, a nation might "borrow"
against its future emission permits in the hope
that future scientific findings will indicate a
less dire situation, allowing an upward revi-

sion in the number of emission permits. But if
wrong, such a "debtor" nation would have to
repay its obligations in the future when per-
mits were even more expensive. Thus, bluff-
ing would be penalized.

A major advantage of a system of trad-
able permits is that it has a built-in regula-
tory mechanism. The effects of new scien-
tific knowledge and changes in the costs of
reducing emissions or expanding sinks will
constantly be reflected in the actual price of
trades. What must be decided by the world
community is how much importance to
place on current and future emission reduc-
tions in view of the risk of global climate
change. This will determine the initial
schedule of phased reductions in the num-
ber of outstanding permits.

A protocol of the sort I have outlined would
have the important advantage of giving each
nation a maximum degree of control over its
destiny. Each nation could determine how best
to meet its current and anticipated obligations,
adopting those technologies that utilize its
particular resources most effectively. Further-
more, a system of tradable permits might alter
substantially the way technology transfer oc-
curs: instead of the industrialized nations palm-
ing off, in aid packages, technologies that were
designed for them, the less developed coun-
tries could have some say in the sorts of tech-

28 Cornell Engineering Quarterly



nology they wanted, since by holding permits
that were valuable, they would have the cash
to demand the technology they preferred.

Mechanisms for Implementing
an International Accord
Operation of the system could be facilitated
by an international agency, such as the United
Nations, that would provide current informa-
tion and function like a market clearing agent
for permit trades. This agency could also func-
tion as a kind of central bank, able to provide
additional regulation of emissions through
open-market buying or selling of permits. Such
a capability would also deter any tendency a
nation might have to engage in strategic gam-
ing. The costs of monitoring for possible
cheating could be minimized by the establish-
ment of a low-cost, worldwide remote-moni-
toring capability. Furthermore, these agree-
ments could be self-enforcing if the value of
each nation's permits in the marketplace were
"risk-rated" in accordance with that nation's
historic record of compliance. Thus, nations
that emitted more than allowed by their exist-
ing permits would find the trading value of
their future permits greatly depreciated.

Many details need to be worked out, but a
treaty and a protocol acceptable to many coun-
tries might very well be implemented if it were
perceived to be of value, and therefore fair, to

all parties. By encouraging discussion and
sponsoring workshops such as the one that
took place earlier this year, Cornell's Center
for the Environment is seeking to hasten the
day when such an accord becomes a reality.

Richard E. Schuler is a professor in the School of
Civil and Environmental Engineering and the
Department of Economics as well as senior fellow
in the Center for the Environment. He joined
the Cornell faculty after receiving the Ph.D.
from Brown University in 1912. He is
interested in the interface between engineering
and the public sector, where the technical
problems of design and analysis meet the social
problems of economics and politics. In addition to
his academic experience, Schuler has held several
managerial positions in industry and has served
as a public service commissioner for the state of
New York. He has chaired a congressional
advisoiy panel on competition in the electric
utility industry, and he organized ComelVs
Waste Management Institute. More recently, he
has been working with a group of Cornell
graduate students and the Eastman Kodak
Company to explore the feasibility of establishing
an environmental accounting system for internal
managerial control, and he has lent his talents to
the search for solutions to the problem of global
climate change.

uMany details need

to be worked out,

but a treaty and a

protocol acceptable to

many countries

might very well be

implemented if it

were perceived to be

of value, and

therefore fair, to all

parties."
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