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The following article appeared in the May 1997 issue of Geofines magazine.  It is
reprinted here with  permission.

Federal  Lands  and  the  Geosciences

By David Applegate,  Director of Government Affairs, American Geological Institute,
4220  King  Street,  Alexandria VA 22302-1502,  applegate@agiweb.org

The geosciences have long played an important role in the development and
management of the nation's public lands.   For much of that time, the principle
geoscientific contribution  has been  identifying and assessing natural  resources,
particularly mineral and water resources.

In recent years, however, that traditional role has been de-emphasized as land
managers shift to an ecosystem management approach.  This shift represents both
an opportunity and a challenge for geoscientists, who must demonstrate anew to
policy-makers the value and relevance of their work.   We face this challenge on the
state and local levels and in the federal arena.

Uncle Sam]s Turf

Over time, federal public lands included as much as 1.7 billion of the nation.s 2.3
billion acres.   The federal government has gradually relinquished control of 1.1
billion of that expanse to states, tribes, and individual citizens.   Federal public
lands, however, still constitute 625 million acres, or 28 percent of the United States.

The majority of these lands are managed by the Department of the Interior through
its Bureau of Land  Management (266 million acres),  Fish and Wildlife Service (87.5
million acres), and National  Park Service (78 million acres).   The U.S.  Forest
Service in the Department of Agriculture oversees 191  million acres.   The
remaining federal lands are controlled by defense-related agencies.

Federal lands have always been located primarily in the "west," although the
definition of what constitutes western land has changed over time.   The Northwest
Ordinance of 1787 ceded title to all lands between the Appalachians and the
Mississippi from the original  13 states, giving land and hence influence to a central
government newly empowered by the Constitution.

For the next century, western expansion was accompanied by legislation designed
to encourage settlement and development of newly acquired lands.   One law from
that period still on the books is the Mining Law of 1872, which codified the already
common practice of staking ownership to mining claims.   By the end of the 19th
century, however, growing concern about over-expansion and the loss of pristine
areas had led to the establishment of the first national parks and wildlife refuges
and subsequent passage of the 1906 Antiquities Act barring private ownership of
artifacts taken from public lands,



I The Politics of Longitude

The tension between the development of resources and the preservation of pristine
areas has intensified in  recent years.   Political debate over land-use policy tends to
have a west vs. east flavor rather than breaking along party lines.   History and
geography have combined to create this longitudinal divide.

Mining law reform is a good example.   Eastern Republicans such as Prep.
Shervood  Boehlert (P-N.Y.)  have opposed  legislation  introduced  by western
Republicans such as House Resources Committee Chairman Don Young (R-
Alaska).   Politicians from the more populous east (often joined by their West Coast
colleagues) tend to view federal public land as communal property, whereas
intermontane westerners see it as land held in common waiting for a specific need
to be found for the use of it.

Over the past 30 years, preservationists have steadily gained ground.   The amount
of federal land available for mining declined from 75 percent in  1968 to just under
30 percent in  1994.

To see the preservation vs. development tension, consider the highly contentious
debate over the Arctic National Wildlife Refuge.   The Alaskan delegation in
Congress and many others view this wilderness as empty space with a potential
billion-plus-barrel oil  reservoir beneath it,  but Interior Secretary Bruce Babbitt and
environmentalists refer to this same piece of land as the "American Serengetti.. and
last stretch of pristine arctic coast.

Both groups can point to scientific information that supports their views -- a
reminder that science does not and cannot control land-use policy.   But science
can inform the debate.   Policy-makers, however, will choose which scientific
information they value as the foundation for their decisions.

Breaking with the Past

The traditional  role for geologists with  respect to public lands has been conducting
resource assessments for minerals and hydrocarbons.  These assessments are a
required part of every forest management plan prepared by the Forest Service and
every range management plan produced by the Bureau of Land Management.

Policy-makers saw the need for such assessments as a security issue -- ensuring
adequate national reserves of oil and strategic minerals.   Since the end of the Cold
War, however, Washington has progressively lost interest in this issue.   Despite
concern raised over U.S. dependence on unstable foreign sources of oil and
minerals, cheap gasoline and a perceived abundance of most minerals combined
to push energy issues off the collective political radar screen in the recent election.

Protection of the environment, however, was a pillar of President Clinton's
successful re-election campaign.   The administration's much-touted
accomplishments included two high-profile efforts to stop mining operations in  Utah
and  Montana.



No wonder the traditional resource role of the geosciences has become suspect,
and budgets have been slashed for conducting such assessments.   Although the
Wilderness Act of 1964 specifies that all lands withdrawn from use under the act
are to be periodically surveyed for valuable minerals, such studies are rare
because they are perceived as the first step toward future development.  The
exception is the collection of minerals data associated with cleanup of abandoned
mine lands,  an activity directly tied to environmental priorities.

Informing Ecosystem Management

The marginalization of geologists' traditional resource assessment role has been
accompanied by a shift toward using ecosystems as the basis for managing federal
lands.   The environmental sensibilities of the Clinton administration are reflected in
the decision to pursue ecosystem management as the principal land-use policy
tool for federal lands.

Scientific input focuses necessarily on biologic resources,  but geology and
hydrology are critical to understanding why the biological resources are where they
are and how the ecosystem functions.  With nonrenewable resource assessments
increasingly devalued, geoscientists must convince policy-makers of the broader
utility of the information they provide.

The inclusion  of the former National  Biological  Service in the  U.S.  Geological
Survey has been seen by some as a threat to that agency, but this merger may be
the best chance yet to educate biologists and policy-makers alike about the value
of what geoscience can contribute to the new style of land management.  As the
importance of geoscientific information to understanding ecosystem processes
becomes recognized, geoscientists may again play a central  role in supporting
public land-use policy.   Perhaps this greater awareness will in turn lead to a new
recognition of the ongoing need for resource assessment, allowing our profession
to continue contributing to the many uses of the nation's public lands.

I
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Coastal Environments under Stress
Coastal regions in the United States and around the world are under increasing

pressure as a result of growing human populations, pollution from vast watersheds
draining to the sea as well as direct discharges, loss of valuable habitats, increased
demand for recreation, and over-exploitation of natural resources (renewable and non-
renewable).  Approximately 130 million people-more than half of the total U.S.
population-reside within 80 miles of the coast.  And, coastal populations are growing
faster than the U.S. population as a whole.  They are expected to reach 165 million by
2015 0VOAA,1998).

After decades of experience with coastal zone management in which continued
degradation of coastal ecosystems and resources has generally been the rule, there are
efforts to integrate management approaches (including resource use and environmental
protection) more effectively and meet "the challenge of sustainable coasts" (Heinz
Center,1998).  In this position paper, I will briefly review why coastal ecosystems are
particularly valuable, summarize some principles to guide sustainable management, and
reflect on how these principles bear on the exploitation of an important non-renewable
resource of the coastal zone, offshore and coastal oil and gas.

Valuable Ecosystem Services

My colleague Robert Costanza and his collaborators have estimated the economic
value of the services nature provides in a paper published last year (Costanza et al., 1997)
that generated considerable media attention and stimulated much debate within the
environmental science and economics communities.  They used a variety of methods to
calculate the current economic value of 17 ecosystem services for 16 of the world's major
environments, ranging from grasslands to the open ocean.  Services evaluated included a
few that are traded in economic markets, such as production of raw materials and foods
and recreation, and many others which are not, including the regulation of the
atmosphere's gas composition, natural waste treatment, and the provision of habitat and
refuge for valued wildlife.

Costanza et al.'s mid-range estimate for the worth of these services is $33 trillion
per year, a figure about twice the globe's gross national product (GNP) using
conventional economic accounting.  While there are those who would criticize this
estimate as either deprecating the priceless of nature or exaggerating its strictly economic
value, the point of their exercise was to underscore the fact that ecosystem services are
indeed incredibly valuable, tend to be taken for granted, and often lose out to market-
based considerations in decisions faced by society.  As a result, actions are take which
impair these ecosystem services and we end up having to pay more to replace the lost
services.
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Notable in Costanza et al.'s estimates is the importance of the oceans and the
environments around their margins, which together account for 68% of the value of
services provided by all the world's environments.  Even more striking is that coastal
environments, including continental shelves, estuaries, seagrass beds, coral reefs, and
tidal marshes and mangroves, comprise only 6% of Earth's surface but provide 43% of
the biosphere's valuable services.  Important coastal ecosystem services include those
with which we are reasonable familiar, such as seafood production, habitat, recreation,
and buffering the effects of floods and storms, and others of which the public is largely
unaware, such as nutrient cycling.

Lisbon Principles of Sustainable Governance

As a contribution to the Independent World Commission on the Oceans, I
participated with a group of scientists and policy experts in a workshop in Lisbon,
Portugal, in 1997 that considered sustainable governance of the ocean from the
perspective of ecological economics, i.e. managing human economic development while
preserving essential ecosystem services.  We recently published a viewpoint in Sct.c«ce
that articulates the Lisbon Principles, embodying the essential criteria for sustainable
governance (Costanza, et al.1998).  These principles are seen as forming an indivisible
collection of basic guidelines governing the use of all environmental resources, including
but not limited to marine and coastal resources.

Principle 1.. Responsibility.  Access to envi[orimeutal resources cz\rries a;ttendant
responsibilities to use them in an ecologically sustainable, economically efficient, and
socially fair manner.  Individual and corporate responsibilities and incentives should be
aligned with each other and with social and ecological goals.

Pr!.#cJ.p/e 2..  Sca/e-A4cr/c„!.#g.  Ecological problems are rarely confined to a single
scale.  Decision-making on environmental resources should: [1] be assigned to an
institutional level or levels that will maximize information about the relevant ecological
system and recognize that ecological information needs to flow between them, [2] take
ownership and actors into account, and [3] internalize costs and benefits.  The appropriate
scales of governance will be those that have the most relevant information, can respond
quickly and efficiently, and are able to integrate across boundaries.

Pri.#cip/e 3..  Precaw/i.o#.  In the face of uncertainty about potentially irreversible
environmental impacts, decisions concerning the use of environmental resources should
en on the side of caution.  The burden of proof should shift to those whose activities
potentially damage the environment.

PrJ.#ci.p/e 4..  j4dcrp/i.vc Mc[#clgeme#/.  Given that some level of uncertainty always
exists in environmental resource management, decision-makers should continuously
gather and integrate appropriate ecological, social, and economic information with the
goal of adaptive improvement.

PrJ.#cJ.p/e i..  Fw// Cos/ i4//oca/j.o#.  All of the internal and external costs and
benefits (social and ecological) of alternative decisions concerning the use of
environmental resources should be identified and allocated.  When appropriate, markets
should be adjusted to reflect full costs.

Prf.»cf.p/e 6.   Par/f.cj.pc7/i.or}.  All stakeholders should be engaged in the formulation
and implementation of decisions concerning environmental resources.  Full stakeholder
participation contributes to credible, accepted rules that identify and assign the
corresponding responsibilities appropriately.
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Application to Coastal and Offshore Oil and Gas Resource Exploitation
Extensive oil and gas exploration, development and extraction have taken place in

several coastal areas of the United States over the past 60 years.  These regions range
from the extensive coastal wetlands of Louisiana, to the continental borderlands of
Southern California and lower Cook Inlet, to the coastal tundra and ice-covered nearshore
zone of the Beaufort Sea (North Slope), and to the increasingly deep waters of the Gulf of
Mexico (where exploratory wells have been completed in up to 2,800 in of water).
During the last 25 years, coastal and offshore oil and gas development has been
embroiled in controversy regarding its environmental impacts.  As a result, most of the
offshore region, the so-called Outer Continental Shelf, of the U.S. is under a moratorium
prohibiting further leasing and exploration, under an Executive Order by President Bush
that was recently extended by President Clinton.

Oil and gas development on the continental shelf has actually resulted in few
demonstrable, long-tern effects on the offshore environment (Boesch and Rabalais,
1987).  Platfoms do alter the environment by providing high-relief and hard substrates
that attract fishes and result in biodeposition on the seabed by the attached fauna.
Discharges from drilling and production activities in deeper waters have not resulted in
contamination that could cause serious biological effects, particularly if they do not
contain oily residues.  There has been a remarkably small amount of oil spilled from
offshore exploration and production, as a fraction of that produced.  Despite that record,
the fear of oil spills has been the most significant objection to OCS development by
regional and national environmental opponents.  Other significant concerns have been
related to aesthetics (the disruption of ocean vistas) and collateral coastal impacts.

Indeed, impacts on coastal ecosystems as a result of both offshore and coastal
zone oil and gas development have been more severe and longer-term than those in
offshore environments (Boesch and Rabalais,1987).  These impacts include extensive
modification and loss of coastal wetlands along the Gulf Coast due to canals dredged for
well site access, pipeline transportation, navigation for the supply infrastructure and
support facilities (Boesch et al.1994).  Physical alteration of Arctic coastal habitats has
also occurred.  Pollution, in the form of release of drilling fluids and cuttings and oily,
fomation waters, has also had more serious consequences in shallow, confined coastal
waters that are less subject to dilution and dispersion of waste streams.  Until recently, a
significant amount of formation waters produced in offshore waters of the Gulf of
Mexico was actually separated from the oil and discharged into estuarine waters for
logistical reasons.  Ironically, these estuarine discharges were subject to less stringent
controls that they would have been if discharged into the less sensitive offshore
envirorments.

To a large degree, the coastal impacts suffered and the opposition that now blocks
future offshore development resulted from the lack of application of the responsibility
principle.  Until recently, corporate interests did not recognize responsibilities to mitigate
or compensate for environmental impacts.  The branches of government responsible for
resource development have been not only separated from those responsible for
envirormental protection and renewable resource management, but also often incoherent
and at odds with them.

There has also been considerable mismatch in the scale of decision-making.
Permits for oil and gas exploration and development activities within the Louisiana
coastal wetlands were considered one at a time:  the economic value of the nourenewable
resource was thought to clearly outweigh the value of a few acres of wetland.  But, this
attitude failed to consider this issue at appropriate spatial and temporal scales.  There
were thousands of such permits and the cumulative effects of the wetland losses have
been synergistic rather than just additive.  Economic exploitation of the nourenewable
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energy resources over a 50-year time period accelerated the deterioration of these sinking
deltaic wetlands and loss of the renewable resources they support by a factor of ten
(Boesch et al.,1994).  Yet, there were steps that could have been taken. at a cost of a
mere fraction of the value of the energy resource produced, that could have substantially
reduced this impact.  We have also failed to understand and apply the scale-matching
principle at the national government level as well.  Few of the many billions of dollars of
bid bonuses, rentals and royalties generated for the Federal treasury have been applied to
reducing or mitigating the impacts-the costs and benefits have not been internalized.

While in the early days there was little cautionary control of coastal and offshore
oil and gas development, one could argue that today, at least outside of the historically
producing regions of the Gulf of Mexico, development of offshore oil and gas resources
is frozen by precaution regarding potential environmental impacts.  Carried to its extreme
the precautionary principle will prevent actions for resource exploitation as long as there
is any uncertainty or risk.  The occurrence of an oil spill, however unlikely, is a risk that
is just not worth taking, some would argue.  Of course, scientific information should be
used to quantify risk and uncertainty, but the degree of uncertainty one is willing to
accept is a social and political and not a scientific decision (Boesch, in press).  In that
regard, I believe that the governmental agencies responsible for coastal and offshore oil
and gas development have failed to develop a scientific community of expertise that is
highly credible, because they viewed the acquisition of technical information as a
procurement challenge rather than a cultural one.

One could argue that oil and gas development, with its substantial and long-term
capital commitments, can not easily be subjected to adaptive management, in which
management policies change as more information is gathered and integrated (Holling,
1978; Hilbom and Walters,1992, Lugwig et al.1993).  Who would be prepared to make
the massive investments if the ground rules are subject to change?  However, adaptive
management can be viewed in both the long-term strategic as well as the short-term
tactical sense.  How could environmental performance be monitored and results used to
modify leasing policies and permit requirements over the long-term?  How can flexibility
be provided in operational permits that allow both more stringent and more liberal
adj ustments of requirements?

Full cost allocation sounds great in principle, but is difficult in practice.  With no
resource sector is this more true that with fossil fuels, where there are environmental
consequences not only in the region of extraction, but also with regard to air quality and
the global climate.  Unfortunately, the global energy market does not reflect the full costs
of the use of the commodity.  To varying degrees in different countries, this is
compensated for by high taxes that can then be used to offset non-market costs.  In any
case, we need to do a much better job in quantifying the full costs of energy extraction
and consumption, including those falling on non-market, ecosystem services.

Particularly over the last 20 years, substantial effort has been expended by
management agencies to engage stakeholders and other citizens through environmental
impact statements, scoping meetings, etc.  Perhaps because opposition had hardened by
feelings that offshore oil and gas development was being forced on regions by the federal
government, these efforts have not resulted in the kind of participatory decision-making
embodied in the participation principle.   Still, it should be clear that under present and
future conditions, exploration and development could not proceed without effective
public engagement and accommodation.

While the implied criticisms to a large degree deal with past practices and
environmental management of coastal and offshore oil and gas development has certainly
improved, the lessons still apply.   We could still do much better if those managing and
exploiting oil and gas resources, those entrusted with the stewardship of coastal and
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marine ecosystems and resources, scientists trying to infom the process, and advocates
kept the Lisbon principles firmly in mind.
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MEETING SOCIETAL RESOURCE AND ENVIRONMENTAL REQUIREMENTS
FOR THE 21ST CENTURY

GLOBAL UNDISCOVERED  NONFUEL MINERAL RESOURCES

Issues and Positions-Talking Points

By:

Joseph A. Briskey, W. David Menzie H, and Klaus J. Schulz
U.S. Geological Survey

Reston,  Virginia

•    Mining of nonfuel minerals is indispensable.

Minerals are an essential source of new wealth that cannot be created from
the sale of services.  h fact, a!! of the material wealth of a nation is generated
when the manufacturing and construction sectors create products from the
essential raw materials provided by mining and agriculture.  There is no
other way.

Without nonfuel minerals for the construction, servicing, maintenance,
repair, and replacement of the complex infrastructure and multitude of
products that support our modem civilization, most of us would be dead or
dying in a few months.

•   United States and world consumption of nonfuel minerals is growing.

Charts showing this growth with time and population for total consumption
(one chart) and for per capita consumption (second chart).  Indude
projections into the future.

•   Americans want less mining in the United States.

Mining of nonfuel minerals, whether by open pit or underground
excavation, pumping from a drill hole, or even simple evaporation, is
opposed by many, if not most, Americans, largely because of both real and
perceived environmental effects.   This opposition is reflected explicitly or
implicitly in national resource, environmental, land-use, and fiscal policies.
Examples indude:

•. Absence of a contemporary coherent national mineral-resource policy.

•. Increasingly restrictive and expensive environmental requirements and
litigation for exploration and mining, and for associated environmental
mitigatiorty remediation, and reclamation.
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•. Continuing withdrawals and proposed withdrawals of public and private
lands from mineral exploration, discovery, mining, and use.

In all, over the last 10 years, these lands comprise at least 200 million acres,
most of which have never had detailed mineral surveys.   This does not
include increasingly restrictive resource management plans in place or
under development by assorted land-management agencies for public
lands still open to mineral development.   Nor does it include continuting
withdrawals of private lands resulting from ever expanding metropolitan
areas.  For purposes of comparison, the USGS and the USBM studied
about 58 million acres in support of the USFS and BLM wilderness
programs between 1964 and 1992.

•. Efforts to restrict mining through revision of the Mining Law.

•. Low and declining support for Federal minerals programs, including
abolishment of the U.S. Bureau of Mines.

Although the value of primary processed materials derived from nonfuel
minerals (360 billion in 1994) exceeds that of agricultural products from
the nation's farms and forests ($210 billion in 1994), Federal investment in
minerals programs is substantially less than 2 percent of the investment in
agricultural programs through the Department of Agriculture, even after
excluding food and nutrition assistance.   And, what is the likelihood that
the USDA will be abolished?

Low public support of the minerals sector of the U.S. economy is unlikely to
change baring an unpredicted and unlikely shortage of foreign supplies of
nonfuel mineral resources, or an equally unlikely national security threat
sufficient to restrict U.S. imports of minerals and mineral materials.

•   The United States is and will be increasing its reliance on imports of nonfuel
minerals.

Charts showing increasing overall import reliance for nonfuel minerals.

•   The world is becoming a smaller place for mining.

While mining is being variously restricted in developed countries, large parts
of the rest of the world also have been proposed, or by intemational
agreement already are, off limits to exploration and mining.  Examples
include Antarctica; the Arctic Islands; a variety of fragile ecosystems often
containing endangered plant and animal communities (e.g., tropical forests,
old-growth temperate forests, wetlands, deserts, and alpine areas); marine
coastal areas and wetlands, the continental shelves; ocean basins; and a
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variety of other scenic and otherwise sensitive regions of the world that have
been proposed or designated as international parks, etc.

At the same time, restrictions on mineral production in one region of the
world can lead to mining in other unpredicted and even more
environmentally sensitive locations.   Parallels have been cited in
international  1umber trade.

•    What areas of the world are likely to contain recoverable deposits of
undiscovered nonfuel minerals and how much is there?  What are the likely
and relative environmental effects of mining in these areas?

What is the dominant land use in these areas? Are potential environmental
effects local or global?   Are there potential effects on the U.S. environment
from mining in environmentally sensitive areas in foreign countries?   Can
these effects be greater than mining an equal amount of the same mineral
commodity in the Uhited States?  What are the relative costs and
environmental effects of miring nonfuel mineral deposits in one place and
not another?  Of mining one mineral-deposit type but not another type?  Can
these environmental effects be adequately predicted, prevented, mitigated,
and remediated?   Are mineral-rich countries willing to allow mining for
export no matter how small the environmental impact?   Will U.S. foreign
policy and relations with a mineral-rich country permit us to import their
mineral products?   At a competitive cost?

If the United States is going to rely on foreign sources of nonfuel minerals,
national leaders and policy makers will need to know the answers to these
and many other questions.   So will other governments, global financial
institutions, environmental orgaLnizations, the mining industry, and others.

•   The USGS proposes to undertake a feasibility study of an effort to identify
international cooperators and organize an international project to begin
predicting the locations, and estimating the amounts, of the undiscovered
nonfuel mineral resources in the world in national, regional, and global
environmental and ecosystem contexts.

This study will examine the feasibility of conducting quantitative global mineral-
resource assessments of the continents using a variety of irrformation from (1) all
collaborators and clients regarding the needs for, and requirements of,
quantitative global mineral-resource information, and from (2) the design and
testing of prototype quantitative assessment methods applied to selected mineral
commodities and mineral-deposit types.

The feasibility study will develop information required to design, evaluate, and
undertake future quantitative global assessments of undiscovered mineral
resources.   These assessments will assist the United States and other national
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governments,  mining companies,  and environmental organizations  in
discussing, planning, and maintaining the availability of essential mineral
resources from areas of the earth most able to withstand the environmental
effects of mining.  Among the objectives of the feasibility study are efforts to:

•.  Define immediate and long-term goals for quantitative global mineral-
resource assessments and establish minimum requirements for global-
scale assessment products.

•. Identify and begin discussions with countries and organizations involved
in international mineral-resource studies and establish mutual
collaboration on global mineral-resource assessments when possible.   A
workshop is plarmed to help facilitate this process.

• . Build on the experience gained and lessons learned doing other large area
resource assessments such as the USGS prototype national assessment of
undiscovered gold, silver, copper, lead, and zinc in the United States, and
the global assessments of oil, natural gas, and uranium.

• . Design and test one or more methods for doing a quantitative global
mineral-resource assessment for selected deposit types of strategic
commodities, including both metallic and industrial minerals.

•. Develop a prototype archive and library of worldwide commodity data, of
maps showing areas determined to be permissive for the occurrence of
undiscovered mineral resources, and of related regional geoscience data
needed for global assessment activities.  The feasibility of conducting
timely global rfuneral resource assessments will be greatly enhanced if
relevant data are available in common-format digital databases that can be
manipulated using GIS technology.

•. Locate and (or) develop global ecosystem and land-use maps and other
environmental data bases for use with the global assessment to help
identify and evaluate the relative potential environmental effects of
mining among areas predicted to contain undiscovered resources, and
thereby to plan for, prevent, and (or) reduce those effects.

I
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of the planet
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Environmental  monitoring is an activity that is essential to maintaining
human quality-of-life. Since human society depends on ecosystems to pro-
vide  breathable  air,   potable  water,  food,  fiber,   building  materials,   phar-
maceuticals, and genes,  it is simple self interest to monitor ecological  capi-
tal  and  the  rate at which  the  interest on  this ecological  capital  in  the form
of ecosystem  services  is  produced.  By  integrating the  many  existing envi-
ronmental  monitoring programs, making their methods compatible, making
their spatial  and temporal  scales complementary,  and  making the products
of these  investigations  readily  available,  an  explosion  in  understanding  of
the relationships between human society and natural systems will be possi-
ble. The boundaries of each  individual effort will  be extended by this coor-
dination,  and  the  confidence  in  each  finding will  be  magnified.  These ef-
forts  will  enhance  the  ability  to  demonstrate  the  intimate  links  between
environmental  condition  and  human  quality-of-life  and  provide  essential
quality control  for ecosystem services.

HUMAN  DEPENDENCE ON  ECOSYSTEM SERVICES

Natural  systems  provide  services  that  are  essential  to  human  society
(Westman,1978).  Those  few  functions  of  natural  systems  that  have  been
widely  recognized  as  beneficial  to  human  society  are  called  ecosystem
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services.  If society's environmental  literacy were sufficiently  high,  all  func-
tions of natural  systems  might be  regarded as services.  However, the bene-
fits  to  human  society  of a  few  services  provided  by  natural  systems  seem
clear enough.  Human  society  depends  on  (1)  capture  of solar energy  and
conversion  into  biomass,  which  is  used  for  food,  building  materials,  and
fuel; (2) decomposition of wastes such  as sewage; (3)  regeneration of nutri-
ents  in  forms  essential  to  plant  growth  (e.g.,  nitrogen  fixation);  (4)  storage,

purification,  and  distribution  of  water  (e.g.,  flood  control,  drinking  water
purification,  transpor(ation,  etc.);  (5)  generation  and  maintenance  of soils;
(6)  control  of pests  by  insectivorous  birds,  bats,  insects,  etc.;  (7)  provision
of a genetic  library for development of new foods and  drugs through  both
Mendelian genetics and  bioengineering; (8)  maintenance of breathable air;
(9)  control  of both  microclimate  and  macroclimate;  (10)  provision  of buff-
ering capacity to  adapt to changes and  recover from  natural  stresses such
as  flood,  fire,  pestilence;  (11)  pollination  of  plants,  including  agricultural
crops,  by  insects,  bats,  etc.; and (12) aesthetic enrichment from vistas,  rec-
reation,  inspiration.

Monitoring  should  have,  as  one  of  its  primary  objectives,  the  assur-
ance  that  environmental  quality  control  is  adequate  for  these  services  to
continue  indefinitely.  If  monitoring  and  environmental  quality  control  are
not adequate,  then  sustainable use of the planet  is  impossible.

Quality  control  practices  are  well  understood  by  members  of  indus-
trial  societies.  Monitoring  is  common  for  the  quality  of  blood  given  to
patients  in  hospitals,  for  milk delivered  to  supermarkets,  for gasoline  used
in  cars,  for  bagels  served  on  breakfast  tables,  and,  of  course,  for  beef
made  into  burgers.  Criteria  have  been  determined  for acceptable and  un-
acceptable  quality  in  these  and  other  products.  However,  society  is  less
used  to  setting  similar  quality  control  standards  for  complex  multivariate
systems  that  do  not  have  clear cut  boundaries  such  as  ecosystems.  Yet  if
sustainable  use  of the  planet  is  a  major  goal,  the  quantity  and  quality  of
ecological  capital  and  ecological  interest  must  be  determined  so  that  fu-
ture  generations  will  inherit.  If  society  depends  on  services  provided  by
ecosystems,   they   should   perform   within   certain   boundary   conditions.
Going  outside  these  conditions  will  affect  the  ecosystem's  performance
and,  thus,  the  quality  and  quantity  of  their  services.  These  concepts  are
challenging  matters  to  define  since  society  has  not  yet  viewed  its  planet
as  an  essential  life  support  system.  When  this  view  has  been  considered,
it has often  been  with  poetic  platitudes and  much  self-righteousness.  Soci-
ety  must  recognize  that  its  life  support  system  is  now  both  technological
and  ecological,  and  that  good  management  depends  on  optimizing  the
quality and quantity of both  sets of services, without unnecessary sacrifice
of either.

I
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COEVOLUTION

While protecting ecosystem services seems a clear enough goal, com-
plex interactions between human actions and environmental response occur
(Cairns,  1994).  Natural  systems adjust to every action  of human  society-
not  always  in  the  ways  humans  intended.  The  development  of  pesticide
resistance  is  a  key example.  These changes  in  natural  systems,  in  turn,  re-
quire human society to adjust. Not only is the fate of ecosystems dependent
on the actions of human society but the fate of human society is inextricably
involved  with  the  fate  of ecosystems.  In  short,  the  dominance  of  human
society over nature is not what it was once thought to be. The relationship is,
in  fact,  more of a  partnership.  Each  partner can  benefit or harm  the other.
Such mutual modifications are analogous to the coevolutionary adjustments
seen  in pairs of species (e.g.,  hummingbirds and flowers).

However,  the  coevolutionary  relationships that exist  between  species
pairs are often accomplished by means of harsh penalties for those individ-
uals  or  components  that  do  not  respond  rapidly  to  changes  in  the  other
component.  Thus,  coevolution  of human  society and  natural  systems  will
be less unpleasant to humans if rapid  information systems are developed to
alert human  society to needed changes.

A  monitoring  system  can   provide  an  early  warning  of  deleterious
change in ecosystems. However, this warning must be coupled with a suffi-
ciently   high   appreciation   for  the   dependence   of  human   quality-of-life
on  ecosystem  services.  Without  convincing  links  between  environmental
change and  human quality-of-life,  it will  be impossible to influence human
practices  before  the  selective  pressures  of  natural  systems  become  too
harsh.  If environmental  stewardship fails because of inadequate monitoring
or  the  lack  of  will  to  take  appropriate  action,  human  society  will  suffer
unpleasant consequences.  Dobzhansky (1945) stated:

We like to believe that if we secure adequate data bearing on a
scientific  problem,  then  anybody with  normal  intelligence who
takes  the  trouble  to  become  acquainted  with  these  data  will
necessarily arrive at the same conclusion regarding the problem
in question. We  like to speak of conclusions demonstrated,  set-
tled,  proved  and  established.  It  appears,  however,  that  no  evi-
dence  is  powerful  enough  to force  acceptance of a  conclusion
that  is emotionally distasteful.

Assuming that human society has faith  in the results of the monitoring data,
will  it have the courage to prevent unfortunate consequences, or wait until
the consequences make action  imperative?
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This,  I  suggest,  is  the  context  in  which  environmental  monitoring  for
regional,  national, and global  needs should  now be viewed.  Everyone must
abandon  the  polarizing views  of human  society's  relationship with  natural
systems  and  substitute  a  relationship  of  one  system  coevolving  with  an-
other.   Monitoring  should  furnish   information  suitable  for  making  policy
and   management  decisions  to  optimize  the  multivariate  coevolutionary
systems  which,  together,  constitute  society's  life  support  system.  Monitor-
ing  should  also  furnish  information  about  the  linkage  between  environ-
mental  condition  and  human  quality-of-life.

TECHNOLOGICAL  VS  ECOSYSTEM  SERVICES

ln   my  earlier  writings  on   biological   monitoring  (e.g.,   Cairns  et  al.,
1970a;b;  1977;  Cairns  &  Dickson,1973),  I  envisioned  an  environmental

quality control system that would permit use of nondegrading environmen-
tal  assimilative  capacity  of societal  waste,  thereby  protecting  the  integrity
of  natural  systems  but  simultaneously  taking  advantage  of  their  services.
This  would  permit the  coexistence of a technological  society with  natural
systems and  permit humans to enjoy both worlds (Cairns,1996).  In theory,
this relationship of keeping technology sufficiently restrained so that it does
not imperil  natural  systems  is still  possible,  but the outcome is more uncer-
tain  than  it was  when  biological  and  environmental  monitoring was  in  its
infancy.

Before the agricultural  revolution, during the hunting gathering period,
one  could  reasonably  state  that  the  life  support  system  for  humans  was
essentially  ecological.  Since  the  agricultural  revolution  and  subsequently
the  industrial  revolution,  increasing  numbers  of people  have  become  de-
pendent on  technological  services to deliver food  and  energy and  to treat
waste materials.  Catastrophic disruptions,  such  as earthquakes,  hurricanes,
floods, and the like,  have shown  how much even temporary disruptions of
technological  services  can  affect  the  well-being  of  human  society,  espe-
cially locally.  Disruptions in ecosystem services are less obvious when they
are  incremental,  or  ameliorated  by  an  overlay  of technological  services.
For  example,  the  loss   in  flood   buffering  capacity  along  the  Mississippi
River  is  a  sorely  lost  ecosystem  service,  but  is  only  experienced  directly
once every  100 years.

Significant  numbers of people believe that technological  fixes can  be
found for any and all environmental  problems.  However, current estimates
of the cost to  replace all  ecological  services  by comparable technological
services are sobering. Avise (1994) estimated that the cost of replacing eco-
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system  services by technology and/or managed ecosystems  in  Biosphere 2
was  a  staggering $9  million  per person,  per year.  Achieving a  balance  be-
tween  the  provision  of ecosystem  and  technological  services  will  require
both  continual  information  about  natural  system  condition  and  a  willing-
ness of human  society to  improve and, when  necessary,  restrain the deliv-
ery  of  technological  services  in  order  to  prevent  unacceptable  levels  of
damage to the delivery of ecosystem services.

DEVELOPING  ENVIRONMENTAL MONITORING
POLICY OPTIONS

lf human  society  acknowledges  its dependence  on  an  ecological  life
support system  and  simultaneously acknowledges that the system's capac-
ity  is  finite  and  cannot  indefinitely  meet the  demands  of an  ever-growing
population,  then  five  basic  policy  options  for  human  society  are  possible
(Cairns,1993):

1.     Continue  environmental   degradation  and   population   increases  until
some sufficiently unpleasant selective pressure  is exerted. Some would
argue  that  there  is  already  abundant evidence  that  crucial  thresholds
have been  passed, but others deny this.

2.     Develop a  no-net-loss of ecosystem  system services policy but do not
attempt to  regulate  increases  in  population  size or per capita  level  of
affluence.

3.     Exceed the standard of no-net global,  regional, or national  loss of eco-
system  services  but  permit  both  population  and  levels  of affluence to
continue to  increase.

4.     Stabilize  human  population  with  concomitant  no-net-loss  of  produc-
tion  of ecosystem  services.  This  is essentially the definition  of sustain-
able use of the planet if one does  not equate  increased affluence with
increased  energy  consumption  and  increased  production  of  material
goods.  Perhaps  a  more  accurate term  than  aft/uence  is  net resot/rces
used  per  unit of product produced so that  recycl.ir\8 would  then  not
increase demands on resources even though affluence would  increase.

5.     Stabilize human population and its demand on resources and exceed a
no-net-loss  of ecosystem  services.  This  is  the  only  scenario  in  which
things are environmentally better than they are now are. Options 4 and
5   both  permit  sustainable  use  of  the  planet  as  it  is  generally  inter-
preted; options  1,  2,  and  3  almost certainly do  not.

Regardless  of  the  option  chosen,  environmental  monitoring  will  be
essential  to see  if the option  is compatible with sustainable use and to see
if the systems are functioning as expected.  For example,  it  is possible that
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human  society  could  still  get  sufficient  ecosystem  services  with  either  half
the ecosystem  area  or with  a  500/o decline  in  production  of ecosystem  ser-
vices.  If  this  is  true,  it  is  worth  confirming.  If  it  is  not,  the  earliest  possible
warning would  be  highly desirable.

THE  RISK-UNCERTAINTY  PARADOX

Yet  another  consequence  of  the   increasing  scale  of  environmental
problems  is  an  increase  in  the  uncertainty  of  the  predictions  of  environ-
mental  outcome and  consequences. Tolerance of scientific uncertainty and
tolerance  of  risk  are  both  proper  subjects  for  debate  before  decisions  are
made  in  an  environmental  workshop.  However,  they  are  linked-acting
with  an  intolerance of uncertainty often  demands a  high tolerance for risk.
If the  consequences  are  severe,  one  should  be  willing  to  act  even  in  the
face of high  uncertainty.  Impairment of ecosystem  services certainly seems
to  fall  in  this  category.

Traditional   health   and   industrial   monitoring   systems   produce   both
false positives and false negatives.  In an environmental  monitoring context,
a false  positive  is  a  signal  that some deterioration  has occurred  in  the sys-
tem  when,  in  fact,  it  has  not.  A  false  negative  is  the  absence  of  a  signal
when  unacceptable  changes  in  quality  have  occurred.  The  earlier  use  of
sentinel   species  yielded  false  positives  if  the  sentinel   species  was  more
sensitive  to  a  particular  toxicant  than  were  the  resident  species  and  false
negatives  for  some  other  toxicant  for which  the  relative  sensitivities  were
reversed.   Reductions  of  errors  can  be  accomplished  by  a  better  under-
standing of the system  being  monitored  and  by  multiple  lines of evidence.
Integration of environmental  monitoring programs will  provide both.  In ad-
dition, some attempt is being made to re-address the balance between false
positive  and  false  negative  errors  in  risk  assessments.  Traditional  scientific
approaches  control  false  positives  at the expense  of additional  false  nega-
tives;   this   may   be   inappropriate   in   a   risk  assessment  context  (Shrader-
Frechette,1993).

ENVIRONMENTAL  MONITORING  l=OR  SUSTAINABLE  USE

Developing  a  monitoring  system  so  that  ecosystem  services  essential
to  human  society's  well-being  are  maintained  is  quite  a  different  activity
than  merely  protecting  natural  systems  for their  own  sake,  although  both
activities  are  laudable.  Acknowledging  human  society's  dependence  on
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Thcrcforc, in order to achieve sustalmbility at
some  point,  a  balance  mus( exist  bctwccn
ccoloctal dcs(ruction and rcpalr. Because the
prcscnt  rate  of ecological  destruction  is
unique in human his[oly, now is the time ro
attcmp( to achieve a halancc, while the quali-
ty of life is s(ill reasonably high and some rel-
atively pristine ccosystcfns arc available to use
as  models.  Of course,  human  error will
al`irays produce such destruction as accidental
oil spills and other ecological catastrophes. In
some cases,  natural  rccovcry will  heal  the
danagc;  ho`ircver, as sources of rocolonizing
spccics diminish and ac more widdy scpa[at-
ed gapgraphically,  managed  recovery or coo-
logical  restoration  will  bc  essential.  The
Natioml Research Council (20 recommends
beginning  this  process  of restoration  a(  a
modest levd for aquatic ccosys(efns.

Cairns  (20  dcscribcs  five options  for
human  society  regarding  its  relationship
with  the cnvironmcnt,  only t`ro  (stabilize
human  population  and cxercisc  no-net-loss
of ccosystcm  scrviccs,  which  would  then
maintain a status quo on ccosys(cm services

per capita;  and  stabilize hufnan  population
growth and rcstorc ccosystcms at a grcatcr
rate than destruction, which would improve
ccosystcm  services  per capici)  of which arc
likely to  result  in  sustaimbility.  Both  of
these options would prcscndy bc regarded as
visionary bocausc they involve stabilizing the
human  population  and lcvcl of afflucncc
(which is not nccesarily closely correlated
with quality of life) and rcpalring ccosystcms
at the same rate as they arc damaged or an
even grcatcr rate for a certain period of dmc.

Condition 4.  Management smtcctcs for
sustalnability must allow natural  proccsscs
such as sucocssion,  evolution,  predator/prey
rehionships, and the like to condnuc.

The mchincry of nature has adjusted
over  literally billions  of years  to  continual
change.  Al(hough  the  changes  in  spccics
composition  may be  impcrccp(iblc within
human  time  frames,  they are often  quite
dramatic   in   geological   time   frames.
Ecosystem  function  (and  delivery  of scr-
vices)  may be  relatively stable with  regard
to turnover in species within an ccoystcm
if (hcrc  is  substantial  redundancy within
the  ccosystcm  (i.c.,  rcplaccmcn(  spccics
with  similar  function).  However,  the  ra.c
of change and  increasing fragmentation of
ccosystcms  might  well  ncgatc  the  advan-
tlgc§  of  functioml  rcdundincy.  The
rcsilicncy of natural systems is sufficient to
ovcrcomc  these  changes,  which  arc  often
(no pun in(ended) glacially slow. Howcvcr,
human-ini(iatcd pcrturbations (such as per-
sistcnt  (oxic  chemicals  with  no  natural
counterparts,  habitat  fragmcn(ation  on  a
lngc  scale,  and  a very  high  rate  of spccics
impovcrishmcnt) have devclopcd with such

CQ_q|_glen.t.erj.§§_...Sustainab.ility

rapidity tha(  na(ural  systems arc  umblc  to
function as (hey normally would.

God/ 4.  To  dcvisc  a  bcttcr bilancc  in
mcc(ing short-(crm and long-term nccds of
human society.

Condition.  Short-term  human  nccds
may not bc  met  if doing so  cndangcrs  (hc
planct's ecological life support sys(cm.

The  csscncc  of sustainablc  use  of (hc
pta.net is to give a far higher priority to Long-
tcrm needs than has been given in the histcr
ry of human society.  In csscnc€, Short-term
needs might be denied or postponed if they
cndangcr long-(cm needs. This is a difficul(
position  (o  achicvc  and  sccms  almost
unchinhablc in a sociey that insists on needs
being met immcdiatcly.  Howcvcr.  if some
attention  is  not given  to  this  issue,  natural
forces (23,24) will almost ccrtainJy advcrscly
affect human society and dcprivc many indi-
viduals of pcrccived needs.

Subeondition  I. If a world food shor(-
age  dcvclops,  grains will  bc shifted  from
domcstiated animals to humans, rather than
convert more mt`ml systems to agriailurc.

Converdng more mat`ml eystans to agri-
culture is an exainplc of placing shor(-term
nccds ahead of long-(crm nccds. A rcccnt
a\\`-ialc .\n  Scicntif ic American (25)  tecom-
mended convefring `rastcland to agrioulcunl
use  to solve China's  food crisis.  While  not
cxplicidy stated in the ardclc, chc impression
is  convcycd  that  w&stcland  is  land  not
intcnscly used by htLrmn society, but dearly
used by other species. Wasecland so defined is
land going ro was.c in ecms of human use,
but it is not `rastchnd if other species and
ecosystem services arc valued.  In short,  the
term wasteland would bc inappropriate if this
land wcrc  providing ecological  scrviccs  for
socicty's  life support system.  For example,
wctlands convereed to agricultunl pufposcs
would  no  longer store  flood waLtcrs  and
rclcasc them gradually into cithcr surface
`ira.crs or groundvAter, thus chancing both
the amplitude and dundon of flood peaks.
This storage and fchase arc dcfinieely ccosys-
cam ser`hocs.  However,  this tyranny of small
decisionsrflling in 1 wedand hefc and than
on a vast drimgc basin-ecms radoml unul
the aggrqptc cfroct of a large number of srmll
decisions  is considered.  California has elimi-
nated approrimatcly 91% of the wctla.nds
that existed thcrc in  1800  (20,  chus having
an cfect on dic amplitude of flood waters in
that §tatc. This reduchon is, of coupse,  not
the  only  reason  for floods  since  crca(ing
impervious  surfaces  such  as  roads,  roofs,
shopping rmlls with la[gr parking lots, and
the like also chLngcs funoff patcems, as docs
dccrcasing the ability of mt`ml systems (o
transpire and absorb rairmrater by losing cop-
soil and dcaraitting foocsts. Smll dccisious
considered  in  isolation from ocher decisions
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may  have  cffcccs  (oo  minor  (o  mcasurc  and
may sccm inconsequcn(ial bu(, when taJccn in
(hc aggrcgitc,  may have effects  that can  bc
measured and  arc  accompanied  by scvcrc
conseqLicnccs.

Sub-condition  2.  Society  must  not
dcpcnd on yc( undeveloped tcchnologics to
save it from the problems it has created.

This cmdition is also a paft of balancing
short- and  Long-term  nccds.  Unqucstionably,
solutions  to  problems,  particularly  [hosc
involving devclopmcn( of new  tcchnolQgics,
arc often broucht on by criscs. The dcrdop-
mcn( of the a(om  bomb  during  the  la(tcr
stages of World War 11 is a good ocamplc, or
the U.S. space program, which was developed
at a much  fas(cr Tatc  after  chc former  Soviet
Union  launched  a spacccrlf[  into  orbj[.
Dcvclopmcnt of new (cchnology docs  no(
inevitably follow a crisis; the AIDS crisis is one
such c]ca[nplc. Granted, some technological or
medical  solution  (o AIDS  may  bc  found
throuch the use of advanced technology, bu(
it will come too htc ro bcncfit many suffacfs.

God/ 5. To cnsurc that most of Ear[h's
popuJa(ion  has  (hc opportunity  for a  high
quality life.

Condidon. Hurmn population over the
long  term  must  bc  stabilized  at  a  point
whcrc  adcquatc  per capita  rcsourccs  arc
dcmoustrably avalablc.

The U.S. Bureau of lmd Management
(BLM)  has established limits to the dcusity
of cattle that may bc grazed on BIN lands.
Thcsc limits arc, of course, no( the same for
cvcry arcs bccausc some areas have 1 higher
canying capacity than others.  Ncvcrthcless,
in  practice,  carrying capacity  is  [ccognizcd
for domcsdated and scmidomestica(ed ani-
mats,  elevators,  bridges,  and  wild  animals
such as dccr and trout.  Howcvcr, society is
not wiuing to admit that biophysical laws of
nature  apply to  Home .4Pi.ou in  (crTns  of
rcsoLircc  utilization and carrying capacity.
Quality of life is no( high when the carr)ring
capacity  is  at  or  above  maximum.  This
problem  can bc observed  in  parking areas,
whcrc  pcoplc  mLLst  cnrisc  the  lot  in  search
of empty space, or when a certain  nunbcr
of individuals  arc  packed  into  an  clcvator,
cvcn  if the  number  of pcoplc  and  (heir
aggrngatc `A/cigh[ is within legal limits.

Sub-condition  I.  When  defining  sue-
[almblc  use of the  planet,  socicry can  use
quality of life as the primry criterion.

Altcrnativcly,  cstimatcs can bc  made  of
how many pcoplc an bc craJnmcd on Earth
at a subsis(cncc  level 1( any one  period  of
time.  Thcorctically,  sus(ainablc  use  of the

:'nT;urthtdqLg:`}'£feio¥£inerdi:[]ac±
would bc `.asdy diffcfent for each choice. VIu
quality or quantity bc a primly condition for
susealmablc use of the planet?
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Sub-condition  2.  Human  rights  may
no( bc mc( if (hc ecological life support sys-
(cm is cndangcrcd by doing so.

This condition is. again. part of the bal-
ancing  act.  that  is.  ignoring  the  nccds  of
future  gcncrations  by  damaging  their  life
support system  in order to  mcct the  nccds
of prcscntly  living  persons.  For  cxamplc,
destroying  a  unique  ecological  system  to

provide  a  power  line  right  of way or yet
ano(her  major  highway  will  clearly  bc
affirming  tha(  (hc  nccd  to  rcducc  (ravel
(imc for humans now living is more impor-
(an( than (hc nccd of future generations to
have a robust ecological life support system
and to enjoy its amcnitics and plcasurcs.

Sub<ondition  3.  The  majority of pco-
plc and coun(Ties on  the planet must accept
a  single  paradigm  on  sustalnablc  use of the

planet.
Get(ing most of the world,  both  coun-

(Tics and pcoplc, to aoccpt a single paradigm
sccms  an  unachicvablc  goal.  Howcvcr,  this
condition has alrcndy bccn met by the com-
mon  acccptancc  of the  economic  growth
paradigm. ALrguably, the rcluctancc to Tclin-
quish the growh` paradigm is the reason the
(crm  susciiniblc  dcvclopmen(  has  bccn
used  iustcad of the term sustalnablc  use of
(hc planet. At any ra(c, since a large por(ion
of the planet, including all devclopcd coun-
(ries and most developing countries, a( one
time  acccptcd  the  growth  paradigm,  and
mos(  s(ill  do,  i(  is  at  least  conccivablc  that
an altcrnativc paradigm could have compa-
rablc acocptancc. Since the frcc maTkct par-
adigm is still painfully under way in  Russia
and a number of other coun(Tics, this situa-
tion  is an  illustrative cxlmplc of an  cocur-
ring paradigm shift. Diamond (26) provides
a  plausible  hypo(hesis  [i.c.,  under certain
condi(ions,  a wide varicry of cul(oral cn(i-
tics  (in  Chin)  mcrgcd  to  a  rcma[kablc
dcgrcc as a result of a shared pandigm)  for
achieving a shared  pandigm  from a sizable
array  of culturally  diffc[cnt  groups.  As
always, this change wras achieved at a cost to
a number of gcncrations and cultures.

Sustainablc  use  of the  planet  probably
canno( be achicvcd with a mixtuTc of (radi-
(ional  economic or ecological  paradigms.
The cocxistcncc of a limits-(o-growth pan-
digm  and  an  unlimited  growth  paradigm
does no( sccm viable.  Further. cnvironmcn-
tal refugees arc likely to incrcasc as resources
arc  ovcrutilizcd  or  scvcrcly damaged  (or
both)  in par(icular countries.  Stemming the
flow of cnvironmcncaJ refugees (not to men-
tion political and economic rcfugces)  is liha
ly to cofrsumc so much time and cncrgy and
be  such  a  Long-(crm  manngcmcn(  concern
the(  .hc  cncrgy  necessary  for  triusi(ion  to
sustaimblc  use simply will  not bc avallablc
in time. It is disturbing that so much cncrgy
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and  rcsourccs  arc  dcvo(cd  to  placing  [hc
blame  rrdcr (ham solving  the cnvironmcn-
tal  problem  (27).  Instead of repairing cnvi-
ronmcntal  damage  that  occurred  many
years ago, socicry is cngagcd  in cndJess lcgrl
battles to see if prcscn( property owners can
bc held accountable.

God/ 6.  To  avoid  a  human-induced
episodic  cnvironmcntal  catastTophc  that
would cause much human suffering.

Condition.  When  employing  cnviron-
mcntal managcmcn( stratcgics about which
the prccisc conscqucnces arc still somewhat
uncertain,  large  protcctivc  safcry  margins
(i.c.,  either slowing  dcvclopmcn(  or carry-
ing it ou( extrcmcLy cautiously) arc csscn(ial
until  the outcome  has  bccn  bcttcr defined
and  the  conscquenccs  have  bccn  dctcr-
mincd  [o  bc  acccp(able  and  not  of long-
tcrm sustainabiliry significance.

The  sun  has  a  finite  life  span,  cvcn
though  it  is  probably  in  cxccss  of a billion
years,  and the  univcrsc will  not  last  forcvcr
(8).  Conscqucntly,  no sustainability initia-
tive should bc designed for an infinite peri-
od of time.  In  fact,  glacial  and  intcrglacial
eydcs of approrirmtdy  loo  thousand years
arc well  documcntcd,  and  managcmcnt
s[ratcgics  for sustainablc  Lisc  of the  plane(
would dcfinitdy have to be altered as a con-
scqucncc of thcsc cvcnts.  A possibility also
exists  that  the  Earth  could  bc  struck  by
objects  from outer space that would cause
dust  clouds  (o  change  (hc  Earth's  climate
and a variety of other cvcnts will occur over
which  human  socic[y  has  no  control.
However, society an control  rmny events.
For example, grcatcr protection can bc given
to  (hc other spccics with  which humans
share the planet. At the very least, the rate of
biotic  impovcrishmcn[  (i.c.,  extinction  of
spccics)  could  bc  substantially  rcduccd.
Dcvclopmcnt of Sustalnablc  manlgcment
strapgics  is also complintcd by not know-
ing when  the  rapid  rate of cx(inction of
spccics will  stop.  Some  spccics  may  have
cnomous uluc to hLlrmn society, but thcsc
values may not yet be kno`rm, or the species
thcndvcs fnay bc ufinown because inven-
tories of much of the  Earth's  biota aLrc still
inadequate. The problem is, of course, that
short-(crm bcncfits accrue to those now liv-
ing,  who  take  risks  with  the  planetary life
support system,  but  the conscqucnccs  of
unwise  decisions  arc  likely  to  bc  cndurcd
mostly by future gcncrations. ThcrcfoTc, the
type of dcvclopmcnt  based on  a frontier
land  use ethic,  which  is still  al  too  prcsen(
in  human  society  globally,  should  bc
rcpLacod by a malntcnancc ethic that would
benefit both prcscnt a.nd future gcncratious.

God/  7.  To  diminish  the  conflict
bctwcen  gcncritious caused by U.S.  Social
Security  and  Mcdicarc  and  clscwhcrc

caused by (hc pcTccption (hl( future gcncr-
atious  will  lead  impovcrishcd  lives  because
of p[cscnt grccd.  (This goal  is  not  identical
to  Goal  4  bccausc  long-  and  short-term

goals may shift significantly as one ages.)
Condition. Older pcoplc must become

dccply  involved  in  sustainablc  use  of the

planet to demons(ri(c by dc€ds, not words,
the  older  gcncration's  concern  for  gcncra-
(ions to follow.

As  the number of workers decreases and
rctirccs  incrcasc  and  Social  Security  and
Mcdicarc  costs  rise,  the  perception  is  that
older pcoplc arc maintaining their lifest)Ac at
the expense of younger pcoplc. Developing 1
sustainablc  use  policy  is  the  best  way  to
demoustratc with deeds,  not words. 1 com-
mitmcnt to  the fururc or sucoccding gcncra-
tious. This devclopmcnt is a shared undertak-
ing from which younger pcoplc will  be  the
primary bcncficiaries, even  though  the older
people should take pride in this joint cfort.

God/ 8. To rcincorporate all `Irastc from
human  society  in(o  mtural  sys(cms  with-
outfv=#nggthj£`bnytch8rfusodctycomes

from nat`unl systems. Although, in one view,
human society is a part of all mtural systcfns,
in  some ways  it is apar(  from  them.  Socict)r
canno( afford  to ex(Tact  materials such  as
metals from the Earth,  use them, and  then
place  (hem  in  long-(crm  storage  such  as
landfills and chc like.  Dangerous radioactive
`Arastes and highly tonic chcmials enfiot bc
accumulated  in situntious  isolated  from the
web of lifc withou( further dcp[iving both
humans and other species of the use of this
area of the plancL

Condition  I.  Materials  that cafinot bc
safely  rcintroduccd  into  mtural  systems
should not bc produced.

A Substantial  diffcrcncc  exists  betwccn
artifacts created by humn society, such as
shopping malls, and radioac(ivc `iras(es chat
rcquirc  long-term  storage.  Difficultics  in
the Uni(ed States in clcaning Lip hazardous
waste  sites  highlight  this  dilemma.  The
unccreajn(ics assaciatcd with cffcctivc long-
term storage of hazardous wastes aJc daunt-
ing  and  not  likely (o  bc quickly rcsoLvcd.
The csscnce of sustalnal>iliry is the benign,
cvcn  bcncficial.  rcincorporation  of matcri-
als cxtractcd from natural systems back in(o
them.  If this  cannot bc done with  present
methodology, such activities arc incompa(i-
blc  with  long-term  sustainablc  use  of the
pllnct.  This  issue  is  not  an  unimportant
dctiil in the qLicst for sustalmbiliry.

Condition  2.  Assimilativc  capacity  of
natural systems shall fiot bc excccded.

Cairns  (28)  has  defined  assimilativc
capacity  as  the  ability of in  ccosystcm  (o
assimilate  a  subs(ancc  withou(  degrading
the  ccosystcm  or  damaging  its  ecological
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integrity. Cairns (2j)  has dcfincd ecological
intcgriry  as  the  maintcnancc  of the  s[ruc-
turc and  function  characteristic of a  locale.
Mccting this condition  rcquircs that assim-
ila[ivc  capacity  bc  quantified  and  that
human socicry adjust its waste disposal into
natural systems so that they remain healthy
and suitable for sustained use.

Condition  3.  To  dcvclop  robust  prc-
dictive models regarding assimila[ivc capac-
ity,  validate  thcsc  models.  and  continually
monitor  them  to  cnsurc  that  previously
cstablishcd quality control conditions based
on  these  two  prior  activities  arc  being  met
at all times.

Natural  systems  arc  made  up  of both
living  and  nonliving  material,  and  it  is  a
fi.nc gif4  do# that  all  living  ma[crial  varies.
Thercforc,  assimilativc  capacity  will  vary
within  limi(s,  and  using  i(  cffcctivcly
rcquircs  attention  to  this  characteristic. All
living  systems  respond  (o  the  aggregate  of
the  potentially stressing  materials  to  which
(hey arc cxposcd,  not to individual compo-
nents in isolation from the others, although
(his  can.  at  (imcs,  happen.  Thcreforc,  the
monitoring and  other  activi(ies  mus(  bc  at
the  sys[cm  lcvcl  in  order  to  bc  congruent
with decisions made at the sys(cm level.

God/ 9. To develop cquiry and falmcss
in rcsourcc dis(ribution within human soci-
cry  and  with  other  species  with  which  it
shares the planet.

Condition  I.  A  sufficient  majority of
humans  mus(  acknowlcdgc  the  rcaliry  of
equity  and  fairness  so  that  thcrc  is  an
inccntivc to prescrvc [hc ecological life sup-

port system for sustaimbility.
This cquiry and furncss arc best achieved

at the grass roots level rather than by govcm-
men( coercion. Govcmmcn( may some(imcs
prcvcnt  gross  damage.  but  fine  tuning
ccosystcm health  must be the  mission of all
society.  As  Pcridcs  said,  "AIl  honor  ro  him
who does more than the law rcquiTcs."

Condition  2.  Ethnic  and  racial  strife,
holy wars,  wars  over  rcsourccs,  and  other
cxtrcmely  divcrsc  political  issues  mus(  bc
climinatcd or rcstralncd so  that destructive
cncrgy can  bc  rechannclcd  into  construc-
tivc activities.

As  Diamond  (30  no(cs,  humans gcncs
arc  more  than  98%  identical  to  those  of
chimpanzccs.  The  gcnctic  diffcrcnccs
bctwccn  ethnic  groups  arc  less.  Sustainablc
use  of the  planet  will  bc  best  achicvcd  if
humans  stop  warring  on  their  own  and
other species.

Cod/ /0.  To  dcvclop  a  hoListic sustain-
ability initiative.

Condition.  Each specific or targctcd sus-
ulnability  initiative  (c.g.,  agriculture,  (rans-

portation,  cncrgy.  cities,  fisheries,  etc.)  must
not act as  if it is  the only "flower facing the

sun."  It will  bc difficult  to  orchestra(e  (hesc
special  intcrcsts  but.  ochcrwisc,  holis[ic  sus-
talnabiliry will ful.

Ethics in Action or Inaction?
A substantial  cnvironmcntal  ethic  mus(  bc
involved  in any sustainability initiative.  For
cxamplc, Anglican Archbishop John Taylor
(3/)  asked,  "Is  it  immoral  chat  the  United
States  has  to  import  over  one  half of its
energy supply?» Similarly, hc asks, "Is i[ rca-
sonablc  that  a  child  born  in  the  United
States  or  immigra(ing  (o  it  at  an  carly  age
will  probably consume  30  to  40  times  the
cncrgy  and  natural  rcsourccs  per  capita
compared to the rest of the world, and pos-
sibly  200  times  as  much  as  some  of (hc

poorest  undcrdcvclopcd  countries?"  One
common  bclicf among  those  few  mcmbcrs
of the gcncral public who  have given some
casual  thought  to  sustainablc  use  of the
planet is  chat,  by minor changes  in  prcscnt
practices,  sustaimbility  can  bc  achieved
without  subs(antivc  behavioral  change.
However,  much  of the  carly  litcraturc  on
sustalmblc use of the planet indicates tha( a
major  paradigm  shift  and  fundamental
changes  in  human  behavior,  ethics,  and
lifcstylcs  will  bc  ncccssary.  Stivcrs  (32)
espoused a nowr world that involved a radi-
cal  change  of attitudes  and  values.  Birch
and  Rasmusscn  (33)  argued  that  the  most
far-reaching  change  comes  only with  the
combination of strong pressures and a com-
pclling altcrna[ivc vision.

Making  no  decisions  tha(  would  com-
promise options  for  the  next seven  gcncra-
tions sc€ms a scnsiblc approach to formulat-
ing  conditions  for  sustainablc  use  of the
plane(. However, if a gcncration is 35 years,
this span would cover 245 years, which is a
long time for most Liuman political groups.
However, if each new gcncra(ion wcrc plan-
ming for the next scvcn, then it could adjust
to dimatc changes, altered rainfall patterns,
and other cvcnts no( forcsecn in the original
plan.  This  plan  might work cqLially effcc-
tivcly for a shorter number of gcncra(ious,
but scvcn seems an ideal number because i(
means   that  old  growth   forests,   slow
rcchargc  rate  groundwatcr  aquifcrs,  and
other slowly  rcncwing  rcsourccs  would  get
chc protection they badly need for true sus-
tainablc  use.  The  United  Nations  World
Commission    on    Environment    and
Devclopmcnt  (JD  puts  it  more  tactfully  by
stating  that  "sustainablc  dcvclopmcnt
rcquircs a change in the content of growl,
to make it less ma[crial and cncrgy-intcusivc
and  more cquitabLc  in  its  impac(."  Possibly
this rcasonabLc and modcratc vic'`ir was ncc-
cssary so  that  the  Commission  would  no(
bc  thought of as  a group  of cnvironmcntal
extremists. The  Wror4/ Scl."ifro  `V4m;.#g o
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fy#m4#;.f/,  signed  by  over  I,600  of the
world's  lcading  scicn(is[s,  was  much  more
blunt,  as  the  title  indicates  (34).  Since  this
document  was  also  signed  by a  number of
the  world's  living  Nobel  laurca[cs,  one
would  have  [hough[  (hat  this  mcssagc
would have rcccivcd major front page a[tcn-
(ion  in  the  world's  ncwspapcrs,  bu(  it
reccivcd very  little a[tcntion and  discussion
in  (hc  news  media  as  a  whole.  A  similar
statemcn[  by  the  officers  of the  Royal
Socicry  of London  and  the  U.S.  National
Academy  of Scicnccs  (j5)  wcn[  virtually
unnoticed. Orr and  Ehrcnfcld (36)  fccl that
willful  blindness  has  reached cpidcmic  pro-

portions  and  that  nowhcrc  is  i[  more  cvi-
dent  than  in  the  U.S.  Congress,  which
denying  outrigh(  [hc  still-growing  mass
scicntific  cvidcnce  about  the  deterioration
of the  Earth's  vital  signs  while  simultane-
ously attempting,  often  successfully.  to dis-
mantle environmental  laws and regulations.
Howcvcr,  there  is  a  failure  [o  distinguish
denial  from  honest  disagrccment  about
matters  of fact,  logic,  data,  and  cvidcnce
(ha(  is  a  routine and  cusrornary part of (hc
scientific  process.  Orr  and  Ehrcnfcld  (36)
feel  that  denial  is  the  willful  dismissal  or
distortion of fact,  logic, and data in the scr-
vicc  of ideology and  self-intcrcst.  Although
Ehrlich  and  Ehrlich  (37)  do  not  use  the
word denial,  they do  use the word betrayal
and,  unlike  the  comparatively  short  Orr
and Ehrcnfcld ar[iclc  (J6),  have substan[ivc
illustrative  examplcs  (o  document  (heir

position.
Thcsc  issues  bccomc  extrcrncly  impor-

tant  bccausc  if denial  and  betrayal  arc  the
problems then more scientific cwidcncc will
not help.  Kuhn  (38)  recognizes thcsc issues
when  hc states  (hat  "a  paradigm  is  a  bclicf
so  strongly  held  (hat  when  contrary  cvi-
dcncc  appears  the  cvidcncc  is  rcjccted."
Even carlicr, Dobzhansky (3j» stated,

Wc like to bclievc that if wc sccurc adcquatc
chta being on any scientific problem,  then
anybody with  normal  in(cLligcncc who  takes
the trouble ro bccomc acqinnted with  thcsc
diea `hAI neocssarily arrive at the same conclu-
sion  rcgaJding the  probtcm  in question.  Wc
like  (o  speak of conclusions  demons(ra[cd.
scttlcd.  proved  and  cstablishcd.  1[  appears,
howcvcr,  that  no  cvidcncc  is  powerful
enough  to  force  acccptancc  of a  conclusion
that is cmotionauy d.stastcful.

One  wonders  what  catastrophes  human
society  must  suffer  bcforc  the  major  para-
digm  shift  necessary  (o  achicvc  sue(ainablc
use  of the  planet  occurs.  If (hc  reasoned
approach  found  in  the    publications  of
Robert  and  collcagucs  (3.40)   is  used,
human  socicry  may  bc  able  to  accomplish
the transition gracefully.
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Global Coevolution of Natural Systems and
Human Society*

Coevoluci6n global de los sisternas naturales y la socleded humana

John Cairns, Jr.**

ABSTRACT

Humaii society has been accustomed to Lhinking of na(ural systems as entities requiring protection or
exploitatioi`. There has been much hyberbole in the presentation of t)oth views. Although people have
spoken of the deatl] of nature. it i.i unlikely that humaiii(y could eiitirely elinrinate all non-domesticated
species. Each (ime human society doe.i something. iiatural systems adjus(. not always ill ways iiitelided.
A]]d. this. ill (uni. requires human society to adjus(. This mutual modirication is analagous to coevtilutitin
seen in pairs of species.

Coevolution  between  one species  and  anoth.er is often accomplished  through  harsh  penalties  for a
component that does not respond rapidly to changes in the other component. A coevolution of human
society and natural systems will be less unpleasant (a humans if rapid ii]formation syste.ms arc developed
(o alert society to needed changes. coupled with a suffidently high environmen(al literacy to make (he
changes before the selective  pressures or i]atural systems are too harsh.

Instead of polarizing views of human society`s relationship with natural systems. to the degree possible.
this rela(ionship should be viewed as one system coevolving with  ano(her. Wild Systems must always
be  valued  and  maintained.  but  the  point  at  which  human  society  and  complex  ecological  system.i
modified by humans co-exist is where society must spend more time working on a mutually beneficial
relationship.

Keywords: coevolu(iol]. popu]a(ion grtiwth. environmental  literary. enviroi)metita] ethos.

RES UMEN                                           .

La sociedad  humana se  ha acostrumbrado  a  pensar en  los sistemas  naturales como entidades quc
requieren  protecci6n  y explotaci6n.  De  ahi' se deriva mucho de  lo  hip6rbolo en  la  presentacj6n  de
ambas observacione.i. Aunque la gente habla de la muerte de la naturaleza esto es improbable ya que
la  humanidad  deben'a eliminar  por completo  todas  las  especies  silvestres.  Cada vez la sociedad  se
ajusta  un  poco  al .`istema natural. no siempre de manera predeterminada.  Esta inutua modificaci6n
es analoga a la coevoluci6n vista en un par de especies.

* I. is a grea( pleasqre lo t]e atDoi]g those privile!.d to hotior
Dr. Eticalio  I.6pcz-Ocholcrena it) (I)is s|iecia[ issi.e or  Jb.1.ffa
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neDorics or d)y associa.ion with  Dr.  L6pez-O.hotereD..  his
coll.agucs,  atLd  his  studei)ts.  ]Btcllccltlal  stitnul.tioti w.s
skillful]y CODI.iDcd with gracious hospitality! This dedicatory
tDli]us.lip( w.a prepaltd as iT I weft Eivil)g at)o(her s.nib.r
•t the invitatiol) oT  Dr. L6p.z-Ochoter€D..

•.  Utiiversity  Distinguished  Proressor or Et]viroDDCDt.I
Biology EtDeritus. Departmct.I oT Biology. Vingini. Pot)rtechDic
]Dstitute ai]d .Sue UDivcrsity. Blacksl]ung. VA 24061 USA
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La  coevoluci6n  entre  una  espccic  y  tim  cs    a  mciiudo  ctimpctitiva  per  haber  dir]cultades  en  un
c(7mpoiiente clue no responde rfpidti a los cambios en lt)s demds |.omponentes.  U[ia coevolucidn de
ltl .`c`c`iedad  humana y el  sis[ema i]atural  puede  ser mentis desagradable  para el  hiimbrc. si  la
informaci6n del sistema se desarr{`lla tan r{ipidti para alertar a la stlciedad dc la necesidad di` cambici.
al  I.ar de  contar con  uno educaci6n  ambici`tal  Iti *uficieiitemente  fuerte  par.1  hacer  los  canibio.`
neccsario.i an[e  la  presitin selecliva del sislema iiatural.

En  cambio  dcsde  el  puiito de vista  de  las sociedadcs  huiiianas lag  relaciones  de  polarizacii`n  i`t)n  el
sistema i]atura]` en el grado que sea posible. estas relaLioncs podran .ser vistas ct`Ii]o un sistenia quc
cocvolucioi`a con o(res. I.os sislemas si]vcstres simpre dcbcraii se valorados y so.`Lenidos. I)ero llas(a
e]  »ivcl  en  qu:  la sociedad humana  y la i`tlmplejidad ectil6gica en  la niodirlcacitin  de]  sistema iitlr c]
honibre coexjs[a hasta el grado qile la socii.dad pueda devolver maytir tiempt` de trabajti parii llcgar
a una  relaci6n  dc muluo beneficio.

Palalmis Cliive: (`oevoluci6n. desarrc`llo poblacional. educaci6n ambiental. 6tica ambiental.

Thi. \Vorld Community may no be sumcien.ly motivated to ulidertake those steps necessary to protcc(
the #lohal environment until it I.ully nppre..iates that a failure to do so will endflnger the heal.h of  its
childem, and that of generations to come.

Noel Brown,  Ph.D.,  Director,
Nortli American Om..e, Uniti.d

Na(lobs Environment Programme

Selecting an Analogy

The  particukir  analogies  chosen  to  frame  the
discussion of global change .seem to bc a key part
in communicating the scientific view of these issues
to the wider public. Without access to the applic{ible
science t`rom many fields, the general public cafmot
fully  participate  in  the  deba(c.  Of course,  mos(
ecolotists feel tha( even (he most basic ecolodcal
concepts :Ire instrumental in enlightening the de-
ba.e ()n global change.  IIowever,  this can be  true
only  if  these  concepts  are  communic.1ted  in  a
relcvan( context.  In addition. ecologcal concep(s
must be  integrated with kev concep(s from t)ther
disciplines:  ec{inomics,  d:mography,  political
science. cultural anthropology, public polity, c(c.

()ne such ecoloctcal concept that may help shape
the debate tln dobfll change is coevolution. A `iasic
del.inili{in  of  coevolution  is  given  by  Raven  i`nd
Johnson (1986): "The simultaneous development
of €idaptations in two or more populations, species,
t]r `}ther categr]rjes that interact so closely th.it cash
is a .itrong selective force on (he i}(her." In ecoltigy,

coevolution  has  been  used  to  describe  paired
changes in butterflies zind the flowers they feed on
(Ehrlich  and  Raven.  1964),  hosts  zind  par.1sites
(Pimentel  c/  a4`   1978),  and  predat{}r  and  pre.v
(Thompson,  1986). The concept has been extended
to describe changes in more than species p:iirs. e.g.,
the reciprocal changes in agriculturzil practices and
weeds  (Ghersa cj a/..  1994).  Further,  in  cultural
anthTopology` the concep( of coevolu(i(.n has been
appropriated  to  describe  paired  changes  in  the
human  culture  and  human  genetics  (Durham,
1991). Others (e.g., Oduxp 1992) use it to describe
the relationship between human society and naturzil
`rys'ems.

The key pa.rts of the coevolution definition are that
the interacting entities must serve €rs selective I.uri.c.s
on each o(her and that changes enhance` the survivzi]
t)f each partner: otherwise, these change would n{)I
be {idaptive. Ille idea I wish to explore here is th:`t
human  societies  and  the  global  cnvironmen(
interact and shape each other.  (hat these mutual
changes cim enhance the survival of both, and that
understanding  the   mechanisms  underlying
coevolu(ion  may  enhance  the  deba(e  on  global
environmental issues.



• ;I.OPAL ( `( )EVOL` !TION

This  use  ttf lhc  term  coevolution  .o describe  the
relaljt}n.Ship  I)etwcen  human  society  :md  natural
.iys(em.i ha.i .q7me simj]aritje.i to the ( }ai:I hyprithesis

(I.t}vclock.1988). I.iving things. including humiins.
not  only  :`darit  to  physical  conditi``ns  but  .ilso
modify (hc`m in w.1ys .sometimes beneficial lo  lire.
I-Ittwcvcr. Ihcro .`re signi.ricant differences ltetween
the   prtipttsi`d  ct.evolution  :`n:ilogy  iind  (i:liii..i
hypti(hcsis (Van Valcn,1982). (}aia in:LinL:Ling (h:.l
the carlli is :i .`upr` rt)ngrcihism in which nonliving and
living  comi){)Iicnts  self-regul.ite   .t}  miiinlain  a
ctins(an( s(.ite (Kcrr`  J9#i`).  In (hc supert)rg.Lnism
analogy,  the  kc.y. coi]ccp(  is  the  pliy``iolt)giciil one
of ht)nco.sdsis. Ft)r ex.impJe. a .Steady .state in tlob:ll
cljma(c  w{7uld  ho  maintaini`d  (hrough  feedback
mcchi`nisms  in  (he  same  wily  mammLls  regu[a(c
body temperaLurc. However, .`s ()dun ( 1992) and
others (Kerr`  1988) have poin(ed out. feedback in
cco.rystems is different from physiolti{g/ because i(
has no I-ixed Lroals.

By  selecting  ztn  :inalogy  from  farther  ui)  in  the
hierarchy  of  biol{}gical  organi7kilitin  (e.g..  Cells,
org:ins`  individuals.  p{.pula(ii7ns`  ctimmunities.
ecosystems.  land.scapes,  bit.sphere.  elc.).  (he
language I)f thc` ph.vsiolodst is cxchanLred for thal
ol. the cl.olocts(. Instead t)f the (erin htime()stasis,
the  Lerm mutual ch!inge  is used. And,  instead of
any  chzinbre  (}f state  being bad  for  the  emergent
whole,  coevolution  allows  for  the  possibility  of
mutu:illy beneficial  changes.  (`{ievolution  occurs
through the mechanism I)f selectit)n. In the c:ise of
coevolution  between  human  society and  na.ural
systems.  (he  selection would  hc  among :Lltema(i-
culturfll  practices  (structures  and  functions  t`f
families. scht)ols. communi(ies of reljSt7us belief.`
g(ivcrnments  at  many  lcvcl.i.  ect)nomics.  and
iiidustries) and altermite land.seapcs. This shift in
an:ilogy :Lccommodate.i curren( th{)ugh( in the arciL
of  sustainablc  develtipment  becau.`e  mulually
honeficiiil change is possible if selective pressures
elicit   rc.ipt)n.`es   in  ltt.th   p{`rtners.   Ant}thcr
descriptit.n  of  the  inleractittn  ltetween  human
st.ciety  :.nd  n.`tural  systems  invokes  the  ch;`t}s
theory  (Kauffmall,   19t)3).   In   (his  view.   `llc
mechiinism t]f .selection  is  :iugmen.cd  try  that  t)f
sclr-tirganization.

Do  the  basic  requiremcnls  for  coevolution exist
in the  relationship be.wccn  human sociely .`nd
m`.ural  .rystems.  i.e.,  do  they  shiipe  c€ich  other?
(`crtainly` humaus have `shown a rcmi`rkablc ability
to  adapt  to  envir()nmenls  from one  pole  lo  the
other. IIuman adaptaLions to these widely varying

2'',

environments h,ive been largely behavioral r.ithcr
lh:in physit)lt}gjcal. Illis sort  t)f behavi{tral chiingi`
fa]lswi(hin some definitions t.f an ;id€ipLali`)n (c.g.`
Raven  and  John.son,   1986)  but  outsjdc`  uthcr.i
(Ricklefs,   1990).  (l]othiiig,   shelter`  rirc.   iLnd
agriculture  have  allt)wed  people  lt.  chzinLro  lhcir

physical  environments  to  .suit  thcmselvcs.  Thi``
physical restructuring of the envirtinmc.ii[ thlit is ii
cen(rat  part  of  humzin   resp()nse   to  {Ldversi`
environment,`l  c{1nditit)ns  has  progrc.`sccl  :`iid
intensified` "iking changes inore:isintly perv€isivi'.
I(tng-lasting.  and  removed  from  the  intcndi.u
modification.  Human  society  hzLs  :iltercd  "i(ur;il
ry.stems jn signirican( ways. Now. in (urn. is humiLn
societ.y  likely  to  be  shaped  hy  envirt)nment,1I
changes  thiil  it  h€is  brought  about..J  ()I.  thc`  in:inv
selectiveforcesa(play,somemaybemorceffi.c`(ivl.
than others in shaping their pz`rtner in ciicvolution.

Human Socie as a Selective Force

Ways in which humi`n socie (y has prcsenled a .`tr{in.L!
selective force to (he givbril cnvirtinmenL h:ive hci' n
listed by mm.v iLutht)rs (e.g., Ehrlich tlnd Ht)ldrcn.
1971:  Myers.   1979:  Wilson,   1988:  Ehrlich  iind
Ehrljch,1991; Natit.nat Research (`ouncil |NR(`|,
1992a: Br{iwn c/ 4/. . 1992). A few autht)rs challcl|L!c
the cau.se-effect  link  in some  of these changes in
the environment  iind  human  actitins or  dispute

:Pe:rj,ra#,#::sc:htae::=sT,:y.;,[t:c3:,;,eBv€:i,,:¥:::a:;:c,;
tti experience  dire..tly iind  to  assess  scicnlific:illy
lhan  are  ..hangres  at  the  glob:`l  level.  Even  Rii}J
(1992)  does  not  dispute  the  imp{.rtanc.e  tll.  l{)i.ill
environmental  proltlems  such  as  pttll`i.it)n.
However.  some  observed   glob:`l  tTcnd.i  :`rc
tiocurring a( rates unpreceden(cd in hist`irjc;il rccord`
arc correlated to simul(ancous activi(ies t)I human
societies, i`nd cause adverse effects in smnll .`c:Ill..
conlr{.lled experiments. Without replic€Lli. iikuicl*
to  rmnipula(e.  science  will  never  .eel  clt).`cr  ({i  :`
delcrmination ttf causation at the gloh:`l lcvcl I hiin
this.  It  is  the  projec.ion {`r  tibserved  chantres  tt.
larger seales` longpr periods, interactittns with `ithcr
mitigating t)r  potentiflting factors.  :ind  I.ulure  sit-
cia] consequences tha( is a much grea(eT source ol.
uncertainty.  Even  wi(h  room  for  responsible
scien(ific debate about causa(ion. magni(udc, iLnd
importance. there are a number of are.`s in wllich
human socie(y demoustTates a strong selei`tivc l`tircc
on the envir.inment.
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Hiihiliit Fr..gmentotion and L{}ss

[lumiili  s{)cicly  hii.i  t]ec.ii  :iltering  the  physical
``(rui.turc   til.  niitural  sys(cm`i  dram:itic:LIly  I.or
th{)u.`ands  `.I ye:`rs.  Since  the  lieginning of.  the
iigriculturi`lrev(ilutitin..igriculturalsy.stemscreiiled
hy humiin .sociel.v have displaced natural ecolttdc:ll
systems {)vcr much {7r (he ar.ible iirei` of the plani.,(.
F.vcn tt)da.v` the lo.i.i of forests in cerlain counlries`
.`uch :is Brazil.  is mt)rc likely to I)e dui` tt. cle:iring
I.i7r iigriculLural  purposes  (hiin  fr{]m harvesting ol.
timlier (NR(`..1992i`). Rates of deforcs(aLion in (he
mijs(  diverse  sy.i(ems.  wet  (ropical  I.ores(s.  iLrc
cslim!itcd  :L(  ().4  (o  2.7%  :innually  :ind  are   nt)(
rciidi].v rcver``iblc  (L}rt)wn .J/ &/..  J992).

Aiittllier example {)f precipitzilc lo.sscs in an entire
calcg{iry of habitat is we(land loss. More (h:in h.ilf
ot.  the  we.llands  (ha(  existed  in  the  coterminous
lJnitcd  StiLles  has  been  lost  since  colonial  times
(NR(..   I`J92b).  These  wetl.`nd.i  {]ncc  provided  :I
mi-a]l` l`or c{)nliLining floodw€iLcrs` clc:Lning W€(Ler.
tliid   prt)viding  (]nc'  of  the   most   prt)duc[ivc:   {}1.
hiibit!it.`  for I.i.sh €ind wildlife.

I,{i``.i or Species

Wi(h  lo.`s of habiL:u ctime.i  loss t)I. .specjcs.  ()nly iL
rough i..i(imiL(e can be made t.f how many spccic.s
cxisl {)n lhc pk`net. Erwin (1988) sugge.`ls at least
3() mjlli{in insect `<pccies and pr.ssil.ly 5() milli{.n in
(hc.  ci`Iit)p.v  `if  Lr{.pical  fores(s.  .Simberloff  ( 1986)
c.`limii[e.` lh:iL. if dc I.{trestatitm cttn.inuc.i ;`t pr.`.sent
rii(c.i un(il (hi` .Year 2txx) and (hen hal(s ct)mple`cly.
:.n cvi`nLual loss of abou(  15% .if the pkint spc.c`ics
in  ^miLzoni:`  is  ]ikcly.  If  the  fore.`t  ct]ver  \verc
I.urLlicr  reduced  to  those  areas  nt)w  sc(  asid'j  .`s

ii:irk.i :md liiolotlci.I reser`tes, 6(.7n of pl:int species
wttuld eventuflll.v disappe:`r as well zis .`lmost 69`%
til`  hii.d  *pccics  and  similar  propt>rtiom  of  I)ther
I.vpi`.i  {tl  :mimal  species.  Thc.  Nati`tnal  Biological
I nvcnl{]rv in (hc Uni(ed S(:Ltc.s i.i nt.w undcrw{Lv to
imrtruvi` kn`^vlcdtro tif the .`pccics thzil inhabit this
ct]ulitry  :ind  :ilso  imrirove  the  accur:ic.v  tif  the
c.`Ijm:L(c`.i  {)r where  the.v  zLre  iind  how  miLny  now

exi.`L  (NR(`,  lt)93).  (`arried  tiut  t)vcr :L  multi-yci`r

pcri()d.  Ihe  invcnLory  will  focilit:`(c  mt)rc  robus(
a.`lii"ile.i t}l. r{ilc.i of specie.i cxtinctit.n.
'1 hcrc i.i nt) prci.cdent within the perii}d (tr humz`n

hisiiiry  t{i  use  in  iudring  ihc  pricntial  cffecls  t.f

(hc  elcvaLed   rates  of  bio(ic  imp(]verishmcnl
currently cstima(cd. However. .some expcrimenl:il
evidence shows that losscs in species richness c:in
affec( ke.v ecos.vstem services. especiiilly the .ir]iliL.v
to  capture  sunlight  and  turn  it  into  bitimz`.`s.  Ihi`
ability  to  store  carb{}n.  and  the  :`bilily  to  recovcr
from unf.ivorablc Ch)nditions.  Naccm c/ a/.  ( 11)94)
manipula(ed   (rt)phically  c{.mplcx   (crre.`tri:tl
mes{)c.osms  :Lnd  found   tha(  mt)ri`  species-rich
asscmbl:`ge.i  pr{}duced  more  lii{]m:i.i.i  iind  .`lt)red
m{ire     carbon    ditixide     (h.in     st}ecii`*-pour
assemhlages.  Furlhcr.  thi.  rcl.ilittnship  hclwi.en
richne.`s iind |iroductivily appe.ircd linei`r, .vcl thcri`
wis nt] similar relalionship l]etwec n .spec.ie.i tic.hnL..i.i
and  o(her  imp{irtant  ec(].rvs(em  scrvicc.i  suc.h  iL*
iiutrienL   reten(ion.   dec{)mposi(itit`.  {.r  wiiliJ'r
rc(cntitin.   tn  addition.  a  summarv  til-wt)r-k

presented  iLt  lhc   SCOFF_  Cil{.hal  B:tidivi`rsily
Asscssmcnt Synthesis Ct.nfereni.e in F..hruiiry I `W4
reports  the  work  of  I):ivid  Tilmzin  :ind   .I`)hn
I)owning {m pr:`lric griissl:mds -- mttri. .`pccii`.i rii.h

pltlts  wertL.  be(tor  :Lblc  (t)  recover  I.ron  dr{}ughL
(Baskins.  1994).

A. this point, the d.atabase is tt.ti .spiirse lti idcntil.y
any cruci,il  threshold in .species richness or {in.v

general pattern between species ltt.`s :ind c`c{.system
func(ioning.   Perhaps  each  spec.je*  .`tililrjhuLi`.`
in.`rementally to the funclitining of the s.v.`lem `ir
perhaps  some   species  are   redundant.   i.c..
duplications  whose  loss  w(iuld  not  bc  crilic.:`l.
I]owevcr.   withou(   kn(-wing  which  t)I.  Lhi`si`
rekilit.n`ihips i`pply t}r ht}w miiny `spe.`ics iirl. I.cing
lost.  ii  threshold  in  spec.ies  loss  could  he  p:is.sed
witht)uL (he scientific community even heing a\v:iri`
of the event. This possittility concerns {i number {.I.

pe{iple  in species-rich Amazoni:`  it.self`  i`s well as
elsewhere in the world.  Nevertheless` it would be
ndsleading to charac(erizc this siILia(ion :Ls a mat(cr
of deep  general  concern.  11  is  difficull  I.t}r  the
average  person  to  see  h{iw  loss  ttl.  specie.i  in  ii
dist.inl  part  of the  world will  affect  histhcr  {iwn
fu(urc`  in  any direct  I.r  impor(iint  way.  Much  tir
humzln  society  thinks  `if  thi.  in:`n}J  individual
conlrihu.or.i to biodiversi.y as pests` weeds. discii.i..
carriers. t)r things that bite` seralch. tir i.rc in t`thcr
ways annt}ying. Most tif hum,in sticiely cithc.r does
not  appreciate  the  func.ional  roles  `if.  v.`ri{)us
spc..ics :is p:irl {`f a complex tiperaling system iind
must be persuaded thzil mfln.y species :.re nccc.is:.ry
ltt work c[.ficicn.ly.
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New Habitats

Hum€in societies have created new habi.als quite
different from thc)se in surrounding areas and often
different from anything that has existed before. For
example,  masses  of  heat-holding concrete  and
a.sphalt,  a dearth of plants, and the  lack of open
waters in cities have been found to result in  10-20
F differences  in  temperature  between ci(ies  and
surrounding rural areas in summer (e.g., Akbari c/
a/.`  1992). Some studies have linked local climate
chiingc from urban heat islands to local extinction
ol.  animals  (Baur  and  Baur,   1993).  Urban  heat
islands  have  also  been  blamed  for  skewing
(emperature  measuremen(s,  thus  leading  to
unwarran(ed conclusions about global temperature
trends.  Because  urban  environments  present  so
many formjdab]e obstacles to the survival of most
species (e.g., li(tle water, wide temperature swings,
little  plant  life, concentrated pollution, elc.),  the
species tha( survive will be those opportuulstic and
ctimmunal  species simultaneously  tolerant  of all
(hese  anthropogenjc  altera(ious.  ()bviously,  the
more individual stresses (o be dealt with, the fewer
species will  be  tolerant  to  all.  Erwin  (1991)  has
suggested  that  little  more  than weeds,  flies,
cockroaches,  and  starlings  may be  let(  in  these
exlreme]y modified habi(ats.

Modifying Biogeochemical Cycles

While    the    inevitability,    magnilude,    and
ctinscq Liences ol. gobal warming are debated. there
js much consensus over anthropogenjc increases in
a(mospheric carbon dioxide and methane levels and
the I)rescnce of novel chemicals in the atmosphere.
Both   n.ilural   and   anthropogcnic  activities
contribute  Lo  the  movement  of carbon  dioxide,
methane. and nitrous oxides back and forth from
fuel zmd €iir :lnd soil and water and plant :`nd ani-
rTh'Ll. ()trviously` a great change in one rate can affect
the  others,  with  poorly  !inticipated  secondary
effects.

Hydrolodc cycles have been modified extensively
by  human  intervention,  not  only  in  rivers  (i.e.,
dams,  levees,  storage  basins,  canals, etc.)  but  by
deforestation, wetland de.struction, and creation of
impervious surfaces such as roads. parking lo(s, and
roofs on  houses.  These  structures  and  activities
result in pulses of water in rivers following rainfall
that  are  quite  dissimilar  from  broader  na(ural
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pulses bo(h in ampli(ude and duration. Even with
human  intervention.  floods  occur.  Smith  (1994)
notes  that  forecas(ing  and  water  management
problems demand  an  interdisciplinary approach.
However, he also no(es in the same ar(icle that one
of the  causes of the  flooding of the  Mississippi
River in 1993 was 9obal anomalies in atmospheric
circulation.  This  observation  is  impor(an(  in  :L
number  of ways,  but,  for  the  purposes  of  this
discussion,  (here  are two: (I) dobal changes can
affect  human  society's  relationship  with  an
ecorystep such as the Mississippi River. in a major
way, and (2) however robust the models developed,
(here will always be some uncertainties tha( could
produce misery for those taking (he risk of pu(ting
dwelHngs, etc. on the floodplain itself.

Environment as a Selective Force

In  wha( ways  h.is  the  environment  presen(ed  a
strongselective force to human society? In the most
basic  sense,  life  on  the  planet  has  evolved  to
function at certain gravity, pressure, atmospheric
gas  compositions,  etc.  Gross  and  immedia(e
changes  in  these  factors  certainly  have  adverse
effects    on    organisms,     as    shown     from
experimenta(ion in space. On the local level,  the
environment stiu presents strong selective  forces
and pressures in the form of famine,  disease, or
habitat destruc(ion  from natural  causes such  as
flood,  fire,  tornado`  earthquake,  and  volcanic
activity. Human society uses an the techmlogy i(
can muster (o mitiga(e these fas(ors.

IjDiits to Population Growth?

The  human  population  continues to  grow at  an
unprecedented rat.e. Most growth is in developing
countries south of or near the equator, .ind the rate
of population increase in developed countries is.
ty present day s(andards, relatively sticht. However,
Myers  (1994)  notes  that  there  is  now  z`  much
broader consensus in science that population is a
problem.

The  relevant  term  from  basic  ecology  in  tlic
discussion of local population growth is carrying
capacity: "The size at which a population stabilizes
in a  particular place  is deflned as  the  carrying
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capacity of that place for lhzit species" (Raven i`nd
Johnson,  1986). carrying capacity depends holh on
the number of users and the intensity of per copita
use (Odum. 1992). While (here is no evidence that
the basic concept does not apply glob:illy to humans,
its  rele`'ance  locally  is  obvious  and  unpleasant.
Density-dependent  limits on growth`  such as the
availability of food :`nd potable water and di.sease
(ransmission` prtwide strt.ng selective pressures. but
these  limits  have  been  extensively  mttdiried  by
human  engineering.  -[`here  are  also  densi(y-
independen(  limits  Lo  carrying  capacity`  such  as
earthquakes`  tid{il waves,  and volcanic eruptions.
While  climate  change  has  historically  been  a
densi ty-independe nt limit, per capita contributions
(o  gltiba]  warming  rna.v  change  it  Lo  a  densi[y-
dependcnt limit. Contrari.ins have challenged the
applic:Lbility  of  the  carrying c:Lpacity concept  for

gl{tliiil  human  populalions  by  pointing out  its
chiingeahle nature locally through trade ,and othe.r
tcchniilogy  (Bailey,   1993).  However,  carrying
capaL.ity is never a static line in the sand: i[changes
as  limit.i  chzinge.  The  green  revolulion.  ba.siL`
s:`nita[itin,  and  modern  medicine  all  changed
carrying capacity by modifying density-dependeiit
lihiLs. Global warming, salinization, soil loss. and
poLlu(ion may modify bo(h kinds of limits.

Still. instances in which carrying capacity is locally
exceeded  zLre  an  unpleiisan(  and  too  common
`tccurrence:  t}ne   response  is  to  flee.  Myers

( 1993a.b).  Trolldalen  c/  a/.   (1992),  and  Westing
(lt)92)     have    described     (he    problem    of
environmental refugpes. M.ve rs estimates that there
were  ,`t  least  10  million  envirt.nmen[al  refugees
compared with  17  million  itther  refugees cau.sod
by political, religivus, and ethnic conflict.11 iswt)rth
noting  that  the  Uhiled  Nzttions  €`nd  individu€il
c{iuntries  have  lieen   notiiblv  unsuccessful  in
stabilizing  any  t)r.  thcsc  situ.itions.  although.  in
St)malia.  .`tarvatitin  was  Lemp{miril}J  :L]lcvia(cd  i`(
enormt)Lls  ec{)nomic  i`nd  milit:irv  c{)S(``.  -lhi.i  Loss
tit. .italiililv  in  human  .sociei\'  :iird  the  hrul,ilitv so
commnlyassoci:itcdwithil`h:is.inAl.rica,caised
deterior:ition of alreiidy si..ircc habitat for grorill:is
i`nd  t)thor  species   thiLt   resulted  from  mass
movcmcn(s  o[-people  in(o  arii.:ts  ill  equippr'd  to
iiccot`im(1daLe  (hem.  [n  :`rea.`  {)I.  ^L.rii::I  (ha(  arc
t.``mp"riitivc`l.v  stable   politic:illy.  pit!`chcrs  h:`vi.
i.:tiisci!  `cri{iu.i  rcductitins  in  ptipulaLi{iL`s t.I I;irgc.
:iiiiii`iil`  .LirciLd`J in  scrit.us decline.  Myers ( L9`)3ii.)

incii1i`]mLL`:ii(.hcgravestct.lecL.`iif.i.limiLLech:.nge

may well be those on hum:in migra(ion :I.i millions
of  persons  ilre  displaced  by  shoreline  er`)sion,
c{)astal flooding, and agricultural disruption.

The  United  States  and  many  other  developed
countries  have  another  type  of  envirt)nmental
refugee  --  those  affluent  individuals  choo.sing  to
live  in  areas  comparativel.v  unaltered  b,v  hum{in
society. These affluent environmental refugees ma}'
be  doing con.siderable cumulative  d:image  to  the
jn(egrity  ol.  natural eystems  by  picking  relalivcly
wild  areas  and  al(ering them  by  building  roads`
pr.wer lines, sewer lines, and water line.i.

When the carrying capacity ques(ion is :I.shed in :I
tlobal ra(her than a local con(ext, jt is transformed
into a new question about Emits (o human ingpnui(y
given a fixed  ullima(e energy .source: .solar input.
Many people believe  that  technoloScal  progress
can ameliora(e limits for an extended  time.  and.
indeed.  there  are foreseeable  technolodcal  I.ixcs
tha( couid conceivably expand the carrying caT7ali(y
of  the  earth.  For example.  the  next  zigricultur.ll
revolution   nigh(   be   faciliLated   by  gcni`lii.
endneering of more efficient food crops. IIowcvcr,
the  raw  material  for  genetic  engjncering  i``
biodiversity.  Scientists can  move  genes,  hut  thi.\'
canno( make them. If curren( rates of species Ills-.i
are  unabated.  most  of  the  raw  in.`(crial  roT
genetic€illy  improved  foods,  I.uels,  :Lnd  pharm:L-
ceuticals arc lost with them. Thus` dispara(e parts
t}f   the   globill   change    picture    interact    in
unpredictable ways.           .

The  ultimate  existence  of limi(s seems  hard  tt>
dispute  given  the  fixity  of `solar  input.i.  but  the
timing for re€iching those limits ..an hc  prcdicli.d
ttnly with uncertainty.

Ecosystem Services

N€`tural  rystems provide many scrvicc.i  to  hum:Ln
society  cithcT  free  tif chargr3  or  with  minimum
mzina5remen( effor(. These have been (t)uched uTx)n
throughou( this discussion bu( deserve rrk)re explicit
a(tcntion.  Ex.`mples of such  ecosy.stem  service.i
(e.g.. Westman,  1978: Wilson,  1988) are:

I. the caplure ttf solar energy and ct)nversion into
hitim:is.i which is used for food. buildiiig mil(crials.
find fuel.

2. (hc dec(7mp`)sition of wastes such iis sowagl`.

3. (he regrenerzLtion of nutrients in forms es!se.ntial
to pkin( growth (e.g., nitrogen fixa(itln).
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4.  .he  sl{)ragc`   purific:ilion.  iind  distribution  (lf
w€`tcr    (c..g..    t`lot)d   ct)ntrt)I.    drinkilig   water

purilicalion,  (ranspor(a(ion, c(c).

5.  Ihc grner:`(ion and  main(cnance t)I. .`t)ils.

(i. the con(r{)I ol. pests by inscc(ivor{)us birds, ba(s.
imects` etc.

7.    (hc.   provisi{)n   of   a   geiic'Lic.   library   for
developmen( ot' new foods :Lnd drugs thr{)ugh h{l(h
Mcndeljan 5relicLic`s {`nd bit)enctnecring.

8.  the mainten:`nce t)I broil(h:ililc :iir.

9.   the   c{)ntrol   {7f   both   microclimiite   and
macrt7cLimate.

10.  the  pr{)vision  of. huffcring cap:Lcily  (o  adap(
(o changes and rccovcr from niituriLl .stresses suc.h
as flood, fire` pestilence.

I i. Lhc Txilhm`ti{)ti {)I. plan(s. including {`gricul(uriLI

crops` by in.sects. ba(s, e(c.

12.  aesthetic enrichment from vistas,  recre.:Lti{)n,
inspiration.

These  ccosvstem  services  iLre  csscn(i:il  to  the
human  quality  of  life.  If na(ural  system.i  are  no
longer able to provide these services, they will have
to  be  replaced  thrt)ugh  human  engineering.
Currently,  society  is  unprepared  to  do  so.  In
Biosphere 2. the cost of providing these ecosystem
services  through  human  engineering  was  a
s(aggcring $9 milljt)n per person per year  (Avise,
1994).

These ecosystem services have been ch.ir:`cterizcd
as environmental  inlerest - they arc  lhc  paytl[.f
for  maintaining  environmental  c:ipit:il  (i.e..  the
s(ruc(Llres  of  natural  systems).  The  ccon{1mic
amlt.gy ct7ntinues  -  if one  dips  inl{i  cariiLal  b.V
de.strtiying wild habitats,  a lo.ss ttf interest can  I)e
an(icip:i(ed. Present knowledge t.f the ccosyslems
delivering these  services is not su[.ficientl.v rot)ust
•o enable €i reaisonably reliable prediction of what
the consequences will be in delivery of service.i ir
10%,  15%,  .35%`  or  50%  of  the  earth's  present
hahil:`t.i or  species are  losl  Neither docs  society
know the degree to which managed systems supply
ecosystem services comparable (o natural .ays(ems.
In addilion`  nt  the same  time  that environmental
cz`pital  is  being  replaced  with  vcr.v  different
s(ructures,  human  p{ipulatit)n  is  gr{.wiiig.  The
consequcncc  is  that  the  iimttunl  ol.  ccosyslcm
services per capita is plummeting.

llie  (erin sustainali]e use is common  (hesc davs,
and1hecondi[ionsforattainingthisstatehavelii.-i`n
defined  in  broad  strateSc  terms  (Huntley c/  "i..,
1991;  Lubchener)  c/  a/..   1991;  Risser c/ a/.,1991 ).
For example. Huntl.ey c/ a/.  (1991) include, under
sustainabiljty,  equity  and  coexistence  with  other
species and components of mankind's heritage in
a  bitilogically  and  culturally  diverse  w{trld.  The
ecol`.rical re.search agenda to suppt.rt this has licen
summarized in Lubchenco c/ a/.  ( 199 I) and Ri,`ser
t./ 4/. ( 1991 ) and prioritizes research (o understand
ch:`nges  in  cljmii[c  and  its  effects  on  ecolt)giciil

prticc.sses, pa((erns and interactions with bioli).rici`l
diversity, and bre.iking points at which ecoloSci`l
systems :`re no longer sustainable. An example of
the `'ariiius degrees of sustain:`ble use  is pr{}vided
by  Stickney  (1994).  who  discus.ses  the  varying
degrees  of  d.`pendence   upon  hiitchcrics   I.{)r
replenishing natural stt)cks or fishes. He n.ttcs lh:`l
this  call  \'ary'  from  near  total  dcpcndeni.e  I(.
eliminalitin t)I. h:`tchc`ry programs.

()f cour.se.  equating suslainable  use  to  a  set  c)I.
steady-sfate` ecoloScal conditions is naive. Holhing
(1986).  Odum  (1989)`  .and  many  others  have
pointed out the dynarhic nature. tif ect)rystems i`nd
the  low  pr{)babiliLy  ()I.  long-term,  steady  s(ate
conditions. Ct)nslan( :Ldju`sments must be made by
human  st}cic(y (o  acc`ommodate a,pisodii. .stres`ses
t)n natural systenrs. I.{)r exi`mple. during ex(remely
low  (1iiw  cronditions.  uii(hdri`wiLl  ol. \`i.iter  cannot
sinp]y bi. sl.( at  (he same levels as dut.ilig nt.rmal
and  high  tlttu'  period.i.  `iuslflifialile  use  almt)st
certainly  me€`n.i  paying  cl``sc  :`ttcnli{tn  to  the
condiLit)n :ind health tif thc., sy.stem being used i`nd
not over-stressing it cvcn ir lhis me,`ns ceasing t)I
reducing  use   I.ttr  `sub*tiinti!`l   peritids  `i[.  time.
Sus(.`inahle use will alsti mean :`djusting the  I  =  1'
x  A  x  T  c`quiitit)n   (envirtinmcn(ill  impiict   =

populatit}n X al.flucnce X techmtlogy) stt that the
multiplicative  impact  o[. thes..  three  attri`.ulc.i  {.I.
human society remain a( a level that will nt7t hi`rm
the integrity of ecb]oedca] systctns.

Coevolution in the Absence or Strong
Selective Fortes

(`oevolulitin in natural sys[cmi hotu'ccn `}i`c .ipec:ius
.`nd i`nt`[her is ot.ten the  rcsull itr har.`h  pcmillii`*
exacted  in  those  individuals  `)r  i.`}mp``ncnls  lhiil
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do  not  respond  adequately  or  with  sufficient
rapidity to alteration in the other components. In
the absence of strong selective forces like famine
and disease, what forces are ukely to change human
behavior? The coevolution of human socie(y and
natural  systems  will  be  less  stressful  if  rapid
informa(ion systems are developed to alert s()cie(y
to  needed  changes  that  are  coupled  with  a
sufficiently  high  environmen(al  literacy to acceT}t
the necessity to mflke the chantres liefore the Price
{)I. not doing so has gotten (oo high.

Pet)plc are most affected by failures in ecosystem
services  that  are  intensc`  local,  and  immediate.
However, as an environmental problem increiises
in intensity, spatial extent. and temprtr:ll extent, it
is more difficult to experience directly or persomuy.
In iLddj (ion, cause-and-effec( rela(ionships become
less obvious,  more  uncertain. and,  therefore.  Ics.i
likely lo motiva(e action. Iliese are typical features
of global  environment.il  issues.  Skjnner  (1983)
suggests  that  people  are  unlikely  to change  their
behavior  on  the  basis  of  informa[ittn  {ir  advice
€ilone. Behavioral change is even more unlikely if
the information is about a distant. future, or remote
even(;  change  is  more  likely  if informa(ion  from
the  particular  source  has  lead  to  beneficial
consequences in the pas(. As such. operant learning
is  unlikely  to  change  behavior relevant to gobal
issues (e.g.. Ornstein and Ehrtich. 1989), and i( may
be quite difficult to change behaviors without some
strong, unpleasant, concurrent pressllres. Tools to
change behavior usingonly weak selective forces
include  economic  incentives,  environment.1l
education. and aystems of ethical or reliSous belief.

I

Environmental Economics

Economic forces are a proven sy`stem for providing
rapid  feedback  necessary  to  change  collective
human  behavior  in  absence  of strong,  selective
pressures on human biology directly. However. in
order [o promote the coevolution .)f human society
wilh the natural world, (he true environmental costs
of human :ictivities have  to be expressly included
in all ecom)mjc analyses. This has no( been (he case
lo  date.  Instead.  environmental  costs have  been
relegated to the category of extcrnalitics; futures
•1Te discounted`  natural resources (i.e.` ecoloScal
capital)  are  not  depreciated.  and  the  economic
costs of waste  produc(s are  not assessed.  Recent
work  has greatly  improved  the  iibility  to  include

legitimate  environmental  consideratjt)ns  in
economic analyses (e.g., Costan7.a,  1989).

Even  so.  economic  selec(ive  pressures  cann{)(
func(ion if they are circumvented I)y governmen[i\l

policies t)r other "social  traps"  (C`ostanza`  1987).
One i)f the most dramatic illustrations ttf ii failure
in human cultural adaptation to a bioge(1chemjci`l
cycle  is  the  c.)ntinued  insistence  on  fl()t`dplain
ct}nslructi{)n in soa.eties where alternative ()pli{)ns
iire t)pen. Without enormous government subsidies`

pet)plc would no( be so eager to live on floodplain``.
Similarly,  irrigation water in some  t7l. (he wes(crn
states would not be so cheap if government did n{tt
suLisidizc both  (he building tif dams  to collect  the
water :`nd the construction {)f pipelines and canals
to (ransptirt it to places where i( would not norrmlL.\'
occur.    Gt}vernment    has    also    enci7ur.iged
del.tircstation  and  mining  of gr)vernmenl  lands`
which  might  no(  have  oceurTed  in  the  way  it did
had these lands been in private ownership. The (38
Canal  dug along the  Klssimmec`  River  pn)bflbly
would not have been built h!`d private funds been
necessary in its construction.

On  the  other  hand. `there  is  .some  evidence  lhzi.
current  economic systems  recognjzc  the vzilue  t)I.
some eco.rystem services. ( `ost ct>nsiderations havc'
promoted  the  use  of to()ls  from  "Ltural  sys(emu
rather  than  relying  on  entirely  technologic!il
solutions  to  modify  environmental  selective
pressures.  More  in(eusively  managed  eco.rystcm
services provide an altern.tive` and often cheaper.
method of providing for hum:in needs.  Examplc.s
include (he replacement of chcmjcal tcchn{ilogies
by €irtifictal wetlands to treat many kinds ot.waste.i,
such as .sewage. acid mine drainatLre. urban runot.f.
etc.  (Hammer,  1989).  Straletic  planting of lrce.i
may .save 200 bimon kilowatt hours €`nnually in the
United  States  through  modifying  micr{)clim{L(e
(Akbari c/ a/.,1992). There is also some movemen(
toward the res(oration of damaged ect)eyslerns t()
provide for ecoaystem services los( and tnissed by
human society. The restoration of the Kj.ssjmmee
River in Florida is perhaps the best known example
(NRC.  1992b).  This  Restoration  Demonstratjon
Project,  begun  in  the  late   l980s.  looked  :il
techniques and the feasfoility of restoring some of
(he  eco.ry.stem services  los( when  the  Kissimmee
was  channelized,  such  as  restoring  hydropcriod`
water quality` and habitat for fish and birds in the
Kjssimmce and the Everglades. The  NR(`. report
(1992b)tha(summarizesthisandanumberofother



(;L0BAL COEVOL` lTION

illustrations of restoration  of aquatic ecoeystems
provides  both  guidance  and  inspiration  for such
efforts.  I  had  the privilege  to serve  on  the  NRC
comrfuttee (hat prepared this report and was struck
by the enthusiasm and justifiable pride of all those
involved  with  the  restoration  projects  that  the
comndt(ee visited. This (rend toward re(uming (o
managed. na(ural systems as the technolotical fix
of  choice  can  be  seen  as  a  form  of  benign
coevolu(ion be(ween (he environment and human
society.  Both are modified to increase chances of
survival.

Envit.onmenta] Literary

Increasing environmental literacy miiy alst-. affect
hum;in behavior in the ,ibsence of strong selective
forces. Some questions inherent in the debates on
global  change  are  scientific:  Is  there  a  global
temperature increase..J Is this increase outside the
normal opera(ing range '.J How will (his affec( biotic
interactions? Other questions are quintessentially
political:  How  sure  should  society  be  before  it
expends scarce resources to ndtigate a problem?
Should society work or pay to protect other pet)ples,
other species,  fu(ure  (imes?  Who  benefits../  Who
pays..'  Some  of  these  questions  are  discussed  in
more detail below.  However,  clearly,  in order (o
be i`ble  to  participate  in the  public debate about
the  proper  course  of action,  the  general  public
needs access to  relevant scientific data as well as
p{)litical  points of view.  The  shareholders  in  the
ay`stcm especially need to understand the scientific
pr{7ccss  and  how  it  differs  from  other  human
endeavors. Yet. the environmental literary of even
the  college  student  population  seems  woefully
inadequate (Wallace tr/ a4,  1993).

Science does not prove things, but instead fails to
disprove them at some predetermined low level of
uncertainty. This is in contrast to legal concepts of
reason.ible doubt. The quali(y of scientific studies
is v.`riable, and .some are poor: however. when many
studies  from  different  researchers  provide
independent lines of evidence leading to the same
conclusion, this con.stitutes strong evidence. When
the  weight  of  scientific  evidence  supports  a
hypothesis` every alternative does not deserve equal
time  or media attention. This contras(s with  (he
equal  time  provision  for  political  parties  on
television.  When  scientific information  must  be
applied to an environmental problem that occurs

a( a larger temporal or spatial scale than humans
can practically investigate, models to extrapolate
across scales must be  constructed. These  models
will always involve  uncer(ainty.  For every chosen
course of action, th'ere are (raderoffs: if managers
are  intolerant  of  modeling  uncertainty  and
pos(pone mitigation. it implies a tolerance of risk
(hat may be exaggerated. The  appropria(e  levels
of  tolerance  for  both  uncertainty  and  risk  are
properly part of the public debate. In addition` the
uncertainties  of the  scientific  extrapolations  are
often pre.sented explicitly, while the uncertainties
of economic extrapolations are hidden.

Environmental Ethos

C.Iearly.  moral  or  ethical  components  mus(  lic
included  in  the  debate  on  dobal  change,  but  I
suspect (he number of issues in this ca(egory will
decrease  as  clear  scientific  data  demonstr:ite
human dependence on natural systems and  the
simple  self-in(Crest  at  play  in  preserving  them.
Ethical questions fall  into several categories:  Do
wild systems have intrinsic value..J Does society owe
anything [o future genera(ious? How much should
individual  freedoms  or  properties  rights  be
sacrificed for preservation of the common got7d?
How much geographic and temporal equity sho uld
there be in the distribution of environmental costs
and  benefits?  VanDeveer  and  Pierce  (1994)
provide  a  discussion  of some  of these  issues.
Certainly, it is difficult to deny.humans. who are
living on less than S I  per day, the opportunity to
clear tropical rain forests for agricultural purpt}ses
or  to deny housing for the  homeless in order  (o
prevent the loss of a sintle wetland.
There  is evidence  that  commLtni(ies of religious
beliefs have served  as the cultural transmittor of
importan(  local ccoloctcal  information and  have
protected  and  distributed  ecological  services.
Steveus ( 1994) provides examples of this concept.
In Bali, rice  (emples had for centuries scheduled
irrigation water rotations and planting cycles for
competing  farmers.  These  schedules  were
abandoned during the early introduction of green
revolution techniques.  However,  in the pre.sence
of intervening problems with pests and insufficien(
water supplies.  the  oritinal schedules have been
found to be optimal, even with new hich yielding
varieties of rice. In Benin, West Africa, .seasonal
religious  restrictions  on  fishing  techniques
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prcscrved the health of aquatic sy.items. Enli.sting
bt](h (he intima(e kiiowledge {7f the local ecosy`sLem
:lnd the int.lucnce {)f I{tc;il relidou.i institution.i h:`s

I)r`)vcn lo be an essential lool.

What Next?

Where  dtte.i  the  coevolution  :in:ilogy  for  the
re]a(i{)nship  be(ween  human  society  and  na(ural
system.`  lead  society..J  In  t]i]e  possible  pa((ern  I)I
c(tevolution,  human  society continues  to  pre`sent
strt)ng scli`c(ive  ['orces  tt.  n:I(ural  systems iind
IlaLural   sy.i(em``  may  cvcntual].v  respond  wi(h
s(rong selccLive ft)rce.i. This in.iy lead to :I shzlring
(}1. the planet only with dt)mestiL`a[ed species and a
I.ew {tthcr extremely tolerant and persistent species

(i.e.. pests)  tha( have deLied  hum:in man.`gemcnt
crf()Its. Bectiuse there will he li(tlc rcdundancv in
speciesfunc(ionleft,:Lnynewpes(ordise<tsecjutd
i.iiuse severe fluctuiilions in I`t]tid crop .wields or pest
i.t)n(rol. This pattern is analogous to the recognized
p&ltern t}f coevolution in host ,`nd pflrz.site referred
lo :is the :Lrms race (Thompson,  L986) - (he ht)s(
dcvclt}ps .i{imc  defense  iigilinst  infection  and  lhc.

rl:`r:liile c{iunters it imd hectimes more virulent, etc.
()dun ( 1992) h:`s also sugges(ed the p€`rasitc-hos(
in(idcl  for  (hc  in(eraction  between  man and  the
hit}.`phcre.  I-I(iwever.  he  points out  that the  mt)st
successful  par:isitcs  reduce  thc`.ir  virulence  and
c..i.ahlish  .`timc  rewflrding  I.cedtiack  that  benefits
their ho,i( to survi.ve over the long term. ( )therwise.
(hL`  demise  t7f  (he  hos(  means  the  dcmjse  of the

p:misilc zis well.  In :.ddition. :is resources Ilectime
*miincd (imd hum€ins already iipprt}iiriiited nearl}J
41 )`'/r (.I. the T}rt}ducts ot. photeynthcsi.i a decaide i`g`):
Vilt)usck  r/  a/..   1986),  mu(ualism.  in  which  ho(li

p:Lr(ne rs hencri(, becomes a m{7re cffecLivi. str:L(i'.LIV
I.`)r survival.  Mu(ualism would  I.cquire  (empcring
(hi`   .`trcng(h  or  (he   selcclivc   pressure.i  iind
rcspitnding  r!`pidly  lo  changes.  Ilum:in  .society
i.oul(I  (empcr  lhcir `.irulciicc  and  rcsp{)nd quickly
(tl  l`h;Ln.L!c.i  jn  nil(urzLI  svstem.`  hv  e.i(.`blishing
I.ccdhack   ln.lps.   The  ¢urrcn(   :I.tten(i{ln   ({)   i.
Iii(.in()niltirilig svs(i-in lt)I. ci.t7svstcm he:il(l] in oni.
.`pprli:lull   t`T  Jc`.el`.ping  this  t.ccdb.ick   ltiop

( ( .` ,`, `,,l.,.i,  `,.,  ` ,,.., `,`,2.) .

Vl'.hilc  hum€`n  culture  \will  ct)nlinuc  lo  resp(.nd  to
s(r`iiig sclccLi`Ji. ft7rccs sui.h ii.i famine .ind disc:ise`
llii`  p:`tlcm  ol.  c`t`c.`.{`lulion  ciinntit  I.c  .`h:`pi.d  hy
wc{ikcr  *elec(ivc  rtiri.c.i  if  thi'y  iLre  .7hsc.urcd  liy

imperfect  cultur.1l  devices.  Many ot.  the  changes
currentl.v prop()sed in the environmen(al ect)nt)mjc.i
and green enSneering address these shortci.min.us.
John (`aims. Jr.  and R.  M.  Harrison summed  Lip
some  of the  changes  (ha(  will  foster  mutu:`lism
between na(ural ays(ems :Lnd humiin s{icie(v in (heir
revised  foreword  to  (he   C,hapmin  zL.nd   H:Ll]
Envirt)nmen(:LI Management Series, for which (hey
are co-series editors  (statement reproduced with

permission of. Chapman and H.ill):

Focus is now sl.ifting from the  loricologica[ aspecls
of waste  disposal  to  the  Lalgei.  Issue  espou,sing  it
Lransttion tt) new resource use p()lLc.es that: c.t)n-
ser`]e  naLLu.al  reso..rces  and  cner.]g:  for  long-lrlm
sustainal.Ie use`. minLmiee ecolog\cal damage dunng
the  exlraclton  t}f raw  rr.atenals:  minimize  wastes
dunng production and reeyc.le as much as possible
of  lh;   wasles   produ;ed:   facililale-the   rc-
incorporation of the product inlo natural systel"s at
the  ;nd  o`f  its-life-cycle:  uise  wasles  from  one

production process as inputs  (i.e., rc[w materials`) in
some other production proces.s (a.g„ rmnicipal shidge
to agricuLLural prndycLion ). There is a ct]ncomilanl
shiil from me;edy pieventLng ohservahle deleterious
effects from potentially toxic maLertds to enhancing
eci7srvstern health and condill{]n.

While  wild  systems  must  alw.iys  be  valued  iind
miLin({iined. i( iswhere human society and complex
ecolodcal ey.stems modified dy humans co-exis( tha(
we need to spend more time working on zL mu(unll,v
bcncfici:il rcl€itionship.      .
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CONSERVATION,  The Answer To -
MEETING SOCIETAL RESOURCE AND ENVIPONMENTAL

FIEQUIREMENTS FOP THE 21ST CENTURY

Marvin P. Carlson, Nebraska Geological Survey, Conservation and Survey Division, Institute of
Agriculture and Natural Plesources, University of Nebraska-Lincoln, 68588-0517

lf the answer is "Conservation," then what is the question?  One possible Question,
I.What is the best utilization of our resources - resources of all kinds?"  Or perhaps it

is a question of priorities - "How do we choose among comfort, economic, and
environmental conditions.  Or perhaps conservation is not an answer but a
description of actions that require wise use of resources.  The question then
becomes not "What" but rather "How."

We must first understand and quantify, to the extent possible, our resource systems.
Surveys and census data are abundant.  Programs to gather ground-truth data have
provided vast data sets as to soil, near-surface materials, and topographic
characteristics.   Modern remote sensing techniques are being developed that
classify characteristic patterns of vegetation and current land-use.   However, these
efforts are largely two-dimensional and lack the depth of characterization provided
by earth scientists.  These data need to be assimilated into broader geoscience
formats that will form the basis for conservation of our integrated resource systems.

A priority will be to establish the status of the resource base (natural, people,
economic, and environmental).  This will include a geoscientific evaluation of the
natural resource system:
•            its sensitivity to utilization,
•           current and potential environmental impacts,
•           potential type and level of development, and,
•          the type and level of stress that might be placed on the system.
This compilation of data can then be integrated into the broader aspects of societal
wants, needs, requirements, and cultural priorities.

One of our most valuable resources is space -space on the surface and near-
surface of our planet.  And it is the characteristics of this space that will control our
societal actions.  Thus, control of this space through land-use policy will be the
mechanism for establishing conservation of our resources.  The scientists
responsibility is to participate in both the compilation and interpretation of data and
the implications of imposing the various options of land-use regulation and policy.
Conservation of our resources can only be achieved by effective and acceptable
land-use practices, acceptable to the scientist, to government, and to society in
general.   It is only within this framework that we can meet societal resource and
environmental requirements for the 21 st century.



AN  EMERGING  SOCIETAL  ROLE  FOR  GEOSCIENTISTS

Marvin  P.  Carlson,  Nebraska Geological Survey

Societal needs for resources in the 21st century will be based initially on comfort,
economics, and environment.   Fundamental to these objectives is an
understanding of the resource base and how it should be conserved, conserved in
the sense of wise utilization.   To carry out a program of ''resource conservation" by
effective and acceptable actions and policies will require a number of
accomplishments by geoscientists.   1) We must learn to at least coordinate, if
cooperation  is difficult, with many different audiences with highly varied agendas.
2) Geoscientists need to reclaim the image of "environmentalists" from those who
actually espouse the theme of "preservationists".  3) We must seek "Common
Ground" for our programs.

1 )   Many issues of resource utilization quickly move to confrontational and litigious
arenas.   Economics may be a factor but more often it is contrasting philosophies
that create divisiveness.   As geoscientists we should occupy the high ground
whenever possible and represent the natural resource systems.   Competing users
and savers must be bound in their commitments by the capability of the resources
over time.   Conservation, wise use of the resource including non-use, may form the
basis for conciliation.   Geoscientists can delineate this framework of mineral,
animal, vegetable,  and  particularly space.

2)   Few people are more intimately familiar with our natural environment than
geoscientists, particularly a field scientist.   By training we are comfortable with
peroeiving an issue in at least three and probably four dimensions.   We are
capable of conceptualizing not just the short-term societal gain but also the long-
term impact on the resource base.   Concepts of multiple use, reserve
establishment, and wilderness areas need to be considered as evolving policies
not just immediate decisions.   Every decision will have an impact on the natural
resource system.   As geoscientists, we should provide the factual base that
delineates these impacts.

3)  We must strive for common ground - common in both the sense of consensus
and in an acceptance that much of our resource system will be common ground
rather than privately controlled.   More and more of the land-use decisions are
controlled by regulation and legislation.   And it is by control of land use that control
of resource utilization is achieved.   Geoscientists must be a part of this "decision for
the common good" process.

What geoscientists can do

Participate, particularly in arenas where attitudes differ from your own.

Prepare, know the issues, both the real and perceived.

Collect, the background data that more fully delineate the issues.



Cooperate,  utilize your expertise to contribute and perhaps improve the
current attitudes and opinions - lt is much more effective to modify than to
confront.

Anticipate, what are the pending issues, policies, conflicts that will impact
the utilization of our resources.

Educate, take every opportunity to communicate the characteristics of our
natural resource systems and their possible reaction to development.

Negotiate, so that the real winners are the resources.

Innovate, find solutions that others, less familiar with the resource systems,
might have overlooked as acceptable actions.

Stimulate, your fellow geoscientists both  individually and through the
professional organizations to enlist as participants in the policy area of
their choice.

All areas of society must take responsible action to determine the appropriate
programs for societal resource and environmental requirements in the 21st century.
The geoscientist must effectively represent the natural resource system in this
process.

I



Natural Resource and Environmental Management Issues
and Geologic Decision-Support Tools

Emery cleaves
State  Geologist
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Natural  resource and environmental management issues require translation of

complex scientific and technical  information so that public policy officials and

the public may understand and use earth science information.   Documents that

translate such information are geologic decision support tools.   For example

identification  of conflicts between natural  resource and environmental

management issues and the need for aggregates in an expanding metropolitan

area may be assisted with a map showing lands for potential mineral resource

development.   Such a derivative map can be rapidly produced using a geologic

map.   Watershed management and planning issues related to stream protection

and restoration, flood forecasting, water supply and water quality require data

collection networks such as stream gaging networks, a tool used to collect water

flow and water volume data.   Nutrient loads in streams, a key environmental

issue, may be more accurately predicted using two tools, a physiographic map

to define hydrologic response units, and SPAPIPIOW, a newly developed

modeling technique.   Geologic decision support tools such as these, and the

systems that develop them, are critical in addressing many natural resource and

environmental  management issues.
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EF=
One of the critical ways that we will meet societal resource and environmental needs
will be through ensuring a continuing supply of good graduates able to do outstanding
Pl&D.

As an industry at the leading edge of science, technology and engineering, the
resource sector, more than most, needs ready access to world class research and
technology.   In recent years there have been a number of profound changes in the
way that P&D is delivered.

In the past decade or so, there have been profound changes in the way that research
is undertaken by the petroleum industry.  For many years, science and technology
was delivered through the medium of the in-house research and development facility.
There were several reasons for this, including tradition, but probably the prime reason
was that research and development was seen to provide the competitive edge to the
company.  As such, it was considered essential to retain control of the proprietary
scientific information that provided that edge for as long as possible.

That model no longer applies to the same extent for a range of reasons, including
pressure on costs, outsourcing and globalization.

Along with the pressures of cost reduction there was also a round of takeovers and
mergers, resulting in the combining of B&D groups and again the inevitable overall
decrease of in-house research effort.   I am not saying that this was necessarily a bad
thing, and indeed, it may well have resulted in more cost-effective science.   But it
inevitably resulted in loss of in-house research capacity in the industry overall.   In
response to this net research loss and the need to stay price-competitive, there has of
course been a trend to "buy-in" much of the research and technology innovation,
whether through outsourcing or contracting out.

The benefits of this external approach to F`&D delivery are two-fold.   Firstly, it is less
costly to the company, and secondly, and more importantly, it carries with it the
opportunity to more readily access a much wider range of external ideas and expertise.



I Is this major change of philosophy in the delivery of researoh and technology
sustainable in the long term, or are there inherent problems in the outsourcing
approach?  Paradoxically, the answer to both of these questions is yes!  Yes, it is
sustainable, but yes, there are potential problems.   It is only sustainable if we address
these problems.

There can be no doubt that the present outsourcing strategy will work for the
petroleum industry for a time.  There are experienced and bright research-oriented
scientists and technologists about, with a good knowledge of company priorities, for
they have often been trained as employees by the same companies which now use
them as external research consultants and contractors.  Also, there are many new
technologies in existence or in the pipeline as a result of previous proprietary
research and development.   But unless positive action is taken, ``outsourced"
scientists and technologists can become progressively de-skilled and outdated in a
relatively short time if they are cut off from a research environment in a company,
university or research organization.   If this happens, then they cease to be useful to
the industry and society.

The solution to this potential problem is commonly seen to lie in informal ``networking"
between researchers or through attending professional meetings and courses, and
there can be no question that these may well provide part of the answer.  But
serendipity and informal networking will not meet the science and technology needs
of the resources industry and society for more than a few years.   It certainly will not
produce a future quantum leap in our knowledge, or the development of a new
paradigm of the type that has played such a major part in innovation and industrial
development in the past 20-30 years.

But if outsourcing of research and development is here to stay, and I suspect it is,
how then do we maximize the undoubted benefits of more open access to research
and technology innovation and minimize the problem of short-termism, instability and
a lack of in-house research capability?  Indeed, how does the petroleum industry
retain the capacity to know what scientific questions to ask if it no longer has a
research capacity and is driven by the immediate and urgent needs of exploration or
production?  The answer has to lie in providing a comprehensive, well-defined and
stable structure to a scientific and technological network involving government, the
universities and the petroleum industry that will allow a strategic approach to be
maintained.

The long-term nature of oil and gas exploration and production, and mineral
exploration, with perhaps a 20-year payback period on the science that paved the
way to the major commercial discovery, does not lend itself to a "hired hand" sort of
approach to research.  Excellence in research and technology must be carefully
nurtured over a long period.  But this does not mean that the nurturing has to be done



in an ivory tower separated from the industry.   In fact, quite the reverse.   It is best
done within a science network in which the industry is fully engaged.   But the network
has to have the right structure plus a financial base that provides stability, so that in
addition to the more tactical medium-to short-term projects, we can also pursue
necessary long-term research free from fluctuations in the price of a barrel of oil, or
other short term commercial issues.   But at the same time researchers must
recognize that they will not be given a blank check by the industry.  Their research
must not only be of a high level and relevant, it must also be cost effective.   It has to
also be said that neither research, nor its exploitation, can be based on the
assumption that there will be a real and sustained increase in the price of oil.

The other trend that has also profoundly affected the conduct of research and
technology innovation, is the phenomenon of globalization.  The global resource
company can decide to have all of its research undertaken by the research group
back in the home country of the company.  This approach may be effective for some
global and generic issues or for developing a new technique that has the potential to
be universally applicable.  But there are many times when this approach is not
successful.   Reasons for this may include lack of local knowledge, an insular
approach to the problem, or a tendency to try to apply a generic approach when it is
not appropriate.  Understandably, there can also be resentment within a country
providing the resource which is excluded from the research or technology
development on which the future of the industry in that country may depend.   In fact,
as a result of outsourcing and downsizing, this is probably not a major issue as few
companies now have major in-house Pl&D capacity.

A global approach to science and technology brings with it the potential for a
company to source the best research advice, wherever it exists in the world.  This
provides an enormous incentive for the industry to ensure that networks of research
providers are truly global and wholly inclusive, so that the entire range of experience,
expertise and ideas can be accessed by the industry.  There is a further benefit from
this to the researchers themselves:  Yes, on occasions, they may be subjected to the
harsh world of competing against researchers in other countries to obtain funding, but
this also means that they are benchmarked against other groups, thus providing a
clear measure of whether their science is intemationally competitive in terms of quality
or effectiveness.

Therefore the changes that have occurred in the delivery of science and technology to
the industry have resulted in a number of benefits for the industry.   But there is no
guarantee that these benefits will be maintained or meet the long-term needs of
industry if we adopt a totally laissez-faire attitude.  What it needs is much closer P&D
cooperation between industry, government and the universities.  We need to consider
how best to achieve this?
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There is by no means universal agreement on the role of C02 and other
"greenhouse" gases in global warming.   Despite these and other uncertainties, there

is increasingly a view within the petroleum industry that it must play a more proactive
role in the issue.   Symptomatic of this is the opinion expressed by John Browne,
Group Chief Executive of BP, who commented in a speech to Stan ford University in
May 1997 that `The time to consider the policy dimensions of climate change is not
when the link between greenhouses and climate change is conclusively proven but
when the possibility cannot be discounted and is taken seriously by the society of
which we are a part.  We in BP have reached the point."  ln other words, BP (and
other companies) are considering what precautionary action should be taken right
now.  The other recent event which will have a profound impact on the oil and gas
industry is the Kyoto conference on climate change, and the international agreements
reached at that meeting on limiting C02 emissions to the atmosphere.

Drastically cutting the use of fossil fuels is not a solution to the C02 problem in the
short term, given the profound and unacceptable impact that this would have on the
global economy.   But the industry, in the partnership with government and the
research community, must together consider the issues and look for potential
solutions, so that rather than being seen as one of the villains in the piece, the
petroleum industry and particularly the gas sector could be seen as a leader in cutting
C02 emissions.

Compared to other industries, the petroleum industry generates much of its C02 at
point sources, whether at the wellhead, the LNG plant or further downstream, at the
power station.  Therefore, in some ways collection of C02 is less of a difficulty to the
sector than it is to others.  What is, of course, a problem, is how to dispose of that
C02 once it is collected.  We must now start to think more creatively about how to
dispose of C02 and other greenhouse gases.  Options include ``geological disposal"
by injection into aquifers, ocean disposal, re-use in power generation and the
chemical industry and various forms of ``offset".   Emissions trading and no doubt many
other "schemes" will require geological input.  Are we as earth scientists turning our
minds to these issues and are we being sufficiently active in the debate?  Whilst there
are some notable exceptions I suspect that overall we are not.
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The complex interplay between physical, chemical and biological processes, whether
at the micro, macro or global scale, requires that we take a holistic approach and
examine total systems rather than just one or other element of the system.   Human
activities are for the most part just normal physical, chemical and/or biological
processes yet, at the same time, they can have some distinctive features compared to
natural processes, in particular the speed or the scale at which they may occur.
Additionally, there are some materials, for example certain chemicals, and
increasingly certain genetically modified biological materials, which are entirely or
largely the consequence of human intervention.  Therefore it is not unreasonable to
see human activity as a distinctive process which has some unique features and
consequences  Together it is the interactions of these four processes, physical,
chemical, biological and human, which not only define the form of processes but also
the long-term viability or sustainability of processes and their consequences.  The
earth sciences are pivotal to understanding the interaction between these processes
because earth materials are themselves a consequence of those same interactions
and processes.   In some cases the intervention of human activity is of no
consequence either becaus-e that activity is compatible with the natural world or
because it is miniscule in scale compared to natural processes.  However, in some
cases the impact of human activity is so profound that it may call into question the
sustainability of a natural process, an ecosystem or life itself.

The concept of sustainability is perhaps flawed to some extent by the fact that there is
no attempt to build a time scale into the concept other than the mention of future
generations.   If we consider renewability we could argue that, given enough time, all
resources will be renewed and therefore, in theory at least, their exploitation is
sustainable.   But to try to set sustainability within geological time is disingenuous and
we must surely see sustainability within a human time frame which could be as little
as tens of years or as much as thousands of years.  Set against this time frame the
present generation becomes much more accountable for its actions.



As an example of the difficulties in doing this let me illustrate the problem of adopting
a long-term holistic approach to energy issues.

The impact of the use of fossil fuels on the atmosphere (increasing C02, acidification,
particulates) is well known.   But it is also a critical element in enabling us to produce
the food to feed the world's population (through intense farming:  transportation of
farm products, powering of water pumps, land reclamation and clearance), and
providing domestic water.   It has also decreased the dependence of parts of the world
on wood thus not only decreasing the over-exploitation of forests but also the soil and
coastal erosion consequent on that over-exploitation.  But it can be argued that the
energy does not have to be derived from fossil fuels with solar power providing the
ultimate sustainable power.   But if this were a practical option (and it is not at the
present time), it could have a profound impact on mineral exploitation and usage,
which would lead to significant environmental impact through dumping of used
materials unless they could be fully recyclable.  The issue of recycling is an important
one, particularly for minerals, it would in effect add an extra sliver of "reserves" to the
total picture.   But for this to be effective, all manufactured products, whether
concretes, alloys or car components, need to be designed with their recycling
capability in mind, if recycling is to be done with minimal loss of the commodity and
minimal use of energy.  Also where there is waste it should be as benign as possible.
This philosophy is starting to be accepted and the earth scientist must be ready to
play a role from the point of view of the ``design" of the full life cycle of the commodity,
because there is likely to be a need for earth materials with new specifications.

At the broader (global) scale the earth sciences are needed to determine global
physical and chemical fluxes, reservoirs, pathways and sinks; to consider these on
time scales ranging from decades to millennia and on scales of magnitude ranging
from the micro to the macro and global, and to separate out anthropogenic from
"natural" or pre-anthropogenic rates and processes.  But more than this, the earth

sciences can also provide some of the answers to many of the sustainability issues
now facing us.  Whilst there are many serious issues impacting upon the sustainable
use of the Earth's resources, there is every reason to believe that solutions will be
found, not least by the earth scientists.  Some of the issues we must keep in mind in
seeking those solutions are as follows:

We must plan on global growth but work to minimize its impact.

The sustainability of our life support system depends on an extraordinarily complex
interplay of factors affecting the availability and use of water, air, soils, land, energy
and minerals.  Geoscience is a key to this understanding and this will require better
documenting, surveying, monitoring, modelling and understanding of the system as a
whole.



For most people the important sustainability issues are not availability of metals or oil
but access to clean water, good soils, adequate building materials and a secure place
to live.   Geological education and values must reflect this and educators must be
prepared to move well outside the traditional approach to geological education, in
particular placing much greater stress on surficial geology, urban geology and
hydrogeology.

Interdisciplinarity and effective networking are essential to the future of the earth
sciences, particularly as some of the major resource companies ``downsize" and
``outsource" their science, thus placing greater reliance on external expertise.

A narrow short-term market-driven approach underlies many sustainability problems;
a broad-scale long-term market-driven approach may provide answers, but this must
take into account principles such as intra/inter generational equity, polluter-pays,
proper natural resources accounting, appropriate returns to the public and the rights
of indigenous people.   Earth scientists must be prepared to proselytize, communicate
and speak out on such issues.

Politics is short-term, whereas resource and environment issues are long-term.
Consequently we must ensure that robust institutions exist, notably national
geological surveys that are able to undertake long-term strategic geoscience
mapping, surveying, monitoring, databasing and underpinning research and
development in association with academia and industry.

The important geoscience challenges of the future are likely to be found in inner city
areas, waste dumps, low-cost bulk-commodity quarries, over-exploited farmlands,
polluted rivers and coastal swamps rather than in the beautiful mountain settings that
lured many of us into geology in the first place.

I
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ABSTPACT

Predictions of production rates and ultimate recovery of crude oil are needed
for intelligent planning and timely action to ensure the continuous flow of energy
required by the world's increasing population and expanding economies.  Crude oil
production will supply increasing demand until peak world production is reached.
The energy gap caused by declining conventional oil production must then be filled
by expanding production of coal, natural gas, unconventional oil from tar sands,
heavy oil resources, oil shales, nuclear and hydroelectric power and renewable
energy sources (solar, wind, and geothermal).

Declining oil production forecasts are based on current estimated ultimate
recoverable conventional crude oil resources which are 329 billion barrels for the
United States and close to 3 trillion barrels for the world.   Peak world crude oil
production is forecast to occur in 2020 at 90 million barrels per day.   Conventional
crude oil production in the United States is forecast to terminate by about 2090.
World conventional crude oil production will be close to exhaustion by 2100.

Sustainable world energy consumption will then have to depend on solar,
coal, nuclear, and other renewable energy sources.   Stabilization of world energy
use is forecast to begin during the second half of the next century a world population
begins to stabilize, efficiency of energy use continues to increase and conservation
becomes a new paradigm.  Policy changes can induce behavior and steer the
economy away from ultimately inferior paths to directions that are in the best interest
of society at large (Solow,1974).   Increased investments in new technologies for the
development of renewable energy sources are needed now to ease the path to a
sustainable global energy supply.
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As a person who has degrees in earth science and geology and then went on to
a Ph.D. in ecology, I am very interested to attend this conference and learn how
these sciences are interacting at a national level of science and policy.   As an
educator,  I am also interested in exploring with other participants how to more
effectively communicate ideas of finite resources to student audiences that have
never experienced a resource crunch.   Half of the students I teach now are born
in the 1980s and have no first hand knowledge of war-time scarcity or the
energy crisis.   They are trained to be voracious consumers from an early age,
and by the time they are in college, hard to convince that there are resource
challenges they should care about.   Finally, I teach a summer travel course
concerned with the interface between science and public lands policy in Utah,
currently on the hotseat in regards to wilderness designations, oil exploration in
the new Grand Staircase-Escalante National Monument, and large scale
mining and grazing operations that appear unsustainable.   I look forward to new
insights from our conference that I can share with my students.

I
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ABSTRACT

American environmental policy has developed over the last 25 years under a
preservation ethic, which is a dilemma for geologists who must explore for and
develop earth resources for society. Geologists have a professional responsibility to
provide the earth resources, upon which society absolutely depends, in a society that
values uuspoiled scenic vistas more than the earth resources they contain. Recent fed-
eral elections have amplirLed public debate over the appropriateness of current envi-
ronmental laws and policy. Impacts of environmental preservation policies are seen in
a decline in standard of living, in lack of consensus on priorities, and lack or science in
risk management. In order to sustain society's needs for earth resources, we must
reexamine  our  stance  about  environmental  standards,  and  develop  a  holistic
approach to balancing societal needs for resources with sceietal desires for a pleasant
physical environment. Human health and safety should be our most important goals;
recreation and esthetics are of Lesser importance to most or the world's population.

THE PROBLEM

Environmental pdicy and law in the United States have been
driven by a preservation ethic for more than 20 years but have
come under increasing criticism in the last few years for per-
ceived  excesses  detrimental  to  personal  proper(y,  individual
rights, and economic progress. Many of these issues are being
fought out in the Congress and in court as this is written. Rhetoric
on both sides is strong, but the media, which had favored envi-
ronmental preservation, are now more equitably examining issues
and effects Ovard, 1993).

In recent years grassroots onganizations favoring individual
rights, private property rights, and resource conservation have
risen to challenge environmental preservation organizations in
the legislative process. Legal challenges (o environmental groups
and assessment of litigation cos(s for frivolous complaints are
now being instituted (The Anchorage Times,  1993).  Questions
about cost/benefit ratios and special interests now are routine. and
there are frequent challenges to soft or poor science underlying
popular issues. Zealots and their excesses have pulled the entire
environmental  movement  and   its  hard-tough(  gains  under
scrutiny. Some of these gains have been unquestionably good for

the nation and all its people, but there is a backlash as fringe
groups strive to press their agendas upon an increasingly percep-
tive and unwilling public. Congressional review of major envi-
ronmental laws a( any time may either improve the effectiveness
of the legislation or simply change direction and focus of envi-
ronmental law.

In consequence, it is absolutely necessary to reestablish the
basic tenets of a national environmental policy that preserves an
acceptable quality of life for all of American sceiety in its equa-
tions of cost and benefit. National environmental policy must sa(-
isfy generally accep(ed norms for it to be successful. norms that
include opportunities for citizens to be economically upwardly
mobile, that create jobs for those who wish to work, that provide
a realistically healthy rife environmen( for all. and that provide a
breadth  of  recreational  opportunities  accessible  to  all.  Our
national pohicies now conflict with these norms.

Further, our enviro[rmental policies must be science driven
rather than agenda driven. Misleading science has no place in

public policy. Science that is the basis of regulatory action must
be separated from the regulatory actions themselves. Law tha( is
contrary to science can not be tolerated if we are to keep public
faith  and  support  for  sustaining  the  physical  environment  to

Gerhard.  L.  C..  1998, The dilemma of the geologist:  Earth  resources and cnvironmcnral  policy.I.„ Welby,  C.  W..  and  Gowan,  M.  E..  eds., A  Paradox  of
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which we aspire.  We must confront inaccurate science,  half-
rfuths, and mistru(hs.

Geologists are the forefront of these issues because we are
largely responsible for providing the earth resources upon which
society is sustained, yet we find ourselves ever increasingly hm-
ited in where we can explore for and develop the energy and min-
erals the nation needs.

Five major areas of weakness are present in national envi-
ronmental policy:  (I) there is a lack of recognition of scroietal
needs  for earth  resources  to  preserve  the  standard  of living;
(2) there are no established environmental priorities; (3) there is
no consensus on environmental standards; (4) environmental pol-
icy is fractured by spurious issues, suffers from inflation of issue
significance,  and  accepts  direction  by  special  interests;  and
(5) effective environmental ac(ion requires higher quality and
more holistic science than now attained.

Let  us  examine  some  issues  the American  public  must
understand if we are to develop a rational and useful national
policy. While I anticipate much debate about what is included in
this conceptual base, it foms a nucleus about which to crystal-
lize our debate.

LACK OF RECOGNITION OF SOCIETAL NEEDS FOR
EARTH RESOURCES

The very fabric of society is rooted in earth resources, but
there is no widespread public understanding of the relationship
of standard of living, earth resource wealth, and costs of environ-
mental policy. Earth resources are not accorded the significance
in policy that they play in sustaining the economy and our scoial
fabric. One reason for this lies in the divorcement of the Ameri-
can people from  their earth resources:  land,  water,  minerals,
energy, agricul(ure, ap.d forestry. Increasing urbanization has cre-
ated a separation between resource use and understanding of
resource origins.  Little connection is made by "Aunt Sophie"
be(ween tuning on her television set and mining coal; dressing in
new man-made fiber clothing and drilling oil wells; or eating a
bounteous meal and making fertilizers. products of those same
oil wells. Many years ago we farm kids laughed at city kids who
thought hiLk came from bottles in grocery s(ores. We did not cor-
rect then the problem of source and product divorcement, so now
we reap conflict over resource access.

Why worry? I wolTy because the basis of American wealth
that provides our  standard of living  is  the  monetary  value of
extracted American earth resources, plus the value added to these
resources  through   manufacturing.   The   relationship  can   be
expressed as:

Sot--Wn!

where Sol = standard of living, W = na(ional wealth, and P = pop-
ulation (Gerhard and Puderbaugh,  1993).

Limitation of national access to earth resources-be they
water,   timber,   farmland,   minerals   or   energy   resources-
assumes  that  the   limi(ations   will   mean   (ha(   fewer  of  the

resources are used (Gerhard and Weeks,  1996). In fact, limita-
tion of access and increased costs of value-adding simply sub-
stitute  foreign  earth  resources  for  our  own,  and  transfer
American wealth elsewhere to pay for the substitution. Thus,
the terln  "W"  does  not  increase as  much  as  it would if the
access were unlimited. Population continues to grow, that of the
United States growing from  125,000,OcO to over 257,000,000
in my lifetime, from the mid-1930s to the presen(. The United
States has  managed to increase its wealth in proportion to its
population growth until recently. The ratio is declining. and this
reflects  in  a  lessened  rate  of increase  in  standard  of living.
When coupled to the trade balance figures of the same years,
there is an absolute decrease in standard of living indicated for
the United States (Figs.  1, 2).

The obvious consequence of this change in standard of liv-
ing gro`wh is a reduced standard of living for the already finan-
cially disadvantaged of America. The effects of increased costs
of resource access, environmental regulation. and importation fall
mos( heavily on those least able to afford it; in effect, the envi-
ronmental movement has become regressive. "Environmental
racism" is a term frequently used in nonscientific literature to
refer  to  siting  of  potentially  environmentally  hazardous  or
unsightly facilities in minority neighborhoods.  Brimelow and
Spencer (1992) argue that the early l990s cost of environmental
regulation by the Environmental Protection Agency (EPA), using
EPA's own estimates of cost, was about $450 per person per year.
with dramatic increases into this decade.

Our social fabric depends on continuation of our standard of
living, despite arguments (hat the standard is too high. Too high
for whom? Perhaps the financially advantaged will wish to vol-
untarily give up some of their toys. but an ever-increasing finan-
cially  disadvantaged  class  who  cannot  find  new  jobs  when
displaced by the depressed economy, who have never found a
stable job, and who live on taxpayer largesse have nothing left to
give. I cannot address the unequal distribution of wealth in this
paper, but it must be part of our environmental equation.

At this whting the national debate about balancing our fed-
eral budget rages. We cannot balance a budget without cutting
social programs or increasing revenues.  Cunent environmental
regulations stifle economic progress and depress revenues, per-
haps rightfully, but they are now viewed by many as part of a
national problem.

ESTABLISHING ENVIRONMENTAL PRIORITIES

There is no prioritization of environmental issues in national
policy today. Each group. each in(eres(, devotes its energy, time,
and resources to nalTow and often counterproductive issues, with-
out understanding the overall impact of the issue of the proposed
solutions on the global setting. People think narrowly. Often the
costs of mitiga(ion are not proportionate to the problem. or larger

problems are  ignored in  favor of popular sentiment for small-
scale issues.
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Figure 1. Percentage (%) of earth resources value in the gross national product (GNP). Upper curves of
graph include .Value-adding" manufacturing. Tfade balance summed with curve as noted. Note that the
percentage of earth resources in the GNP deelined from 1950 to 1975. then stabilized, if trade balance
is not included. However, when the balance of trade, largely controlled by the price of imported oil. is
included, the pereentage continues to drop. The lower curves reflec( just the value of ealth resources
(agriculture, forestry. constr`iction, fishing. and mining, including oil and gas extraction), without (w/o)
the manufacturing value. divided by the GNP, without the trade balance, the curve shows a decline in
percentage from  1950 to  1970, but increases slightly from  1980 to  1989. When the trade balance is
included, the value drops precipitously from 1980 to 1989.  All values are based on 1992 dollars. Data
from po§(-1989 not available. Data from U.S. Bureau of Census (from Gerhard. 1996).
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Figure 2. United States wealth per capita. expressed as douars (S) per person. in 1992 dollars. Upper-
most c`irve represents value of ealth resouroes, including "value-added" manufact`iring, which rises
steadily in value per capita from 1950 to 1980. From 1980 (o 1989 the rate of increase is very small. The
lower curves present the ealth resource wealth values per capita withou( (w/o) the `tryalue-added.' [mnu-
facturing. The upper curve does not include the trade balance Gal.). the lower curve does include the
trade balance (w/ = with). Note the steep drop in wealth per capita from 1980 to 1989 as the increasing
value of imported resoL]rccs is summed into the total. Uneq`ial disthbution of wealth accounts for an
apparen( increasing standard of living of the wealthier portion of population. and the worsening pligh(
of the financially disadvantaged. Data from U.S. Bureau of the Census (from Ouard. 1996).
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Scchr issues

h a previous paper (Gerhard,  1994), I outhned a base scal-
ing of issues, ranging from microenvironmental issues to mega-
issues. which I reiterate and amphfy here.

Mforoenvl.ronmcnto/ issqes. Issues that are short temi or in
home are microenvironmental, such as disposal of household
chemicals, lawn mulching, objections to sand and gravel extrac-
tion in the neighborhood, recycling of household wastes, and
similar small-scale individual decisions. These are personal deci-
sions. and although they impact the lives of others. their impact
tends to be very lceal, and action agendas can be very personal.

MacroenviTonmental  issues.  These  issues  zne  of larger
temporal  scale  and  cut  across  geographic  boundaries.  They
include air pouution in large cities, single major aquifer contam-
ination or dewatering, factory smokestack output, or single tribu-
tary stream basin issues. Frequently, like the preceding class,
these are issues of r`"BY, "not in my backyard," but actions of
no one person can realistically materially affect an issue.

Taclding these issues requires organizational action rather than
personal action, but care must be exercised not to let parcohial
views override negative effects of actions on the community.

Mesoenvfro»mcnto/ dss«es. Regional in nature, these issues
may have impac( on very large numbers of people. The Mount
Saint  Helens  volcanic  eruption  and  the  eruption  of  Mount
Pinitubo in the Philippines are examples of natural phenomenon
that fall into this category. Acid rain, when perceived as an issue,
would have fallen into this category. Automobile efficiency and
offshore driuing prohibitions are of similar scale in their potential
long-term effects on standard of living. Population growth is at
least this important. Pesticide regulation, predator control, insect
control, and crop fertilization are all issues of this magnitude and
have great impact on nearly all of scoiety.

Great care must be exercised in the application of govern-
mental power to insure that the issues solved are not symptoms,
and that the solutions devised are real. necessary, and do not
cause negative large scalendownstream effects. National govern-
ment is responsible for exercising this concern and care. but must
do so in an open and informed arena. The examination and trea(-
men( of environmental problems must be holistic.

Afegacnvfronmento/ issz.cs.  Global climate change, ozone
concentrations, and biodiversity are the three most popular issues
today in America, although the furor over ozone depletion seems
to have waned. However, overpopulation, mass finine, soil eror
sion, desertifica(ion, and massive plague are much more pressing
to the majority of the world. Mega-issues are of global scale.

Impacts on society

Once issues have been scaled in scope and size. they (hen
can be scaled as to impact on society.

Human Aca4A and sa/edy. There should be no argumen( that
the  highest  priority  for  environmental  action  is  about  issues
adversely affec(ing human health and safe(y. but the importance

of an issue should reflect the geographic scale or number of indi-
viduals in need. For instance, global climate change,  when it
occurs, whether it is ccoling or warming, would affec( the entire
global population. A spread of the Ebo/a-type vinis could be a
mega-issue of human health. Megaenvironmental issues affect-
ing hunian health and safety are the most important issues of all.

Perfrorbations  Of natural  systems. Earth systems  suffer
human interference poorly. Whether groins are installed to pre-
serve one beach that in turn cause erosion finher along shore, or
whether there is unwise construction on flood plains or in earth-
quake zones; much human suffering and death occurs when geo-
logic systems are ignored. Thirty thousand deaths in a recent
earthquake in India underscores the need to consider earth sys-
tems as one of the most significant environmental parameters
affecting humans. The  1993 Midwestern Uni(ed States floods
also emphasize the problems of human interference in natural
systems: artificial river control measures on rivers in the Midwest
added significantly to flooding, and the unrestrained development
of flood plains in these areas was responsible for preventable
damage.

Soci.efo/ I.n/eresf dss«cs. These issues are primarily confficts
between perceived environmental issues and property valua(ion.
Facihties siring problems are at the root of most of these prob-
lems, although occulTence of pests, moderate air pollution, and
other inconveniences resulting from human activity fall into this
category. Frequently these issues are expressed as "I\"BY." (not
in my backyard) issues. Many of these issues also reflect chang-
ing values and concepts of personal risk in society, such as using
environmental laws and zoning to preclude mixing of incomes
and social classes, establishment of social support faciuties (such
as halfway houses), and thoroughfares and bus routes in neigh-
borhoods.

Esthedc isszfcs. Many loudly contested environmental issues
involving earth resources are simply esthetic issues: some people
regard an oil well drilling location in the Rocky Mountains as an
engineering marvel; others regard i( as an invasion of pristinity.
Mines and mining districts are variously regarded as environ-
mental eyesores or as major historical artifacts of our heritage.
For many of these issues perspective is individual and not based
upon real long-term physical environmental effects. Haze in the
national parks may be objectionable. but i( has never been docu-
mented as a hazard. Many times arguments over esthetic issues
pit region against region, or community agains( community. for
some of the nasties( confrontations of all. Reereational in(Crests
have precipitated many confrontations, since many recreation
issues benefit only the financially advantaged.

Graphic evaLuatiL.n and iirioriLizL\Lion. The scdrAI values tor
the environmental priorities  versus the societal  values can  be
cross-plotted to arrive at a generalized "significance factor" for
each issue discussed, where ranking  I  = greatest long-term sig-
nificance and 16 = least (Table 1 ).

This table provides a measurement for the importance of
any issue. At a minimum. use of the table requires tha( each par-
ticipant critically examine his or her stance.  identify  the perti-

I
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TABLE 1. SCALE OF VALUES FOR EVALUATION
OF ENVIRONMENTAL ISSUES

Societal Value
(1 )                               (2)                           (3)                         (4)

Health, Safety,    Nat. Systems      Societal        Esthetics.
Of people         Perturbations       Interest        Plecreation

Scale Value
(1 ) Mega-
(2) Meso-
(3) Macro-
(4)  Micro.

nent aspects of his or her issue, and then argue for inclusion in a
priority bicok.

By  means  of Table  1,  ear(h  scientists  can  focus  on  real
resource and environment issues, while demonstrating to lay cit-
izens the relative merit of other issues.

SUGGESTED OTHER ACTIONS

Buiuing consensus on environmental standards

There are no consensus environmental standards. There is no
national consensus about what our ultimate goals are. There can
be no "pristinity," since it never existed. The biota and the earth
have been changing for billions of years and will continue to
change. Humans are part of the biota, their works and deeds are
par( of the equation with which we work, and wishful thinking
and scoial engineering will not change that constraint. Therefore,
we mus( agree on a se( of standards to be attained. That agree-
ment will not be by simple congressional vote or agency rule-it
will have to be a consensus of the people. Why is this necessary?
Simply, we are now enforcing environmental policy by ex post
facto regulations and by constantly changing attainment stan-
dards. Our employers are never sure of their attainment goals,
and the costs of constant change serve only to depress the econ-
omy and suppress capital development.

In order to build a national consensus on standards it is nec-
essary to recognize that regional differences exist and adjust stan-
dards   to   these  differences.   For  instance,   the   national   55
mile-per-hour speed limit instituted during the oil crisis of the
1970s was never truly enforceable in many sta(es and resul(ed in
the most massive civil disobedience since Prohibition. Laws that
make little sense are rarely obeyed. and in Nevada and Montana,
as examples. the speed Limit law simply made lawbreakers ou( of
average, law-abiding citizens. Yet, in the eastern states, the law
made sense+here are many more passenger-miles driven in the
populated east. distances are shorter. and traffic accidents more
frequent. Wha( was good for Massachuse(ts. however, was no(
useful for Nevada, where the opposite conditions exist. As one
example of the curren( change in federal attitude, that law was
repealed.

Similarly.  me(hods of trash and garbage disposal  in New
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York City are not an individual option, and care must be exer-
cised to insure that the mass of garbage and toxic chemicals dis-
posed of in that teeming metropolis do not pollu(e the region;
however, it is most difficult to argue reasonably that the trash and
garbage of one remote Wyoming ranch should be subject to the
same regulations as New York City. The costs of lural trash dis-
posal under new federal law almost insures widespread passive
disobedience. The town of Pretty Prairie, Kansas, faces the impcr
sition of EPA fines and penalties for not having constructed a
water purifica(ion plant to treat its town water, which the EPA
contends violates the EPA nitrate standard. The cost of the plant
would be about $600,OcO. The town has a property tax base of
about S16,000 per year. There will be no lceally funded water
plant, no rna(ter what ERA insists. Civil disobedience is the result
of poor legislation and regulation.

Clearly, population density is a major controlling factor in
environmental mitigation. The EPA has not established baselines
including naturally occurring chemistry of water. air, and land.
Acquisition of baseline information should be a first priority of
the EPA. Then population density criteria should be developed to
implement standards of "pristinity" that are truly appropria(e to
the various population densities.

Special interests and agendas

The environmental deba(e has been fraught with spurious
issues, misinformation, and special interests. There is need to ask

questions  about  issues,  about  motivation  and  group  benefits
(IIeidelberg Appeal, 1992). There is need to weigh costs against
accomplishment. There is need to analyze issues clearly and in
language that all understand.

Our global environment is constrained first by its geology,
second by its chemistry, and third by its biology. The role of nat-
ural earth systems in constraining the environmen( and control-
ling human effects is poorly understood except by geologists.
Thirty thousand deaths in remote India from preventable earth-
quake damage is not a concern to most pcople, whereas the pos-
sibility of a few or perhaps tens of early deaths from natural
radon is considered a major national issue. Floods annually kill
and bankrupt people, but little is done to mitigate these control-
lable effects of natural events. We do not nationally recognize
what level of natural risks we face.

Lack of geologic perpsective arises frequently. One of the
great quasi-scien(ific mistruths is tha( we are "running out" of a
resource (read oil,  iron. copper, etc.). The geologic truth  is (ha(
our resoLlrces are unlimi(ed for all practical purposes. Most peo-

plc do not understand that richness of resources controls price
and value, and we simply run out of resources tha( we are willing
or able (o afford.  During the oil embargo and conseqtien( price
rise, we conserved. Now. during the lowest prices in recent his-
tory, we use oil freely. Technology also provides resource alter-
natives when the marketplace demands them.

Possible  global  climate  warming  is  another case  in  point.
There is near hysteria about the catastrophic changes humankind is
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wrealdng on global climate. Yet, we ignore that the only evidence
for climate waning is increased C02 in the atmosphere. The cli-
mate has no( yet changed. Greenland ice cores have provided strik-
ing  infomation  that  makes  our  present  C02  issue  pale.  The
amplitude of earth climate variation dceumented in the Greenland
ice core is great, but more important, the core documents two
major human-interest issues. First, the last 8,OcO years have been
remarkably  stable  in  climate,  compared  to  all  previous  time.
Human civilization has evolved in the last 8,OcO years without
regard to the natural climatic cycles of the pas| but win almost cer-
tainly have to entineer scoiety to survive the swings that win occur.
The swings tend to occur with changes in atmospheric C02 con-
centrations, which also took place before civinzation. Second, cli-
mate changes may not take centuries to evolve, they may take place
in decades ®ansgaard et al.. 1993; Mayewski, 1993).

John S. Perry recently wrote for the National Academy.s
Board on Global Change. "Yet each year will bring a new envi-
ronmental crisis clamoring for redress in political councils-
ozone depletion last year; climate this year; invasion of exotic
species, ground water quality, chemical time bombs, tropospheric
ozone, and so on in years to come" (Peny,1992, p.13,14).

It is possible to advceate issues for personal or professional
gain. There is much research money to be gained if your issue is
perceived to be the "catastrophe of the year." Issues of "rangeland
reform" and changes in the I 872 Mining I.aw are not about fees
the federal government collects, but about recreation and esthet-
ics; mines are not pretty when operating, and ca(tle are not native
animals. Therefore all issues and any proposed solutions should
be questioned, specifically targeting the beneficiaries of proposed
policy. Some questions that need to be asked are:

1. Why is the policy, law, or action necessary? What are the
costs, and what are the benefits?

2. Is "who benefits" identified, along with "who loses?" Do
all citizens receive benefit from the action  and  is  any  group
unfairly bearing the costs? Are the special interests identified?

3. Is the scale of action appropriate (o the scale of effects?
4. Are the proposed changes  scientifically  sound or else

scientifically innocuous? Will the action precipitate a worse prob-
lem? Is the risk being mitigated worth the risk being introduced?

5. Are anthropogenic effects calrfully separated from natural
effects?

Environmental action requires high qudio] and holistic
science

Perhaps most important to us who work as scientists is the
need for scientific integrity in the law and rule-making process.
Legal language must be scien(ifically valid and arguments based
more upon scientific fidelity of issues. The earth is a plane(, a rel-
atively solid body of minerals that happens to be enclosed in a
thin envelope of fluids (oceans and atmosphere)  in which we
have evolved. That is our final constraint.  It is incumbent upon
us, geologists, to confront inadequate, dishonest, and poor envi-
ronmental and resource science.

Science is not weu-integrated in federal environmental law
and regulations. Environmental law should be a statement of leg-
islative principles and objectives. The implemen(ing regulations
are where objective science should play a very strong role, but
where objective science is commonly sacrificed. For instance, the
legal language of The Endangered Species Act contains a scien-
tifically fraudulent definition of species that provides for the pro-
tection  of  subspecies,  and  does  not  provide  standards  for
designation of therein defined species (subspecies) (The Endan-
gered Species Act, P.L. 93-205 et seq.).

The Environmental Protection Agency sets  standards for
contamination that have become measuremen(-technology-based
rather than based upon actual knowledge of human effects or
human  evolutionary  tolerance.  Where  numeric  standards  are
specified, they may lead to requiremen(s that are not technically
feasible. Where technology is specified rather than goals, market
disruptions can occur. There is a clear need for objective science
to support regulations and advise Congress abou( implications of
proposed laws. There are two actions that the federal government
can take to mitigate these problems.

The federal govemmen( should rcorganize natural resources
and environmental research to remove such research from the reg-
ulating agencies and into an independent agency facused on pro-
viding  objective science. The National Aeronautics  and Space
Administration  (NASA)  is  a  suitable  organiza(ional  structure
model. Geologists should advise the federal government on needs
and organization for natural resources and environmental research.
A recent Hedberg Reseach Conference sponsored by the Ameri-
can Association of Petroleum Geologists Division of Environmen-
tal Geosciences recommended that the federal government should
ensure tha( assessment of natural resources and environmen(al
research is conducted by scientific, no( regulatory agencies. Regu-
latory agencies should develop policy and regulations based on the
objective research provided by a "natural resource and environ-
mental science agency" (Gerhard et al., 1996).

Second, risk-based assessment and risk management must
be the comerstone of all public environmental policy. Much envi-
ronmental regulation is based upon perceived risk and esthetic
values. Human health and safety are of paramount concern. but
risks are not well unders(ood. Consequently. law and regulations
may address issues of little consequence while omitting consid-
eration of real issues. Much has been wri(ten about risk assess-
ment in the human environment. and informal risk numbers are
frequently used in television broadcasts and other media. The
ultimate goal of science-based risk assessment is (o priori(ize the
issues  upon  which  public  dollars  and  economic  activi(y  are
expended. Choices include eeonomic, human heal(h. and in(an-
gible values, such as esthetics. Weighing risks among the options
available and placing resources where we can save (he grea(est
number of lives are obvious goals.

Gcofogieal respowsjbfty.  Finally, (here is concern (ha( (he
earth sciences are not playing an appropriate role in the public
debate about natural resource access and production. Geologists
and their professional societies have not met (heir public respon-
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sibilities to provide objective science to the legislative and regu-
latory process. Gcology must be better represented in Washing-
ton to provide objective science to lawmakers and regulators. It is
clear that those who propose new endangered species and other
land withdrawals succeed unless objections are raised and apprcL
priate science is presented to counter withdrawal arguments.
Thus, agencies generally err on the conservative, corl.ectable,
side.  and  succumb  to  the  "squeaky  wheel"  syndrome.  The
responsibility of the profession of geology is to provide the earth
resources to society that society needs, even when sceiety does
not generally recognize its needs or the conflicts between its
needs and desires.

SUMMARY

As a broadly educated geologist and natural scientist, I am
most concerned with the issues revolving around the access to
and extraction of earth resourees. while cognizant of the broad
chemical and biologic questions being raised. I am confused by
rhetoric, rhetoric that dcches the mere presence of humankind on
earth while ignoring the explosive growth of global population
and that is unwilhing to address the population issue. I am con-
fused by those who purport to investigate the scientific issues of
envirorment, while choosing, against advice. to ignore the fun-
damental geological controls on global environment and bio-
diversity. I resent the regressive nature of current environmental
policy that places a disproportionate share of environmental costs
upon those least able to afford to pay.

The nation needs environmental leadership that can make
positive advances, that can encompass all of its citizens. and be
open to public scrutiny. We must strive to improve the process
that develops our environmental policy. Our economy must be
able to support the environmental costs, and provide for standard
of living in addition to the environmental quality of life. We must
develop policy that reflects a consensus of the people, and that
encourages enthusiastic suppor( and compliance. Setting stan-
dards, insisting upon high standards of ethics and truth, allowing
for regional differences, and providing framewchcs for evaluation
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of issues and results are crucial (o long-term success. We have not
yet reached these goals.
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ABSTRACT .
"Ra(ional Science for Rational Policy" was the theme of the Amer-

ican Associa(ion of Petroleum Geologists, Division of Environ-

mental Geosciences, Hedberg Research Conference held in Es-
tes Park, Colorado, on September 24 to 27,1995. Thirty-two

participants representing a broad cross-section of government,

priva(e sec(or, and public in(eres( groups and academic insti(u-
lions dissected and discussed the origin, effects, and potential

solutions to resource supply and consumption issues engendered

by environmental law, regulation. and public perception.

The following five questions were addressed by panel discus-

sions and presentations:

I.  What are American environmental goals and resource needs?
2.  What earth resources does the United States need now and in

the immediate future?
3.  What are the major environmental policies of the United

States and how do they impact earth resource supplies?
4.  What is the scientific basis of each of these policies and are

these bases valid?
5.  What changes in environmental or earth resources policies

dces the United States need to make in order to provide ade-

qua.e resources (o sustain socie(y, and wha( will be the envi-
ronmental consequences of those policies?

The sessions were wrapped up with a discussion of the question
"What is the global view of the future?"

Some conclusions of the conference encompassed recognition of

(he need for much be(ter risk analysis and risk managemen( in

governmental policy and for independent scientific analysis and
supporting data for environmental policy issues.

RESOURCE ACCESS PROBLEMS
Increasing  global  and  U.S.  population  demands  an  in-

creasingly abundant supply of earth resources to maintain a

global, frequen(ly poverty-level. standard of living.  Produc-
tion  of earth  resources  and  value-adding  by  labor  creates
new  wealth.  a  measure  of socie(al  s(andard  of living.  The
U.S. standard of living has dropped continuously since  1980

n.c  l``.rl"Ll  r€p`m  l`as  appcn<led  (h:  kcyi.ole  a(Idrcs.I  by  lion.  Hamsori  I+  Scl`mil(.  Ihe  Annapoll`
Ai.i.`nd` on  R.sk  A.`scssiiicnt and  Risk  Managcmcn|  and the  lledberg Confcrcn.`c canh rcstwrcc`
ulla *ct (Gcrhard and WccLS.19961  Ctp.cs tif `hc full .cpon can bc ob(airted from (he  Kansas Gc()-
log..al Suivc y

©  19`)6. EnvironmenLal Gc`iscicnccs.1075-95654}6/i IO.S00
Eovi.onmcntol Geose|cnecs. Voluit`c  i Number 2.  1996 S7JI

as measured by earth resource production and value-adding

(Gerhard.  1994).  A  grossly  negative  balance  of payments
during   1980  to   1995  helped  drive  the  standard  of  living
down. One illustration of (he problem is that petroleum im-

ports are historically ~60 to 70% of import costs (exported
capital) and thus are the largest single factor in the current
balance of payments deficit. The United States has changed
from  a  net exporter to  the  world's  greatest debtor in  rela-
tively  few  years.  How has  this come to pass? How  has an
apparently  rich  nation  become  the  world's  greatest  debtor
and caused the less fortunate citizens to endure a lower stan-
dard of living?

Earth resources include soils, water, timber, crops. fisher-
ies,  minerals, and energy resources. Wealth is produced by
extraction  and  use of these  resources plus  the value added
by  labor to  make useful  products.  Reduced per capita pro-
duction of earth resource-based  wealth has resulted gener-
ally from reduced access to the resource base. This reduced
access is in part physical and in part financial (cos().

Physical access to resources on federally controlled lands
is increasingly difficult due to a myriad of park and wilder-
ness  land  withdrawals,  restrictions  by  presence  of endan-

gered  species,  and  clean  air  and  water regulations.  At  the
present time, ~65% (377,000,000 ac/152,569,810 ha) of the
federal  lands  in  the  United  S(ates  is  at  least  somewhat  re-
stricted   to   resource  access.   Cost-restricted  access   arises
from regulations that impose res(rictions on me(hods of ac-
cess,  such  as  mining  process,  requirement  for  helicopter-
bome seismic acquisi(ion for pe(roleum exploration,  li(iga-
tion  over  access  to  federal  lands  near  already  restricted
lands,  litigation  over  impacts on  scenic  vistas. endangered
species  restrictions  on  access  to  timber,  or  animal  loss  to

predators  through  restrictions  on  control  measures.  These
statements  are  not judgments  about the efficacy  of regula-
tions  and  law  but  merely  statements  that  each  regulation
bears a cost. Generally, resource regulations focus on either
human health and safety or aesthetics and recreation.

How serious  is the global and  U.S.  resource supply  prob-
lem?  For  those  knowledgeable  about  the  relationship  be-

tween petroleum exploration discoveries. reserves, and pro-
duction  rates.  the  lack of exploration  activity  in  the  United

States  over  the  last   10  years  cannot  be  hidden.  Although
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large  reserves  remain,  and  very  large  resources  are  undis-
covered and unrecoverable with today.s economics, produc-
tivity rates (i.e., the rates at which consumption can be sus-
tained) are dropping like a proverbial rock.

Increased costs and legal entanglements have contributed
to an exodus of the petroleum exploration  industry  to  for-
eign  targets,  the  loss  of  >400,000  pe(roleum  exploration
and production jobs in the United States, reduced domestic

production, and consequently  increased petroleum imports.
Prior  to  the  oil  embargo  of  1973,  U.S.  petroleum  imports
were  ~35%.  Imports  are  now  >50%  of consumption.  At
current consumption rates and prices, by (he year 2000, the
United  Sta(es  will  be  impor(ing  10,000,000  bbl/day.  at  a
cost  of S170,000,OcO  of American  capital  wealth  per day

(over $62 billion/yr).
Alternative  domestic  energy  sources  are  limited  in  to-

day.s technology.  Widespread solar energy production  has
not yet materialized, although solar energy has become use-
ful  for  remote  applica(ions,  such  as  replacement  of wind-
mills  for  stock  watering  and  operation  of  highway  signs.
Convenience  and  economy  of coal-fired  electrical  genera-
tion override any widespread applications of wind and solar
energy.  Increased  nuclear  electrical  generation  seems  lln-
likely  for  the  near  future  because  of  public  perceptions
about health effects and legi(imate concerns over long-term
waste  disposal.  Long-term  global  energy  needs  are  even
more drama(ic. A way to meet the increased demand of (he
developing  world  population  es(imated  at  6  billion  people
by 2000 and  10 billion people by  2050  may  not exist. The
res( of the world will compete with the Uni(ed States for en-
ergy resources.

Future  metals  consumption  can  be  reasonably  forecast,

par(icularly in the Uni(ed S(a(es, where per capi(a consump-
tion has leveled after significant post-World War 11 growth.
For  example,  by  2000.  the  United  States  will  consume
7.560.OcO metric  tons  (8,316,000 short tons)  of aluminum

per year. no( including recycled aluminum. This me(al must
be produced from mined ores. Other metals will have simi-
lar increasing demands just to  maintain  the  present,  inade-

qua(e  standard  of living  of much  of the  rest of (he  world.
Vast  amounts  of metals  must  be  mined  and  processed  for
the global economy to function and generate the wealth that

permi(s clean environmen(s.
Construction  materials  drive  the  cost of new  homes  and

community   infrastructure.   Large   volumes  of  very   heavy
materials  are  required  which  precludes  long  transportation
distance;  therefore,  access  to  sand  and  gravel  is  nearly  al-
ways contentious. Growth in sand` gravel, and crushed rock

has s('abilized  in (he Uni(ed  S(ates  per capiLa,  but as  popula-

lion  grows,  so  will  demand  for construc(ion  materials.  Use
of metals are expressed in units of thousands of metric tons

Per  million  population;  construc(ion  rna(erials  must  be  ex-
P[essed   in   tons   per   person.   In   (he   Uni(ed   S(a(es.   sand.

gravel, and crushed rock are used at the rate of ~8 tons/per-
sortryr.  The  aggrega(e alone to rehabilitate  all  of (he  high-
ways that need repair would cost $75 billion.

Construction  minerals  must be mined in close proximity
to  use  because  of the  high  cost of transportation  which  is
currently ~$0.20/ton-mile. These  low unit value resources
have  a  very  high  place  value.  In  glaciated  portions  of the
country,  sand  and  gravel  may  be  easy  to  acquire  and  are
widely dis(ributed. but in other parts of (he U.S.. such as (he
Midwest,  bitter arguments arise between scenic  values and
construction needs.

Water  quantity  is  not  a  problem  in  mos(  of  (he  Uni(ed
States.  Water quality  may  be  a  significant  issue  in  the  fu-
ture;  however,  existing  federal  regulations  appear  to  ade-

quately avert many potential water quality problems.  Else-
where, population pressures in Asia and Africa have already
strained available desert supplies, and spreading desertifica-
tion  in  the Sahara and  sub-Sahara suggest that these  prob-
lems  will  get  worse.  The  fas(es(  growing  popula(ions  are
those of Africa, followed by Central America and Asia.

Why  be  concerned  about  future  resource  supplies?  Be-
cause society depends on  minerals and energy  to function,
and the standard of living of fellow citizens depends on pro-
viding those resources. As capital shifts overseas. the stan-
dard of living decreases. The United States may not have to
continue to export huge amounts of capital and accept for-
eign ownership of national assets, but the nation has shown
little  proclivity  to  change  public  policy  to  encourage  re-
source  extraction  and  prcoessing.  Capital  is  exported  be-
cause the United States has no substitute export product.

OVERCOMING REGULATORY
BARRIERS TO RESOURCE
AVAILABILITY

How can geologists provide the ever-larger amount of re-
sources that socie(y demands for survival  while encoi)n(er-
ing increasing difficulty of access and costly regulatory bar-
riers to the same resources? This question was considered at
the  American  Association  of  Petroleum  Geologis(s,  Divi-
sion   of   Environmental   Geosciences,   Hedberg   Research
Conference  "Rational  Science  for Rational  Policy"  held  in
Estes Park. Colorado. on September 24 to 27,1995. Thirty-
[wo  participants  represented  a  broad  cross-section  of gov-
ernment,  private sector,  and public  interest groups and aca-
demic  insti(u(ions. They dissec(ed and discussed (he origin.

effects, and  potential  solutions to resource supply  and con-
sumption  issues  engendered  by  environmental  law`  regula-

(ion, and public percep(ion.

CONFERENCE CONCLUSIONS
Several  conclusions  arose  from  dcliberations  of the  con-

ference.  All  comments  and  discussion  at  Hedberg  Confer-
ences are considered  unattribulable` but the  following state-
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men(s    are   consensus    views    of   the   participants.    The
conclusions are categorized generally into those addressing
the  geological  participation  in  public  affairs  and  the  need
for  objec(ive  science,  specific  major  current  issues,  and
identification of issues to be addressed.

Other  issues  that  are  not  discussed  herein  but  were  de-
fined by Conference participants included the following:

•  Consequences  of regulations  are  not  clinically  evalu-

ated;
•  Conservation rather than preservation should be the ba-

sis of policy;
•  Regulatory policy should stress problem solving rather

(ham adversarial confrontation;
•  Environmen(al policy and law would benefit from bet-

ter integration of agency goals and among agencies; and
•  Be(ter in(egration of environmen(al policy goals in law-

making is desirable.

I.    Science  is not well-integrated  in  federal  environmental
law and regulation. Environmental law should be a state-
men( of ]egisla(ive principles  and  objec(ives.  Objective
science should play a very strong role in regulations that
implemen(   law,   but  science   is  commonly   sacrificed.
Specified  numeric  standards  may  lead  to  requirements
tha(  are  not  technically  feasible.  Where  technology  is
specified  rather than  goals.  market  disruptions can  oc-
cur.  In the U.S. Endangered Species Act, the definition
of species as subspecies is erroneous and has led to ex-
cesses in application of the law. There is clear need for
objective  science  to  support  regulations  and  for  scien-
tists to advise Congress about implications of proposed
laws.

The federal government should reorganize natural resources
and environmental  research  to  move research  responsibili-
ties   from   the   regulating   agencies   into   an   independent
agency  focused  on  providing  objective  science.  The  Na-
tional  Aeronautics  and  Space  Administration  is  a  suitable
organiza(ional   struc(ure  model.   Geologists  should  advise
the federal government on needs and organization for natu-
ral resources and environmental research.

• The Estes Park Conference attendees agree that [he fed-

eral government should ensure that assessment of natu-
ral resources and environmental research are conducted

by scien[iric, not regulatory, agencies. Regulatory agen-
cies should develop policy and regulations based on ob-

jective  research  provided  by  a  "natural  resource  and
environmental science agency."

11.   Geologists  and  geological  societies  have  not  met  their

public responsibilities to provide objective science to the
legislative and regulatory process. Geology must be bet-
[er represented in Washington, D.C. to provide objective

science to  lawmakers and regulators.  Proposers of new
endangered species and other land withdrawals succeed
unless  objections  are  raised  and  appropriate  science  is

presented (o coun(er withdrawal arguments. Thus. agen-
cies  generally  err on  the conservative.  correctable  side
and succumb to the "squeaky wheel" syndrome. Geolo-

gists  have disdained  advising  government  for  fear that
these ac(ivities may be mistaken for "lobbying." Geolo-

gists must participate in the public debate.

The  American  Institute of Professional  Geologists  and  the
current governmental affairs program of (he American Geo-
logical Institute are trying to meet these needs but have in-
adequate staff and resources. If the American Assceiation of
Petroleum Geologists execu(ive commi((ee falls to (ake ac-
tion,  many  support  the  Division  of  Environmental  Geo-
sciences taking leadership.

•  The  Estes  Park  Conference  attendees  strongly  recom-

mend that the American Association of Petroleum Ge-
ologists,  the  largest  professional  group  in  the  science,
establishes a separately chartered group. with paid staff,
to alert the profession to issues and to advance objective

geological  perspectives  on  natural  resource  and  envi-
ronmental law and regulation.

Academic  geologists  should  provide  to  students  the  guid-
ance and enthusiasm needed to become active scientist-citi-
zens.  One participant correctly observed that few scientists
are members of Congress.

•  The  Estes  Park  Conference  attendees  believe  that  the

geological   profession   should   advise   the   government
about  minerals,  land,  and  environmental   policy  as  a

professional responsibility, provide a national source of
objective science for evaluating federal policy and reg-
ulations,  and  communicate  with  and  educate  citizens
and decision-makers about the  roles of earth resources
in sacie,y.

Ill. Much  environmental  regulation  is  based  on  perceived
risk and aes(hetic values. Human heal(h and safe(y are of

paramoiin(  concern,  bu(  risks  are  not  well  unders(ood.
Consequen(ly, law and regula(ions may addres.s issues of
little  consequence  while  omitting  consideration  of real

issues.  Much  has  been  written  about  risk  assessment  in

the  human  environment.  and  informal  numbers  are  fre-

quen[ly  used  in  television  broadcasts  and  other  media.
The ultimate goal of science-based risk assessment is to

prioritize  the  issues  on  which  public  dollars  and  eco-
nomic ac(ivi(y are expended. Choices include economic.
human  health.  and  intangible  values.  such  as  aesthetics.
Weighing  risks  among  (he  op(ions  available  and  priori-

tizing resources lo save the grealest number of lives is an

obvious goal (Annapolis Center. n.d.).
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•  The   Conference   attendees   unanimously   support   the
"Annapolis  Accords"  of the  Annapolis  Center regard-

ing  the  need  for  science-based  risk  assessment  and
management.

IV. Environmental  law  and  regulatory  practice  frequently
conflict  wi(h  supplying  resources  to  socie(y.  This  is  a
major issue. A cumulative ballot of sub-issues construed
to be of grea(est significance are as follows:

A.  Utilize  science-based  risk  assessment  in  environ-
mental law and regulation.

`There are heavy costs involved if sceiety fails to set envi-

ronmental priorities based on risk. If finite resources are ex-

pended on lower-priority problems at the expense of higher-
priority risks. then society will face needlessly high risks. If
priorities are established based on the greatest opportunities
(o reduce risk,  total  risk will  be reduced in a more efficient
way,  lessening  threats  to  both  public  health  and  local  and

global ecosystems" (Annapolis Center, n.d.).

•  Conference attendees recognize the difficulty of educat-

ing  the  public  about  risk  assessment  and  suggest  one

place to start is to adapt the principles of petroleum in-
dustry risk analysis to environmental risk assessment.

8.  Natural  geologic  processes,  ambient  natural  back-

ground levels of elements and minerals, and natural
processing  systems  do  much  to  control  the  human
environment but are insufficiently considered in de-
veloping cleanup standards.  Part of this problem is
due  to  the  inability  of federal  rule  making  to  con-
sider local settings. Consequently, standards may be
unrealistic, inadequate, or unattainable.

Natural   geological   processes,   including   erosion,   stream
transportation, volcanoes, earthquakes, and hurricanes. fun-
damen(ally  con(rol  (he  human  environment,  and  humans
can  only  engineer  survival  around  them.  Geological  pro-
cesses  proceed  according  to  physical  and  chemical  laws,
wi(hout respect to poli(ical  boundaries. Elimina(ing arsenic
from (he environment in eastern North Dakota or selenium
near Pueblo, Colorado is not possible: they are contained  in
the  soils  and  bedrock  by  virtue of sustained  volcanic  erup-
lions that occurred 70 million years ago.

Effective  environmental  quality  decisions  carefully  con-
sider  local  natural  settings  and  do  not  violate  natural  laws.
Distinguishing  anthropogenic  change  from  natural  change
is critical  to effective regulation.

•  Geologists have a special  responsibility to inform deci-

sion-makers  about  local  geochemical  and  geodynamii.
conditions  during  rule  making.  Working  wi(h  na(ure  is

much  more  cost-effective  than  trying  to  work  against
nature, which always  rails.

•  Governments  should  develop  attainable environmental

standards.  No( all  standards are realistically attainable,
and  some  are  at(ainabLe  only  in  limi(ed  geographic
areas.

•  Geologists  must  advise government on  attainability  of

trace chemical and geodynamic standards.

C.  Governmental decisions should always  incorporate
cost-benefit analysis. The Uni(ed States cannot af-
ford to ignore the costs and benefits derived from its
actions.   Policy  decision  may  provide  a  low-cost/
high-benefit  result,   but  decisions   should  demon-
strate knowledge of cost and benefit. It is important
that the geological profession develop the methodol-
ogy to ascertain costs and the physical and chemical
results  (benefits)  of  proposed  actions.  Sometimes
these must be qualitative. What is the cost of chan-
nelizing a river? Cost can be expressed in dollars for

the actual construction, in relative value for changed
wildlife habita(s, and in both dollars and relative val-
ues for reduced groundwater recharge.

•  Geologists  should  advise  government  about  the  geo-

logic costs and benefits of proposed actions.

D.  Government     should     stress     prevention     versus
cleanup.  Prevention  of  environmental  problems  is
clearly   the   preferred   choice   over   mitigation   or
cleanup:   the   costs   of  legislated   cleanup   are   ex-
tremely   high,   owing  to   litigation  cos(s.   imposed
standards  of practice,  and  malpractice.  The  Super-
fund Act has had a very high cost for limited bene-
fi(s.

•  Policy  should  be  driven  towards  incentive-based  pre-

vention  measures,  recognizing  the  temporal  nature  of
technology and practice.

V.   Estes  Park Conference attendees recognize "geology as
the science of change." Geology differs from other sci-
ences  in two  fundamental aspects: constant change and
time.  Many  environmental  and  natural  resource  issues
become  contentious  because  participants do  not  under-
stand that the earth is dynamic, constantly changing. and
changing over time periods not easily comprehended by

nongeologists. Geologists have a perspective on change
and time not shared by the average American.

Many  people  argue  that  society  is  changing  the  earth  and
that  these changes are detrimental  [o "the earth."  Yet`  most

humzin  impacts on  the  surface of the earth have been  minor

perturbations of the  natural changes that conrigure  the envi-
ronment.  history.  and  the  future. The geologic  profession  is

learning to separate anthropogenic from natural effects even

though  many of these changes arc  not  fully  understood.  As
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an  example,  global  clima(e  change,  al(hough  a  valid  re-
search area, must be placed in the contex( of the long-term
changes observed  in recent ice-core analyses  in  Greenland
and An(arctica (Fitzpatrick,1995).

Geologic records show (hat clima(e has been stable for an
anomalously long (ime, long enough for agricul(ural socie(y
to evolve.  Natural climate change  will  occur and drama(i-
cally  affect society.  Perhaps  an(hropogenic  effec(s  will  ei-
ther add to or subtract from natural changes.  Geology can
help  socie(y  to  better  prepare  for  and  adap(  to  change,
whe(her global  warming or cooling. This is  not (o say that

prepara(ion   for   clima(e   change   should   not   happen-it
should.

•  Change is a geological constan(.  Geologists  mus( do a

better job of educating decision-makers and the general

public about cons(an( global and evolutionary change.

Why are people concerned about future earth resource sup-

plies?  Because society depends  on  minerals  and energy  (o
function. The standard of living of fellow ci(izens depends
on  the ability to  provide  those  resources.  No other profes-
sion can supply society's rna(erial needs.

•  Geologists have a responsibility to provide the earth re-

sources necessary for all people to have a healthy stan-
dard of living.

VI. Future Division  of Environmental  Geosciences  interest

groups may develop with  the purpose of providing sci-
encc-based commentary on  specific topics.  Future con-
ferences may  be planned  around  individual  issues  sug-

gested  by  the  Estes  Park  Conference,  such  as  global
climate  change,  endangered  species,  risk  management
and  assessment,  or others.  Interest groups  may  wish  to
comment on proposed  new environmental  laws/regula-
lions or to review existing ones.

•  Conference  a(tendees  recommend  (hat  (he  Division  of

Environmental  Geosciences  plan  and  host  a  series  of
conferences and interest groups a( leas( once a year.
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Earth Resources Data: A Basis for Resource
Analysis and Decision-Making
LEE C. GERHARD AND WYATI` WEEKS
Karisas Geological Survey, IAwrencc. KS 66047

ABSTRACT .
Many discussions of earth resources and al(ema(ive land use focus

on perceived resource needs rather than useful information.
Earth resources are no( jus( minerals and fossil energy. They

also include forestry, agriculture, fishing, and all other activities

(ha( extrac( value from (he ear(h. These resources are (he funda-

mental basis of wealth, and without their harves(, socie(y would

founder. Per capi.a consumption rates for earth resoiirces in the

United States are stabilizing, but population increases continue

to place demands for more earth rna(erials. Many people have

requested wider distribution of infomation and knowledge of

resource da(a sources. These data may be useful (o other geolo-

gists for analysis of resource availability and future needs.

INTRODUCTION .
Understanding societal earth resource needs and analysis

of issues of supplying those resources depend on knowing

present and past rates of use and trends toward future uses.
The recent American Association of Pe(roleum Geologis(s.
Division  of Environmental  Geosciences.  Hedberg  Confer-
ence, "Rational Science for Rational Policy," analyzed United
S(a(es  (U.S.)  environmen(al  policies  with  respect  (o  geolo-

gist's  professional  impera(ive  to  supply  socie(y  with  earth
resources.

As  part of that  conference.  the convenors  prepared  data
compilations and charts of past earth resource use as (he ba-
sis for assessment of fu(ure demands. These char(s received
much  favorable comment during  and  after (he conference.
They are reproduced here with caption comments for use by
o(her earth scientists who may find them useful for discus-
sion of policy impacts on resource supplies and (he needs of

global and American society for earth resources.
Eaflh  resources  aLre  no( just  minerals  and  fossil  energy.

They also include forestry. agriculture. fishing, and all other

activities that extract value from the earth. These resources
are the fundamen(al  basis of weal(h, and wi(hou( their har-
vest, socie(y would founder. Judgements abou( resource de-
velopmen(  and  ex(raction  frequen(ly  are  made  wi(hout  re-

gard  to  future  needs.  Sand  and  gravel  are  overstepped  by
residential developments. prime farms are encroached upon

by expanding suburbs, and minerals and timber are locked
beyond  reach  for  recreational  and  aesthetic  values.  These
are policy decisions. Agreement with the decision is not as
important as whether (he decisions are informed decisions.

PURPOSE
The purpose of this article is (o provide other geologis(s

wi(h some of the means (o assist others in making informed

policy decisions.
The fomat for this text is tailored to the presentation of

the graphical  data.  Captions encompass the writer's obser-
vations about the data but avoid extensive discussion or in-
terpretation of the data. The references are the source of the
data. The reader is encouraged to review the sources as well
as the graphs.

EARTH RESOURCES

Population Growth
All earth resource issues are tied directly to global popu-

lation growth. If there were no humans, there would only be
a de facto ``pristine" environment.  However,  in recent cen-
turies.  global  human  population  has  grown  rapidly  and  is
"exploding" at the present time (Figure  I to 3).

Popula(ion  growth  rates  are  variable  around  the  world.
The current population of >2.5  billion people  is  projected
to rise to over  10 billion by 2050 (Figure  I), a logarithmic
increase. In contrast. the U.S. population has been rising at a
ra(e of ~25  million  people/10 yr., and projec(ions  suggest
(hat  (he  rate  will  slow  by  (he  middle  of the  next  cen(ury

(Figure 2). Population growth rate is greatest in Africa. fol-
lowed  by  non-United  States  North  and  Central  America.
European   growth   rate   is   the   smallest.   followed   by   the
former USSR and the United States (Figure 3).

With  burgeoning  popula(ion.  earth  resources  production
must proportionately increase (o maintain the existing stan-
dard of living.  If the standard of living in poor regions is to
improve.  even  higher  increases  in  production  of resources
will  be  necessary  (o  encompass  growing  economies  (e.g.,
southeast Asia). For geologists and other earth resoilrce pro-
ducers to understand the magnitude of the task ahead. tabu-
la(ion of curren( consumption trends of various  major min-
eral   and  energy   commodities   both   globally   and   for  the
United States is necessary (Figures 4 to 29).
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Metals
Me(als consump(ion is a major area of earth resource use.

and  mining  of metals  is  a  topic  of environmental  discord.
Consumption of me(als is a measure of economic progress.
with greater consumption indicating an industrialized econ-
omy.  Consumption  of  major  me(als  grew  globally  from
1900 through ~1950, a trend mirrored in (he United States.
A major surge in consumption also took place immedia(ely
following  World  War  11  in  (he  United  States  (Figure  4  to
17). Data for aluminum. copper, lead, nickel, tin, zinc, mer-
cury,  and  silver  are  presented.  Iron  consumption  has  not
been  calculated  because  of the  difficulty  of separating  the
various  categories  of iron.  steel,  scrap,  and  basic  ore  pro-
duction, the vast global trade in the commodi(y, and trends
(oward o(her metals use. Figures for these commodities are
contained in the references cited.

Significant increases in global per capita consumption of
aluminum,  copper,  and  nickel  may  indicate  an  increasing

global   economy.   rising   standards   of  living,   and  conse-
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FIGURE  2:  U.S.  population  growth.  1950 to 2050.  Nctc  nearly  straigh(  line  grovnh
(from U,S.  Bureau of tt`c Census.1994).

FTGURE      I:     Global      population
gTo`nh,  4cO  t].c.  to  2050  ..d.  (from
MCEvedy ci .I..  io78).

quently. rising expectations for increased standards of living
around the world.  Planning for resource development must
include  considerable  increased  mining  activities  for  these
metals. For example. copper is being used now at a rate of
6,500 me(ric tons per million popula(ion. That consump(ion
is projected to be  10,000 me(ric (ons per million population
by 2020, but the population will rise from ~2.5 billion peo-

ple today to nearly 8 billion by 2020. Simple mu]tiplica(ion
shows tha( 80,000,000 me(ric (ons of copper will need (o be

produced in the year 2020 to satisfy projected demand. This
is ~246%  of curren( consumption.  Demand  increase  may
not be sustained for the next 25 years, or a substitute com-
modity may be developed. Nonetheless, this calculation in-
dicates the immensi(y of (he problem. A shift from produc-
ing   32.500.OcO   tons   of   new   copper   per   year   now   to
80,OcO.000 tons in 2020 must transpire.

In the United States, the per capita use of copper leveled
at ~8500 metric tons per capita (2.122,000 tons of copper
and  250  million  people:  1990).  Projected  U.S.  population

growth  suggests  that  by  2020  325  million  people  will  in-

199aL.S iiiglciri=: =eee±tbo g"rth nte
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FIGURE 3:  Global  rcgional  populatlon growth Ta(cs.  1990 (o  1995 (froin Urban and
Trucbloed,1995).
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FIGURE   .:   Global   diiminum   con-
•umption. clprcssed rs tl`ous.lid metric
tons .nd as tliolisind metric tons PCT mil-
lion    pop`ilation    (froft`    ^k(icngcscll-
chfL  1960.1971,1981.1991).

FIGURE  S:  U.S.  aluminum  oonsiimp-
tion. expressed as thousafid  metric  tons
and as thotisafid fnctric tons per mimon
popl)Ia(ion    (frorti     ^k`icngcscllschart,
1960.1971.1981.1991).

F[CURE  6:  Global  copper  consomp-
tioli.  erpresscd  as  thotisand  metric  tons
lI`d rs (ho`isand  metric  totis  per million
population     (from     ^k`icngescllschaf`.
1960.1971`  1981.1991).
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U. S. COPPER CONSUMPTION

GLOBAL LEAD CONSUMPTloN

U. S. LEAD CONSUMPTION
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FIGURE 7:  U.S.  copper consumption,
cxprcssod as thousand metric (ons and as
thousand ITictric tons per million popula-
tion    (from    Akticngcscllschart,    1960.
]971.1981,1991).

FIGURE  8:  Global  lead  consumption.
cxpresscd as thousand metric tons and as
thousand metric (ons per million popula-
tion    (from    Akticngcscllschaft,     1960.
1971,1981.1991).

FIGURE 9: U.S. Iced consumption. cx-
pTesscd as  thousand  metric  tons and as
thousand metric (ons per million popula-
tion    (from    Aktiengescllschart,    1960.
1971.1981.1991).
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GLOBAL NICKEL PRODUCTION

U.  S.  NICKEL CONSUMPTION

FIGURE  10: Global nickc] producljon.
expressed as thousand rnctTic (ons and as
thousand metric tons per million popula-
tion    (from    Akticngcsellschaf(.    1960,
1971.1981,1991).
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FIGURE  11:  U.S.  nickel  consumption.
cxprcsscd as thousand metric tons and as

Xfat=|Cn:°=]£rh¥t.:]!:3%,Pull;;i:.n{figiT
1991).

FIGURE  12:  Global  tin  consuTT]ption.
expressed as thousand metric tons and as
thousafid metric tons per million popula-
(ion    (from    Ak(icngcsellschaf(.     1960.
1971.1981.1991).
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U. S. Zinc Consumption

Thousands of metric tons

FIGURE 14: Global  zinc consumption,
expressed as thoiisand metric tons and as
thousand metric tons per million pop`Ila-
(ion    (from    ^kticngcscl]schaf(.    1960.
1971.1981,1991).

FICURE   15:   U.S.   zinc   consomp(ion.
cxprcsscd as tl.ousand mctl.ic tolls and as
thous.nd metric (ons per million popula-
tion    (from    ^k(icngcsellschaf(.     1960.
1971.1981.1991).
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GIOBAL MERCURY PRODUclloN
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F]CURE  16:  Global  r[iereury  produs-
(ion.  cxpTcesed  as  metric  (ons  .nd  as
metric tons per millior` populatiof` (from
Akticngcscllschalt.    1960,    1971,    1981,
1991).

F[GURE  17:  Global  silvcT  produc(ion.
cxprcssed  as  mctiic  (orls  and  as  metric
tons  per  million  population  (from  ^k-
ticngcscllschafL.      1960.       1971,       1981.
1991).

HCURE  18:  Global  cncrgy  consump-
tion   by   ci`cngy   so`Irec.   Nctc   tha.   the
scale for each cncrgy source difrcrs.  Rc-
Irewablc cricrgy  is  scaled  in  billion  kjlo-
wat`s: otl`cT cocrgy so`irccs are scaled  in
m`ich  larger  units.  Such  as  hundrds  of
bilholis oT kilowrai.s  (from  U.S.  Pepafl-
mcn( of Energy.  1994).
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Global Ch Coesumptiori Projechon
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HGURE 19: Global oil constimption
przjoction in millions Of barTcls Of oil
per day (BOPD). By 2010. pfqjcctions
show  global  oil  consumption  to  bc
>90  ndllion  BOPD  (fDom  U.S.  be-
p~t or Ehagy. igg4).
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U. S. Sand and Gravel and Crushed Stone Consumption
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FIGURE  20:  U.S.  Sali  and  sulfur  use
(from  US.  Dcpartmcnt  of Interior.  Bu-
fcau Of Mines.1950L-1993).

FIGURE   21:   U.S.   sand.   gravel.   aiid
crushed  s(ofic  consump(ion  (from  U.S.
Dcpartmcnt    of    Interior.     Bureau    of
Mines.1950L1993).
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PERCENT PUBLIC IAND WITH RESTRICTED MINERAL ACCESS

I.]GURE   22:   U.S.   pcrccn(   rcstnctcd
public  lands access  for cncrgy  and  min-
eral   dcvclopmcn(   (from   Beach   c(   al..
1985:    u}ngwill,    1985:    Crandcl[    and
Hamilton,     1986:    Gray    ct    al..     1988;
I+yndman   el   al..   1989:   Robcrts   ct   al..
1989;  ^ndcTson  ct  al.,1991;  Hyndman
c' al..  1994:)-

crease copper demand  by  637,500  tons/yr,  for  a  total  de-
mand  of 2,759,500  metric  tons.  This  is  a  30%  increase  in
demand  with  no  per  capita  increase.  Similar  calculations
may  be  made  for other resources.  The  impact  of growing

population on resource demand is very serious.
Tin and mercury have reduced impact in the global econ-

omy, with reduc(ions in per capita use from  1900 (o modem
times,  probably  reflecting  the  reduction  use  of "tin"  cans,
the  reduction of use of mercury  in  thermometers  and  gold
amalgam processing. and recent recognition of the toxicity
of mercury  (Figures  12,   13.  and  16).  Several  metals  have
reached consumption  equilibrium  in  global  and  U.S.  soci-
ety. Zinc, silver, and  lead demand is stable with  respect to

per capita demand but increases in production are required
because of population growth.

million board ft.
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Energy
Energy consumption is a relative measure of standard of

living.  Consumption of energy replaces human and animal
work, relieving drudgery and bringing mechanical and elec-
tronic  advantage  to  society.  Global  sources  of energy  are
varied, and the consumption of nearly all types of energy is

growing.  Fossil  energy  continues  to  be  the  greatest  soiirce
of energy by far (Figure  18). Petroleum (natural gas and oil)
is  the  largest  supplier of energy  and  the  most easily  trans-

ported. Global demand is projected to reach 90 million bar-
rels of oil per day by 2010 (Figure  19). No problem in meet-
ing that demand is indicated, although prices may stabilize
if that  scenario  comes  (o  fruition.  Global  produc(ion  aver-
aged  62.123,000  barrels/day  in   1995.  The  projection  for
2010 is for nearly 50% greater demand than at present.

U.  S. TIMBER AND  LUMBER PROD.,  lMPORTS,  CONSUMPTION

- TOTAL PROD.
~ CONSUMPTION
-.-------  IMPORTS

F[GURE   2.:   U.S.   (Imbcr   ai`d   lumbcT
production. imports` and consumption  in
milhons of board fcct (from U.S.  Bureau
of the Census.1904).
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FIGURE 24: U.S. rlsh consumption per
capiu.  ^TTow  is time of signirlcan( rcc-
ogni(ion Of hcalth bcnerits of ca(ing r.sh
(from U.S.  Bureau Of tlic Census.  1994).

F[CURE  25:  U,S.  rtshcrics production.
imports  and  consL]mprion  in  millions  or
pounds livc weight (from U.S. Bureau or
the Census.1994).

FICURE  26:  U.S.  agricullur.I  clporls
and  imports  io  millions Of dollars (from
U.S. Burc®u or the Ccnsos.  1994).
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Billions of dollars                         U. S. Consumer Food cost vs. Fan value
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HCURE 27:  U.S.  igric`iltiiul  prodtict
value `rcrs`is Tceived f&m viluc  in bil-
lions  Of dollars.  Fafm  ifioornc  has  no(
risen  .I  the  rate  Of  rise  of  consumer
piiccs (from U.S.  Bureau of tJic Census,
1994).

F`ICURE 28:  u.S.  rartii rcccipts as pcr-
ccliragc  of consomcr  prices  (from  U.S.
Bureau or the Census,1994).

F[GURE 29: U.S.  farm acres and num-
ber   Of   farms   versus   pop`ilatiofi.   The
numbc. Of fans docreascs rapidly stall-
ing  io   1982.  Tolal  acfcagc  famed  dc-
crcascd   but   I.ot   as   rapidly,   indicating
sonic   gro`nh   in   lhc   size   of   avcragc
f.rms. rs `i/cll as loss or land (o suburban
devclopmcm   and   abandonmcm   (from
U.S.  Bureau of (hc Census.  1994).
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In the United  States,  ~18,000,000 barrels of oil  per day
are consumed.  Domestic oil  production  has  dropped  from
8,870,000 barrels per day in 1984 to 6,640,000 in 1995. a 25%
drop and consequent equivalent increase in imported oil.

Nonmetallic Minerals
Unglamorous bu( necessities of life, nonmetallic minerals

have a high "place" value as compared to high "unit" values
of metallics. Use of nonmetallic minerals is heaviest in (he
chemical  industry,  infrastructure  development  (roads  and
bridges). and building construction.  Consumption levels of
nonmetallics  is  surprising to  many people  (Figures  20 and
21). In the United States. salt and sulfur consumption grew
rapidly from post-World War 11 to ~1980 and  since then
has leveled. Salt consumption has more than doubled while
sulfur consumption  approximately  doubled.  Per capita  use
is dropping.

Sand. gravel, and crushed s(one use shows a similar rise
from the end of World War 11.  Because these commodities
reflect  the  general  economy  because  of  their  use  in  con-
struction.  the  consumption  levels  may  not  be  easily  inter-

preted  (Figure 21).  Contraction of the economy during the
oil  embargo  of the  mid-1970s  is  reflected  in  consump(ion
levels, as is the expanding economy from them to the early
l990s. Tremendous quanti(ies of (hese commodi(ies are de-
manded each year,  yet the  location of mines, quarries, and

pits for these materials must be located near the area of use.
Transportation costs  reach  $0.20/ton  mile  in  the  mid-conti-
nent region.  Suburban  overstepping of these  resources can
be a serious problem in me(ropolitan areas.

RESOURCE ACCESS
Future supplies of me(allic and nonmeta]lic minerals fre-

quently are located in wes(em lands, where scenic and rec-
reational land uses conflict heavily with mineral and energy
extraction uses.  Public  lands  (i.e.. those  lands  managed by
federal  agencies)  have  been  retained  in  federal  ownership
for  various  reasons  since  the  days  of  open  homesteading
and now are managed  for nonresource use. obviating much
of the  "multiple  use"  philosophy  tha(  prevailed  during the

pos(-World War [1 years un(il (he mid-1970s. New laws and
regulations  have  decreased  mineral  entry  access  to  these
lands  to  preserve  them  in  their  present  state.  This  is  to the

detriment to the development of the national  mineral estate
but to the advantage of recreational and aesthetics interests.
The trend in recent years has been to designate large wilder-
ness  areas  and  endangered  species  habitats.  effectively  re-
ducing  or  eliminat`ing  mineral  and  energy  development  or

other occupancy uses. The extent that these withdrawals im-

pact the ability of lhe nation to meet its mineral needs can be
measured by the amoum of land withdrawn.  Of 576,869.000
acres  (233`455,686  hectares)  of  federal   lands,  ~62%  or
359,152,000   acres   (145.346.823   hectares)   are   restricted

from  mineral access to some degree and  322,189,000 acres

(130,388,102  hectares)  (56%  of all  federal  lands)  are  se-
verely  restricted   from  access  (Figure  22).   further  with-
drawal efforts are continuing in Congress.

NONGEOLOGIC EARTH RESOURCES
Several o(her earth resources are crucial to (he well-being

of society.  Fishing,  limbering,  and  agriculture  all  play  es-
sential roles in society. In the United States, extensive home
ownership  and  availability  of housing  is  dependent on  ac-
cess to lumber.  Paper is created from forest products.  Sea-
food restaurants are popular in the current heal(h craze. The
nation provides ci(izens wi(h a cornucopia of fibers, fruits.
vegetables, and mea(s. All of these are earth resources upon
which our social fabric is constructed.

Timber  and  lumber  consumption  exceeds  production  in
the United States. Wood imports rose ~75qro between  1980
and  1986 and then declined to  1980 levels by  1991. reflect-

ing  a  constniction  boom  and  later  ``bust"  in  that  decade

(Figure  23).   Production  rose  during  the  early   l980s  and
dropped only a few percentages in the latter part of the de-
cade.  although  consumption  declined  considerably  during
the  recession  of  1991.  Consumption  remained  a(  a  >10%
increase  between   1980  and   1991.  probably  reflecting  the

population  increase.  Homebuilding  and  construction  levels
control much of the use of wood products.

Fisheries   consump(ion    has   risen   drama(ically    in   the

United  States  since  1970 (Figure 24). The emphasis on the
health value of seafood and increased production of seafood
resulted  in  a  signiricant jump  in  per capita consumption  in
1985  from ~52 to 63  lbs (23.6-28.6  kg)/person.  New pro-
cessing methods for bulk conversion of raw  fish  to deriva-
tive  products  (e.g..  imitation  crab  from  Alaskan  pollock)
helped fuel the rapid increase in U.S. consumption. The do-
mestic  catch  increased  dramatically  from  ~1988  through
1992 with corresponding lessened imports (Figure 25). Part
of this may be due to new and tightened restrictions on the
foreign fishing fleet wi(hin our 200-mile limits.  Loss of the
Pacific salmon rishery in  1995 may seriously impact the do-
mestic ca(ch and imports may rise. There is concern that (he

global oceans may bc overfished.
Agriculture provides most of the food that graces the na-

tion`s tables. The  U.S. agriculture policy has been based on
inexpensive  and   abundan(  food  and  (hc  na(ion`s  faJ.mers

have always responded. The  United States has the cheapest
food prices  in the  world and an abundance that many coun-
(ries can only dream abou(.

Agriculture export/import balances are increasing in value

each   year  (Figure   26).   Exports  dropped   precipitously   in

1985  and did  not  recover until  ~1989:  however.  increasing

import  values  kept  the  u.S.  net  export  below   1980  levels
through   1992`  the  last  year  of  available  data.   Farmers  re-
ceive  an  ever-lessening  percentage  of  value  or  American
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food  (Figure  27).  Whereas  in   1980  the  farmer  received
~31 % of (he consumer market-basket cost in revenues, by

1992  the  farmer received  only  22%.  When  farm  value  is

plotted against consumer expense O=igure 28), the disparity
is easily seen; between  1980 and  1992 consumer food costs
nearly doubled, but fan income increased only 10%.

A consequence of this disparity in income is the decline
of the number of American farms and the number of hect-
ares farmed (Figure 29). The number of fans dropped from
~2,500.000  in   1975  to  a  little  over  2,000,000  in   1993.

There was a net increase in the size of the average farm. The
area  farmed  dropped  from  I,059.000,000  to  978,000,000
acres. Some of this loss was to subufoan development: some
was to abandoned farms or conversion to hobby farms. Be-
cause  population  continues  to  increase,  individual  farms
mus( become more efficient to feed socie(y. Each famer's

production  feeds  more  and  more  people  each  year.  Each
Kansas famer's crop feeds the equivalent of ~100 people.

SUMMARY .
Per capita  consumption  rates  for  earth  resources  in  the

United States are stabilizing,  but population increases con-
(inue to place demands for more and more earth materials.
On a global scale, the demand for new earth resources of all
kinds  is  staggering,  as  other  countries  struggle  to  survive
and their societies aspire to U.S. and European material af-
fluence.  Supplying  these  resources  is  the  task of the earth
resource professions.  Minerals and energy are the province
of the geologist.  Extraction  of minerals and energy  is cur-
rently conflicting with popular demand for preservation of
scenery and recreational opportunities free of industrial de-
velopment. In (his setting, some speculate on when mankind
will run out of the resources upon which socie(y depends so
heavily.  The  answer,  of course,  is  that  geologic  resources
will  not  run  out  (Figure  30).  The  abili(y  or willingness  to

pay  for  certain  resources  are  (he  limiting  factors.  Society
will substitute other materials for those that become too ex-

pensive. Copper will never be "gone", but new, rich, easily

time

The ration will rot nin out ol resources. it may lose the ability to pry for
them ...... a§ ricl`n®sS goes do`Irn.  cost goes up.

F.tGURE  sO:  Economic  Limits  to  .csourcc  extraction.  showing  the  rela(ionsl`i|)  bc-
(wean rcsourcc richness and cost per unit.  As richncss dcclincs, the cost of each unit
gees u|]. Ttx:hnological dcvclopmcn`s can tcmporaTily §(cm rising unit cost (modiricd
from GCThard and Weeks.  1996).

mined  deposi(s  may  no(  be  readily  discovered.  There  will
always be lower grade deposits until the costs of mining and
smelting become too great to bother.  Substitution of other
rna(erials  then  (akes  place.  Sometimes,  as  in  (he  case  of

plastics and aluminum, the (echnical superiori(y of new ma-
terials and technology simply overcome the market for for-
merly used materials, such as iron.

Geologists face a difficult task in meeting future U.S. and

global resource needs. It would be helpful if society under-
stood (hese needs.
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DISCOURSES ON SUSTAINABILITY IN THE OIL INDUSTRY

Nicholas Grollman
Department of Geography and

Environmental Science
Monash University

Clayton, Victoria 3168
Australia

Discourses on sustainability differ widely in their philosophy and focus.  Common
to all is the understanding that human development cannot and does not take
place without some interaction with, and influence on, the natural environment.
Beyond this, the differences may be greater than the similarities.  A broad
classification contrasts the radical with the conservative, the imaginative with the
prosaic.  The key participants are, variously, the government and its institutions,
bureaucrats and "experts," the scientific community, private corporations, special
interest groups, the community at large and nature itself.

The response by the international oil industry to environmental concerns, in
particular climate change, during the 1990s has been channeled through several
distinct discourses, each emphasizing different aspects of the relationships
between human potentials and needs on the one hand and the earth and its
resources on the other.  These are briefly characterized as follows:
Denial:  typical of early responses to a perceived threat to a previously
unchallenged activity, this discourse attempts to downplay the importance of
sustainability issues and to deny their legitimacy in the absence of rigorous proof.
The ''denial" discourse runs parallel with an anti-romanticist argument which
seeks to bury environmental idealism in its own myths.
"Promethean'':   an optimistic view of the essentially unlimited nature of oil and

gas resources under appropriate economic and technological conditions, to be
exploited to their full potential through a philosophy of "wise use" wherein
environmental concerns are countered by human ingenuity.  Within the same
discursive domain there is a counter-argument that oil and gas resources are,
indeed, rather limited and that their conservation makes good sense both
economically and environmentally,

Market environmentalism:  an economic rationalist approach that values
environmental assets and liabilities in market terms.  Carbon emissions trading
and the Clean Development Mechanism feature in this discourse.
Balance:  this discourse acknowledges the inevitability of tradeoffs between
energy resource use and ecosystem preservation, and advocates a scientifically-
based approach to "balancing" economic and environmental goals, with a focus
on technological ``fixes''.



Ecological Modernization:   in this approach, the tensions between government,
industry, scientists and environmentalists are resolved through ``corporatist"
partnerships that reformulate the nature of energy-dependent infrastructures with
the goal of decoupling economic growth from energy use.

The way one discourse views the world is not always easily comprehended by
those who subscribe to other discourses.  The analysis of each involves an
understanding of the worldview of its proponents and a deconstruction of the
metaphors and rhetorical devices employed.  Each can then be fleshed out by
looking at its historical origins and the politics around which it has evolved.   Such
analysis is of value in determining whether the discourses within the oil industry
form an evolving and converging set of arguments from which to chart a course
for a sustainable energy future, or whether there are contradictions between
them which must be resolved through a deliberate policy process.

In the context of this conference, recognition of the range of extant discourses is
a first step toward the initial goal of eliminating the rhetoric and avoiding ``a
scrambling for dominance of perspective."  Understanding where participants
stand in this regard will facilitate meaningful dialogue between adherents to
different viewpoints without having to return continually to first principles.
Moreover, interchange can then occur across discourse boundaries and it is this
process, which is dialectical in nature, that brings about change.



Position Paper for Conference on

Meeting  Societal  Resource  and  Environmental
F]equirements  for  the  21St  Century

Effective Studies of Ecosystem Management/Pesource Extraction
Plelationships  Plequire  Multi-disciplinary  Science

Marguerite J.  Kingston
U.  S.  Geological  Survey

The rapid  rise of the world's population, coupled with the universal drive toward
higher living standards, places an increasing burden on the carrying capacity of
the Earth.   Continued population pressure could endanger the earth's
habitability.   Increased population also means a greater demand for natural
resources,  including clean water, topsoil, and industrial minerals as well as
hard rock minerals, and fossil fuels.   To improve our stewardship of this fragile
planet, researchers need to address an earth system that integrates geology,
hydrology and biology with biochemical elements.   Effective environmental
science not only spans the breadth of the natural sciences, but also engineering
and social systems, and the socio-political arena.

Broadly trained scientists are needed by society to deal with and solve these
twin challenges of environmental deterioration,  and diminishing  Earth
resources.   Although it is often repeated that the really interesting discoveries
are to be found at the interfaces between scientific fields, many universities do
not provide a supportive environment for scientific efforts that cross disciplinary
(departmental) boundaries.   In addition, there exists a scientific illiteracy among
working scientists who are forced by our present educational system into
extreme specializations at early stages of training.   A physicist may know little
about genetics.   Biologists don't understand semi-conductors.   The education
system needs to provide graduate students with new opportunities for
interdisciplinary study and  research.   A new generation of scientists and
engineers need to be trained to address interdisciplinary problems related to
biogeochemical processes in complex environments.   In addition, science
education for non-scientists should provide an  integrated science curriculum
that focuses on societal issues.  A more integrated approach to science
education will allow science to be taught in a broader societal context.   If the
difficult problems surrounding environment and resources issues are discussed
in the classroom, science will become more relevant to the average student.

Interdisciplinary science already has made important advances in mineral-
environmental  research  including  bioremediation  of environmental
contaminants.   Bioremediation, the degradation or stabilization of contaminants
by microorganisms (e.g., bacteria, fungi, actinomycetes, and cyanobacteria) is a
safe, effective, and economic alternative to traditional methods of remediation.

I



designed with the goal of providing  information on single agency missions.
They also tend to focus on a single resource or issue.

The  National  Science and Technology Council  (NSTC),  a cabinet-level council,
is the principal means for coordinating science and technology across the
federal government.   Its Committee for Environment and Natural Resources
(CENFt) has recognized a high priority need to integrate and coordinate
environmental monitoring and research networks and programs across the
Federal government.   This effort will allow a comprehensive evaluation of our
Nation's environmental  resources and its ecological systems.   By integrating
these monitoring and research activities, the Nation can begin to assess the
status of resources and their multiple uses in the context of entire ecosystems.
Integration will add value to existing programs by linking broad-based survey,
inventory,  and monitoring information to research on environmental
mechanisms.

Sc/.ence /.n  the Wafi.ona/ /nferesf is a science policy document  released  by
the President in  1994, that reflects the efforts and contributions of a diverse
group of individuals drawn from academia,  industry, professional societies and
government.   The actions described in this document are being implemented by
the NSTC.   I would like to close by connecting the five goals set in Sc/.ence /'n
the Wafi.ona/ /nferesf to the importance of multi-disciplinary research to
effective studies of ecosystem management and resource extraction.
These are to:

Maintain  leadership across the frontiers of scientific knowledge
Enhance connections between fundamental research and national goals
Stimulate partnerships that promote investments in fundamental science
and engineering and effective use of physical, human, and financial
resources
Produce the finest scientists and engineers for the twenty-first century
Paise the scientific and technological literacy of all Americans

I
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Materials Flow and Sustainability

M aterials extracted from the Earth
are necessary to produce our most
fundamehial needs -food, clothing ,
and shelter.  Materials are needed
to maintain and improve our stan-
dard Of living.  Understanding the
whole system Of materials foow ,
from source to ultimate disposition,
can help us better manage the use
Of natural resources and protect the
errvironmehi .

1900         1910         1920         1930         1940         ]950         1960         1970         1980                   1995

Raw Materials Consumed in the
United States, 1900-1995

Sincel900,useofconstructionmaterials
such as crushed stone and sand and gravel
has increased from about 35 percent to 60

percent Of total non-food, non-fuel row
materials consumption in the United
States.  Consumption of non-food and rl,on-

fuel agricultural and forestry products has
dropped from about 60 percent to 5 per-
cent of total raw materials consumption
during the same period.

•-+

Materials Flow Cycle

Materials flew
Materials flow, in its most literal sense, is a systems approach

to understanding what happens to the materials we use from the
time a material is extracted, through its processing and
manufacturing, to its ultimate disposition.  The U.S. Geological
Survey (USGS) investigates how materials affect the economy,
society, and the environment.  The purpose of this work is to
understand how and why we use our resources and to identify

policies and practices that make resource use more efficient and
more protective of the environment.  Some materials-flow studies
identify and trace trends that, if they continue, could have
worldwide economic and environmental impacts.  For example,
when considering the total domestic non-food, non-fuel material
consumption, a current significant trend is the declining share of
renewable resources, such as agricultural and forestry products
(i.e„ cotton and wood), and the increasing share of nonrenewable
resources, especially construction materials.  Another type of
materials-flow analysis is the commodity mass balance study,
which follows and quantifies the flow of a single commodity
through its entire cycle.  These analyses identify areas where
adverse impacts could be minimized through reducing wastes at the
source of the materials, improving waste utilization, and enhancing
efficiencies.  Commodity mass balance studies have been
completed on arsenic, boron, cadmium, chromium, cobalt, lead,
manganese, mercury, salt, tungsten, vanadium, and zinc.

U.S.  Department of the  Interior
U.S.  Geological  Survey

USGS  Fact Sheet FS-068-98
June  1998



Reports

Current reports include Aggregate
from Natural and Recycled Sources;
Economic Assessments for Construction
Applications; Consumption of Materials
in the United States,  1990 tol995;
Crushed Cement Concrete Substitution
for Construction Aggregates; Energy
Consumption for Recycled and Natural
Aggregates; Mercury -A Materials Flow
Study -An Update; Recycling of Metals;
Sulfur -A Materials Flow Study; Total
Materials Consumption -An Estimation
Methodology and Example Using Lead;
and Trends in Minerals Exploration.
When completed, selected reports will be
posted on the USGS Minerals
Information web page at:

http://minerals.er.usgs.gov/minerals

Materials Flow Cycle for Aggregates

f,Recyc],ngrilL":?n
Demolition

aRgeg%Cg]£tde

Construction

1970                  1975                  1980                  1985                  1990

World & U.S. Materials Use, 1970-1995

P ople worldwide consumed about 10 billion short
tons of non-food, non-fuel row materials in 1995 ,
almost double the materials consumed in  1970.  Over
this period, the United States has been consuming
about one-third Of the world's total materials

production.

Partnerships/Customers

The USGS works with other Federal, State, and local
agencies and private interests to develop an understanding
of materials flow and sustainability concepts and  to form
partnerships to address materials-related sustainability
issues.  U.S. governmental partners and customers include
the President's Council on Environmental Quality, the
Environmental Protection Agency, the Interagency
Materials Flow and Industrial Ecology Work Group, the
President's Council on Sustainable Development, the U.S.
Department of Commerce, the U.S. Department of
Energy, and the U.S. Department of Agriculture.

For more iyiformation contact:

U.S. Geological Survey
(303) 236-8747, Ext. 238

Minerals Information Team

Prepared by John L. Sznopek
and William M . Brown



Learning to use our natural heritage in ways that do not diminish it

By Tamara Nameroff

Natural resources are the historical foundation of America's prosperity,
and remain so even in the modem, information-driven age.  Although an
enormous gift, the sheer abundance of resources we enjoy has contributed to our
tendency to spend our natural capital inefficiently.   In many cases, we choose to
use our resources for short-term rewards without regard to the long-term
economic, environmental, and societal costs of those decisions.  As our
understanding of natural systems has improved, we increasingly have become
aware that limits do exist (although they are not well-defined at present), and that
the consequences stemming from resource-use decisions are much greater than
ever anticipated.   Ensuring that our remaining resources continue to meet our
own needs as well as the needs of future generations will be a major challenge
for the next century.  We must protect our natural heritage by leaming to use it in
ways that do not diminish it.

Nothing is inherently wrong with using natural resources to meet the
material needs of a growing population and economy.  However, upward trends
in many of the indicators that we use to gauge our quality of life (from life
expectancy to per capita income to education) have not come without a price.
During the last 100 years, human impact on the environment has risen
dramatically as the scope and scale of our activities has grown.  Large-scale
alterations of the landscape, and increasing intensity of industrial and agricultural
processes already have induced changes in global biogeochemical cycles--most
notably for carbon and nitrogen---that underpin the functioning of natural
systems.  Loss of biodiversity due to habitat destruction, as well as increasing
competition from nonnative species, may precipitate widespread changes in
these systems as well.

Protection and use of natural resources both are woven into the fabric of
American society.  Some elements of our resource base shape our
environmental ethics, cultural values, and aesthetic sense.  Wilderness and
parklands, biodiversity, and certain species are a source of spiritual sustenance
for many.  Plants and animals, soils and minerals, clean air and water are among
the many goods and services provided by our natural capital that have clear
economic value.  Except for petroleum, bauxite, and potash, 70 percent or more
of the minerals and metals consumed in the U.S. are domestically produced,
according to the World Plesources Institute.  These resources help the U.S.
provide about one-fourth of the world's goods and services, and contribute to the
high standard of living we enjoy.  Although we are fortunate that we can meet
many of our own requirements using our own resources, the result is that many



of the environmental impacts of mining, processing, and transporting minerals
and metals also are realized in the U.S.  Use of domestic resources also
contributes to transboundary environmental problems such as coastal marine
water quality degradation, acid rain, and climate change.

It is clear that in some cases society's demand for resources outstrips the
ability of natural systems to reliably provide them now and in the future; in other
cases, wastes generated in the process of extracting or using the resource
cannot be assirriilated over the long term.  In these instances, we have chosen
(implicitly or explicitly) to sacrifice the long-term viability of the resource base for
the sake of short-term economic gain.  Sometimes these decisions are driven by
the failure of economics to capture the full monetary cost of using the resource.
The use of wood and disposal of non-toxic mine tailings illustrate these concepts.
Although the use of wood is not damaging per se, timber-dependent communities
are vulnerable if overharvest compromises the ability of children to follow in their
parents' footsteps, or if poor forestry practices lead to serious intervention in
order to protect scarce habitat for vanishing species.  Similarly, non-toxic mine
tailings are not inherently detrimental.  But when so many tailings piles are
generated that they blight entire landscapes, strain the capacities of communities
and local governments to control their disposal, or compromise water quality,
then they are a problem.

A sound economy and a vibrant society are inextricably linked and
irrevocably dependent on the health of the natural environment.  The physical
condition and extent of natural systems in the next several decades likely will
depend on how we manage large-scale landscape changes such as
deforestation, expansion of agricultural land, and urban and suburban growth, as
well as resource extraction practices.  The approach we take must recognize that
environmental threats are not always comparable or additive, since the scale,
timing, and effects of each problem are different.  A better balance between
resource use and environmental protection is particularly important for those
natural resources that are not renewable over human time scales, and for those
environmental problems linked to resource use that are not easily solved, even
with anticipated advances in technology.

The earth and biological sciences both are critical inputs in shaping new
approaches that recognize conservation of resources is an essential societal
asset rather than an economic constraint.  By integrating these disciplines, we
augment our understanding of how ecosystems function, why biological
resources are found in particular locations and not others, and how they have
changed over time and are likely to change in the future.  Better communication
among scientists, while a step in the right direction, is not sufficient.  Cooperative
and interactive dialogues among scientists and decision-makers will be required
if our nation is to use science to reshape its natural resource policy.



Specific areas where greater understanding needs to be fostered in both
the scientific and policy-making communities include:

1.      developing standard data collection and reporting methods to monitor
conditions and evaluate quality of biodiversity and natural resource stocks;

2.      disseminating data on mineral and biological resources;
3.      identifying indices and integrative measures of natural systems that can

gauge rapid change;
4.      degradation, or improvement of those systems;
5.      developing methods to fully value the environmental services of natural

resources and the costs of using them;
6.      establishing metrics and methods to evaluate tradeoffs for all natural

resources uses;
7.      integrating valuation tools into new technologies to make land-use and

conservation decisions;
8.      developing new technologies to minimize the "footprint" of resource

extraction activities and minimize the amount of resources needed to
produce a good or service;

9.      developing better models to evaluate appropriate temporal and spatial
scales for resource management;

10.    developing the capacity to assess cumulative effects of resource use
decisions and predict the broad range of biological, physical, environmental,
social, and economic consequences of human actions.

Although by no means a complete inventory of the many steps that must be
taken to ensure we learn how to use our natural heritage in ways that do not
diminish it, this list illustrates the types of challenges and opportunities we will
encounter as we strive to do so.  Only a handful of these tasks can be
accomplished by either scientists or policy makers acting alone.   By working
together and using the results of scientific research to improve management of
our natural capital, we can fulfill today's needs without compromising those of
future generations.
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lnstltute for Energy Economics and Policy
Deregu[at]on & Prlvatlzatjon Gal)abllities

•   P.rdcll)atlon lD glol)al work eit deregulatlon. prfu.tlzatloii

lA .11 gas. eleetlclty
•    Expcrtlse. experlence wlth lEA. OPEC. APEC. malor oll

exp®rtJlig economle& |ilolial .Ilo ieglobal lDdustrles .i]d
|0,OnmcI'ts

•   Strong lbformatloq. IDlom.tJon teclliiology sources,

capabllltles .I]d Danagcment
•   Worfulig relatlebsJilps wltli key leaders Ill wodd oll.Iid

i.s lndtlstry. govonments, Intern.tJonal a gencles
•   Backed l]y tlie tecbdlc.I oll experdse of s.rkeys

Purpose
•   Tolook.tthelicwr®Ie olAslaln glot]al eneuy markets

•nd energy s€cllrlty ld tlie developmeiit of sound I)Iol)al,
B.tlon.I, alld regloli.I electilc iiowei. petroleilln. .bd
tr.Iisport stntegles for the 21st C€Iltury.

•   Deregtilatlon and prfu.dzauon.re crlqcal for the future
®',,11

7

•   bstltut. le. b.rgy Econ®fllc. ull p.Ilc..S.rt.r. fl].r" Cut-.
ml`ndtv.louahen.whlchmAd-Ill.onidt-hole.I
•conoqtc..ndpelitlc.I.n.I`dy.nd.era.ce..rmfu1I.
d.och. dyke.I.en td.Iic.. I.qu. - tll. Ce.I- q® di.
|erf. hdoec.I®ea blliisllJ.L deed.oouLdg )

•   P[ce Elerg`/ Fortlli l.cliulcO. I.IIcy €.d..*.rfe colpml
enem/ I.up I-reb±! .c.mlco lECC I.orgy futlii I. . 23
nout.ei.¢n®m/I.rig.es.clstd.th.(CCwhleb.ae.be-
ll.bi.IIiAPECbngWerkli|]6m..A.qurifledil--tlAp
qlcedcaehad

•   |em.dwLlcb lldB. clleat...I.Ieovisle..ed tlrme»lerqmr
•larmh. .Iill lIMstDwh.. (.eepetr..d®®I.con)

•.IOul.Ii.Lni.   .LnA..i..L"4mst"-i€;==a=...                       I

• I   .'  Visionstatement

Asla  llas made  great strfd€s IIi  mcetlDg  her coergv
lieeds  .Ilo seculty lil the I.st two IIecades.  Some
in.lot cllallcoges remaln. bowever. .. tlic  energy
economy expiilds. grows com|ilex. .ltd explnlllllg
coiisqmer   lleeds   place   more   demalids   .ii   the
SystefnL    MecdDg  lpels  reqi]l.emedts  and  lI€.lth.
colety.   .lid   emilroliDcatil   iieeds   wllJ   r€qulre
€.refullv   Integrated   solutJops   wltli   .   dyi].mlc
energy economy

To liberalize
•   "l® in.ke ll.cnL I.ee. Iicl®n| l® Ill. pe®|ile-

•   ln energy to Ill)erallze mcal]s to renove prfee reyulltl®d.

promote co mi]ctltl oD, I)dr.tlzc ftite owned cemi]adles.
establlsli local in.rkcts whlcll Interact lreclv wltll
lnternatl opal marfets

•   lIs has pTovlded the no.els loi reoul.tlod. dereguladon.
•iid llmlted regiilatJon

•   Nest cconomles I.ve lllti[ted r€gul.qoiis wblch lilclule
enil..nmentaL ...in. s.I.ti "les

N-.n .... i.   L.."..I-mwm`I--.3;i-i:e;=I-                   .



ELJ

-  What is the status of deregulation and
rt   privatization  of electricity in Asia, APEC?

'     .   Adr.i]ced iltwadz.Uel] Ill US.Ai]anla. IIcv Zc.I]Bd,

I,I)all
•    .   P]rd.lprmthtl.III] C.mda.Nedc.

•   Prfu.dzadou mder study lb ipost.tlier a.tlons
•   Ail coimtrles stlll liave |idce re|dl.Uoq, Iec.I mono|]olles

2

Oil markets are very transparent, cfficlent

•   Tooar. market ls llke. Toyota I.ctorv
•   Crude. product ngplles.rrfuc |Iisl in tlipe
•   Inlomatlob, lillomat]on tcebnology.re eddcal
•   BIsk qtai]ageiiientmres-.re key lacters
•   Less, llde si].re crvdc. i]rodiict ci|i.clty reqplred
•   Biiyers, rchnery silfiply mil.9crs drfue tlle Darkct
•   txterbal factors-ve.tJler. I)olttlc-.re crldcal

What is the status of oil regulation,
privatization in Asia. APEC?
•   Full dereg.ni) |]rivatJz.tJob lii us. C.Iiadl llcw ze.land

SIII9aoorc.Ailstralla.JI|]an
•    PartJal dereg and |]rtwatJzatlon Ill M.laysta. Pb[Ilpiildes.

Tllallaiid.KorcLcblle,Peru
•   BcglnDlbg.nd |ilst ihde".y Ill mdo8e.lL lpdli. Iedco.

the Cblnas

The origins of regulation
•   U s bowed lrem lil..ez I.Ire lb the l9tll ceiltBry vto

Sbem.ilAliuTmst«890)]iillclaytoBAct(q«)
•   Wwrl. ll brotiglit ttlct centn.Is.i]il.ll sllocks ml]gbt

•Hcereilil.tl.iiwnlenw.sc..Iedw".wlll.
•   Repe.I.I.Iloc.doll n9el) and mirfetecoiioliilcs

encoiir.9cd ilo4]I all deregl)I.t]on .lid .hiltlz]t]eB
•   Electrlclty lleregmtlod. |]rhatlz]tlop nose c.ipplex
•   Ne.lth, s.fcty. €nvlreiiDent]l regt]I.tJobs acccotable.

•ecess.ry. deslr.ble when develoiied wltll Industry

I-.-Iti...   LL.-n-i..lmwmitr--ic;:.-=e==-



Impact on public need
fleregulatlol) .nd prfuatlz]tloo are maklng the glot]al
li]I]tistry more emclent .bd has reduced tlle cost el`.-::``.         irodDctloq. in.drfuctDrfng. tral]silort. al]d q].rkeqbg

•       .   Accopntlllllftyslilftsfrem I)ul]llcto|]rtwate sector

•   The qq.llty of products.Dd servlces ll.vc been gi€atJy
ml]"ed

•   All Ii.s beel] i]assed en to the cgaemer wbe llem.Dos
I)eie .illl gee bore

•   Ilct]ll p.rketlBg ouqets tare replaced servlce statlops
•Iid .ller inca pore tli.d iictrelcilm prodlicts

_  . _+|L-   LJ,_+|L:==+__J=-_i_.=L^--

Tlie lJ S ex|]erience
Large feder.I plgrallst)c, imltlcumnl deDoeraey
Well establlsted lIIdilstrlal .nd l]iilnctal sectors
lllgI]Iy ermcleBl coDp etltlve eu sector e|]er.tee lli mature
cmdentmart€t
Lowestxrellperyi]rodilcti]rlces,texeslnworld

Wlde I.nee Of |illce aiid qualfty cbolces
II]rfustrylllglify.ccountal]lelo..cdolis
Ll.blllty dcks .re .re.I
fisl g.IDful ..pro.cll t® dercgtllatlon

____-_Ill-    LLrl..eJ=±J±_=:I::: _ ;i+I   =  _-

3

Im|iaot on ellergy securiu
Concerp .vcr eBergy seclim/ promoted mte coDpanles
u4 re|]iilatJob Ill tlle l970's
011 markets hove llecome mlisi]areB| cmclcnL
|]Iol)alBe4 .bd free lloatliig
RcgDlated eeobomles .nd st]te com|).ble. .re .I .
if lsady.iitage Ill ted.rs market
Naby o|Itlobs ler soti|IIv secllrty , thteglc stocts.
elflclencles. dcm.b. restrllbt

lm|iaot on environment ullaliu
•   Ciistom€rs vallle €dvlronmenul qu.Ilty
•   Rellbers and d).rkcters ceitipete en iiq.Ilty, prtcc
•   Ma|or llldlistry |]IIvers .edlc.te4 to blgli qtiallty lic.in

safety. cnvlroiim eiitol standards
•   Local rchncls add D.rkcters mtist comfietc
•   Gevcmments sctrdle..qllsE
I   Exan|]lcs: Deetlng mbda(ed t]rgets Ill Eilr.fie.lie.d el

sebedule .Ill ulllelded lusts 1B sedic Aslaii Darkets
before in.nd.tell

==L.-N.I...   LLnl ....-. in+m=iii=.i==::=:=±

`     Sanctionsarearemnantofthe

.  imperial past
•   Idi]erlal regtllatloli ep. inbd sc.le
•   ln re.llty tliey.r€ self miloscll lob tirlll li.rricrs.galost

the I]atlenal lliterests .I tlie li.tlees wblcb lmil®sc tllen)
•   ld most cases tliev delil work and tJiey I.male the

eceliomy ®f the p.doll whlcll Iitip®se. tltcitl
•   Rdlect ll]terilil pelltlcal we.kbess ol tlie bauoils whlch

•ttedpt te Impose then
•   S.iictlods ldtcrfere wltb i]lobal eliergv.ecorty thtercst.

•IIO sltelild l]e epi]osed bv .11 l]atloii.



The Ja|Ian Ex|lerienc8
•   Large, moboclimnl, cepsci]sus demecncy
•   Ollg®iiellstlc lDdl]stry. flo.nclal sectors

•   lI.tpr. llienlclcot.ll lndtisoir. bl.rket
•   III9bestx rchdery costs/orfces.pd blgli taxes
•   Slow.very.aliifl)I der€gulatlod lli.ll sector
•   Electrfclty secor |IIst l]eglmlDg
•   Nm lias toted dere.ul.qei] crltlcal to l].liit.II)log

liii.Ii's competlthre role Ill vom ccoi]ony

=LLL.-urn.  LLr.n .... utm-.hi===±-

Tlie "ai ex|ierieilce
•   Dev€Iopllig coiisqtqtlonal moiiarchy

•   Vol.qle emeri]Idg li)dusulal.nd nnadclal sectors
•   Nb(ed st.te lnd llltenltlonal comi)Inles
•   Sboiig €emi]edtloB.tthe |]umil
•   I.wer I reflnery costt/i]rlccs
•   I.ck.I NSE regul.tloi]s over retill outlets
•   F.sL less pililful track t. leregul.t].a. stowcr

"|Imll®n

I

I

I

I

I

The India Experience
•   I.rge fc.enl. i]IgrallstJc. npltlcgltrral den®cncy
•   Elerill)I li]IIistlal.pd Ill)IDclil sectors
•   State.m€d.Il.i]d eleetlcfty coD|i.blcs
•   llgli x rellnery costs/ |irlccs.dd bl.ll tixes
•   Eleetdclty sectewery Dlxell

•   Oeregl]ladon |]Iaa vet to.e.do|Ited

4

Tlie Klirea [xiierience
•   M.tyrldg. monoctllur.I lpdi]solal denser.ey
•   OIIgoil®llstlc lli4iistlal.pd €me.gli]g in.pdal.ecters
•   C.npeone rcfli]ery ul barkeqBg lndpstry
•   lloder.te I refldery costs/prlces.pd blgh taxes
•   Coiicem over frfure eutem.I competldoi] I.s lrouglit

forge €xp.I)slop .I rellnldg c.I)acfty
•   Nederate i].II)ful mute I. dci€gtll.don

"e Pnilip|iine [x|ierience
•    Pliirallsdc, miiltJcllrmral democr.cy
•   Emergliig lndustilal.dd flnaliclal sectors
•   Ntred state. Il]terilatloi].I.lI ¢omii.iilc& Fotlr c.mpanles

l¢lt llecause el bad rcglll.tlol]
•    IIIghly competltlve rellltmg.nd in.d(edi]g wltblb tJic

ccoflomy,
•   Lover x rchliery costs/prices I-I lllgll utes
•   F.st bck to d€rcgul.tlon.regress
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U  `,-,   India-petroleum product consumption

Domestic a Import supply
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India-self reliance to open economy
•   Sctl Tell.lice  alid sustall).l]Ie develoi)ment flvored

mdltlonal lilets. transi]or| .nd bureaucratlc regulatJon ln
liotll mr.I .Dd prbal] elivlroiimcnts

•   llllnstructqre llevelopmep( I)as I.gged far I)chlnd.Ill
cwlrol)mental iillallty of llfc ls liia|ol prol)len

•   OI]colng.I tlie ecoliomy ln l990.s..s brougllt world
stalidard eliergy .nd .etreleqln requl r€mel)ts

•    lodla's colisomers arc leadlllg the govempieilt
le.egtll.t]oo .nd blglier quallty servlcc. frets

•   "e.ld system i]rev.IIs.nd ch.Dge ls slow

lndiauleregulatlon downstream 1998-200 2

•   Phased decontrol and decanallsatlon of
Imf)ort/export of some I)etroleum I)roducts

•   W]thdrawAPM for domest]c crude producers

•   llellneis l]uy c"ile al lmlilirt iiailn/

•   Pliased reduction ofAPM for products

•  Tariffs on Imported products &crude pliased

dorm
•  two phasesl998-9 and 2001.2

-_  .__-I-    Ll.II..-!= =++==-=CE+;=L_.T===iL-

6

: .  `_.`..`.   India-Psc marketshare 1997

mooas a di.s®l market share

dl,aelng,,a-,,

C] 'noun OilI)eh,O'

FE- I-_.I C) Nlndu.tan•'BP-
-

%        20%       .0%        .a.I       eo.I      1 ooic

uM.   Lln.-...Ln.onfti--i-.I....-i-

India-present regulatory system
•    Extreme l]llrealJcratlc regtllatloll of oroductloil. IdlporL

in.iiulactur€. dlstrfl]ilqoD. .IId marketJng ol  energy,
iiatilnl g.s. |]etrolcilm. |Ietroleqm products

•   Mliilstry of petroleum and llatural Gas ls |irfuary lnd

(1) apt)roves in.for progr.ms .i]d l]lldgcts
(2) . dmmlsmtcs prlclitg of iletnlcom iiredilctslpM
(3) .llocates crtide oll I. reflBedet
(4) oversees ii.doiial c®m|i]IIles+sos

•   APN  |lrovldes l2% return to psc. p.rlty t® Import crlJde

•rlcc. FX ch.bges. ftxed |]roduet d]argllls, .nd covers 9e%
el Ill prodt]cts solll

India-downstream deregulation 1998-9
•   Petroleum I)roducts decontrolledThaiihtha, Ileavy

ends, aviatJon fuels, paramn. asphalt
•   Crude, NGl diesel. mogas,ATE notyetlncluded

and sol)ject to higli Import tariffs
•   Major productsto be phasedto markctprlces

•   Crude Imports decontrolled and can be lmi)orted

dy llcensed refiners
•   Decontrolled products sell atMDP

•   Controlled products sell at adjusted Import |]arity
•--- co.in.   ..I..ri..`-Wt..rmlimi:===;a=a-                     U



``   India-downstream deregu]atjon 2001-2
-``        .   Subsldiesreducedonkero,LPG

•   Domesdc ervde prices allowed to dse to
lnternatJonal levels

•   Crilde and prodllcttarlffs reduced butnot

cllm]nated
•   Newmarketentryfor playerswho lnvestmjnlmum

$51K usd or E&P with 3mmt crude
•   full ileicolllatlom try2002?

:::±=.ii-in.   LLnd ...... a..in.n.I-i===:.  -                    g

Cli)na ai]pears to ltave a three state plan whlcli
tieglus witli restructiidng the oll and gas Industry
win emi]nasls oli creation ol blle sl]e ilieces
Next mlght be a partlal sell of of sllares

"enanaggresslve|olntv€nurlngstrategywitll
lntematJonal partners

lnterfuel competition for power and
transport and the investment maze

=-=-E±-EE-
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India-the national companies
•   ONGC ls a elasslc estal)llshed on the USSR mode

+model after USSR and state soclallst ndndset
Thorlzontal Integrated company
dureaiicradc monster wltll board room
constlltant doing sody

•   Publlc servlce companyrellners &marketers-
Indlan oil BIlarat petrolel]m llindustan
P€troleiinL IBP

===L,IL||,trHI,:=*.h_Iw+_=:L==LJ--?-:-

China oil demand 1995-2005

P®trol®um product a.in.nd orowlh
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Investment implications
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nestruclilrilig Oliina's oil ilidilstTy

•   As -ut.I tlle |coeral.verliaul.I.ll sqte lndllsules, the
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`.           |anh 199,

'¥          .   "e lew lramcwerk follow. lqtvll lot Be nusl]ell eqt lilltll

bld year
•   Oll IIidllstry A.s.tw.ys.ceD the I.nlbg Industry aild has

escaped n.oy bardslllgs
•   "c restrdctulpg. |]callpg.way or lion{ore.ssets.nd

u.I]lIIde. wlll ere.te pew c.I)Ital .cces& strateglc
•IIIaiices,.Iill|olntvelitilres.
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China-natural gas production

€NPC rfull]s I.tyest
I.teutlal .Ilo lias iil.bs to
tocre.se dowhstre.in
I'|Itets
SINOPEC ls 11 I]etter

oeut.o te develop
il.rkets .pd utllzldoti

by group in I)cm
Li

CHSIC -C"Oc wlll "eli           ....
I.cos en poNler D€lI,C      lso,pe
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China-crude oil production

CNPC las rctalned tlie
key. p.tiire ..c.a .Ad tlie
Western I)rovllices
SINOPEC Iias .in mlxed
I.9 .I. the IIecd fer
u®strc.in in.il.iemcm
m"lelllo
CNSPC .Dd CNNOC ]r€ tbe
a.Delortl)emomcptlut
llle muna

by g'®up MMT
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Cliina-crude oil refining

SINOPEC Ills tbe illrms

CWP0 Ills I moll ,11 ,1111
Ieed ler better
•ewiistre.in IIlp.genellt
toowledgc

CIS,a I C"00 ',lo ll®l
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I)y group in MMT
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Deregulation, privatization options
•   Slow tnck Pal).o)+reputes ceDse.sllsir.longed

•golii+censqbervaltsAlghcrenergrsecilrfty€osts-
reflners Ire IIot yet |loe-lty compctthrelnefflclcot .11
II]dlJstry.d.rket

•    Moderate track u(oical-|]rotects domestlc.Ofllllqg
lndlistry+tlsti]merw.ltsrfl]bersi]otyctiilol]allv
cemi]etltlvelilelflclelt.llqiarkcts

•   F.st o]ck (U S. TI].ll.ndLcqstone. lieii€m.+.IDful bllt
Ill)Ick+dllgs efllcleley tbroil.I market
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Keys to the path
•   Pregarlpg leadcrslllil  Ill.ll sectors loi global comi]eouob

-,I. ``.               throllgli gl]derstobdlng. trall]liig. Icarblng

:,    .   Often ecobomles emefyllig lrom I)rotected reglllated
covlrodments Dave fc.rs .t]out lorelgn com|)cutors

•   OI] tl)e contrary lomer plo(ectell compaDles can 8c
strong co mi]ethors wltll |irei)aratJo n

Ste|]s on tlle oil i]atll
•   Nl)mrc el u s alidTt]al cxperlence
•   Naiket tlfplD9 ls cfltlcal+otl] flpaitclal.lid oll+rbeii

world B.rket ts steady oi declll)lIIg
•   Prfuamat)oil flrstlollowed giilckly by opcoliig markets

to glol).I IdvestheDt
•    Ogep lmi)arts.I proi)llcts wltb lllgb NSE rsi|illremelits

•   Ilequlrc liew lplrastructllre tl be llst slll)suntl.I+ddg
edstng lrfusoti€ure tlp to s.me stliidard
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Gas Reserves and Production

__1

Potential in APEC

D. J. O'Brien
Institute for Energy Economics and Policy

Sarkeys Energy Center

lEEP Centers of Excellence
The C.nt.r for En.roy Market An.lysls( CEMA) wlll don.lop .n .nnlial
olol)al .I.roi/ outlook beqinrllno ln 1999 111.dditlon to lor.casts for
") SLipply/d®irLand for oil products .or North Am.rlca (NAOPS) .nd
the Elsl.in Hemisphere (ESOPS).  CEMA ls also dov.loplng EWxAS
whlcl` wlll provide . unique tool to pl.a .nd rlsk man.o® w.&th®. for
•n.roy compankis world wide.
The PECC Energy Forum T.chnlcal .Iiid Pollcy C®ot.r (PEfTP) vision
ls to provide the 2. PECC member ceolromies quality ecoroy .nelysis
•nd .upport (all APEC .conomi.a ar. m®rito®rs)  PEFTP ls curr.ntly
d®v.loplng . in.|or study of  PECC ®as lrifr.stniclui. with pollcy
•.conmndations for in.mb.r .conornl.s
The C.nt.r for Energy Policy Analysis (CEPA) vlslon ls to provld®
•ner.y pollcy .n.Iysls .nd  ..cormi®ndatlons b.set on quellty
lachnic.I .nd .corromlc uno.rst.ndlno .nd I.s..rch.  CEF'A .leo ls
a.v.loping .11 Energy Teehoolooy Asscasm.nt Syst.in |ETAS) which
will provld® . tlm® .nd cost .v.luatlon of .menglno .n.roy
tcehnoloqles.  CEPA rias p.o`rld®d .xt.nsiv. .dvlc. to put.Iic, prlv.te,
•nd .I.I. .neroy camp.nl.s .nd eov.rnm.nts .®oardino
ere.nzzalk)n. a.rngl.Iatlon. flnlnc.. .nd f)rlv.tlzatlo.l.

Gas is . . .
I different than oil (stating the obvious)
• different from economy to economy
I infrastructure sensitive
• complex in some and simpl® in others
I impossible to forecast but easy to assume
• driven by the markets and firm Offtake agreements
• markets first, supply second, and transport/investment

next
• delivered to the market by pipes, LNG, and in liquid

form.  Technology and economics-say GTL-an alter
the supply patterns

r`  ^Qriah   1_4r`c:.1?i.1R?1 /3|80fax)   dobrien07/06/19980U.edu

lEEP
• The lnstitu(e for Energy Economics and Policy (lEEP) is located ln

the S.rkeys Energy C.nt.r. unlv.rslty ol Oklahom..  Sark.y.
Ene.gy Center ls the most compr.hensive c.nl.r ®1 knowledg. ln
the oil .nd oas Industry with seven lnstltlJtes drJlc.ted to .pplied
res..rch with pailners ln ov.I ao countries .nd c\v.r .a private,
public .nd state oil cornp.ni.s worldwlde.  Sack.ys technic.I
res.arch is oli the cutting .doe of I.chnotogy alld has over 160
rose..ch associ.tea .nd gr.duale Stud.nts from n..rly all the
APEC economl.a.

I IEEP has a global energy vision .nd h.3 tli. mlsslon ol
developirig quality energy .conomlcs b.sod all qu.lily r.search
arid technical understanding a. energy .ystems, ore.nlzatlon. .nd
glob.I  sLipply and den.nd.   The lEEP works closely with the
C.splan PetroleulTI Technology lnslltute .nd the PECC En.roy
Forum .nd ls the home oT the PECC En.rgy FonJm Technle.I .nd
PO'icy C.n,e,.

Objective
• To provide the Asia Pacific Energy

Research Center a review of gas supply
and potential for the APEC region in
support of the ongoing work for the
APEC Energy Ministers

• The review was conducted by a team of
experts at Sarkeys in May 1998

Gas and the Asian crisis
I Flat to negative growth in key Asia APEC economies
I Improving economies in Western Hemisphere
• China, Japan are critical
I Large investment in gas utilization in N Asia could

meet post Kyoto targets, boast all of Asia, and develop
gas markets

I Many gas supply projects delayed and on hold.
I Oil projects will continue since markets are efficient

and Asia crude easily fits.  This will add gas reserves
and production

I Gas projects need offtake agreement
• Without stimulus package gas demand/supply  will

grow slowly
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APEC gas assumptions to 2010
• NAFTA three are integrating and  OK ls the center
I Peru, Chile have small domestic markets with

transborder export potential
• Japan. Korea, C Taipei. Philippines are LNC receivers
• China will develop uncertain domestic potential with

possible coastal LNG
• SE Asia will have limited market and pipe development

and LNG exports will be driven by N Asia
I Australia, New Zealand have domestic market growth

and LNC exports are driven by N Asia
• PNG is stranded and pipe to Australia is the best hope
• Russia has the gas potential for N Asia but it is beyond

2010

D OBrien   1 -405-325-3821 (3180fax)   dobrien07/06/1998ou.edu

Reserve and capacity assumptions

• Crude oil, gas, and  NGL are difficult lo sort out
• Sustainable production capacity=85./.nameplate
• Gas has been underexplored and undefined in most of

APEC except the U S.  Once rogardod as a curse
• Reserve numbers are really guess work which have a

rather large margin of error
I Investment and operation economics normally require

maximum thruput for gas transport systems
I Both LNG and pipeline systems will not be built on

spec without firm offtake agreements or sovereign
guarantees

Global Gas Reserves vs Production

1998                                                                          199.
ect                                                                       be'
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Global Gas Reserves vs APEC
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Global LNG imports & exports  1997
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APEC Asia  LNG Projects,1998
•PI.con.me         start    .nd      cost     c.pr.s.rves    dtst
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Global gas processing 1997
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APEC/ASIA Gas PipelineprOjects
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APEC gas reserve distribution 98
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APEC gas reserve distribution 98
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APEC Gas Reserves 1998 vs 2010

Gas
(bcf)

1998

2005
2010

D OBrien   1-405-325-3821(3180fax)   dobrien07/06/1998ou.edu

APEC gas reserve distribution 98
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APEC Gas Reserves 1998 vs 2010
COLOMBIA
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APEC Gas Reserves 1998 vs 2010
ECUADOR
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APEC Gas Reserves 1998 vs 2010
I Camisea may hold up to 7x

current reserves with lltcf
gas & 0.6bb conderrsate
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APEC Gas Reserves 1998 vs 2010
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APEC Gas Reserves 1998 vs 2010
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APEC Gas Reserves 1998 vs 2010
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APEC Gas Reserves 1998 vs 2010
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APEC Gas Reserves 1998 vs 2010
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APEC Gas Reserves 1998 vs 2010
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The Geopolitics of gas
Many geopolitical strategists believe that gas

provides both environmental and security
benefits

-diversifies supply
-provides fuel for electric power projects
-has a wide geographic range
-provides environmental benefits
-55% global demand increase 1994 to 2010
-decline in gas demand in FSU masks world

growth
-World gas demand in  1994=213 bcf/d
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IEEP Centers of Excellence
- The Center for Energy Market Analysis( CEMA) will

develop an annual global energy outlook beginning ln
1999 in addition to forecasts for the supply/demand for
oil products for North America (NAOPS) and the
Eastern Hemisphere (ESOPS).  CEMA is also
developing EW*AS which will provide a unique tool toa plan and risk manage weather for energy companies
world wide.

.. The PECC Energy Forum Technical and Policy Center
(PEFTP) vision is to provide the 24 PECC member
economies quality energy analysis and support (all

•         APEc economies are members)  PEFTp is currently
developing a major study of  PECC gas infrastructure
with policy recommendations for member economies

Sarkeys international outreach
I The Energy Institute for the Americas (EIA) headed by

Ambassador Ed Corr woks with research
organizations and public and private sectors in the
Americas

I Caspian Petroleum Technology Institute (CPTI) works
with the Casplan States.

• Institutes of Gas utlllzation, Environment, Rock
Mechanics, Reservoir Characterization, Geosclencos,

1iave consortia based research with over 40 companies
in 30 countries in addition to most of the major
companies and organizations in the U S and Oklahoma

I More than 300 intemational research associates,
faculty, and graduate students participate in Sarkoys
Energy Center

IEEP
• The lnstitLile for Energy Economics and Policy (IEEP) ls located ln

the Sark®ys Energy Cent.I, University of Oklahoma.  Sackeys
Energy Center is the most comprehensive center of knowledge in
tl`e oil and gas Industry with seven Institutes dedicated to applied
research wi(h partners ln ov.I 30 countries .nd over 30 private,
public and state oll companies w®rldwlde.  Sark.ys tecl`nical
res.arch is on the cutting edge of I.chnology .fid h.s over 160
ies.arch associates and graduate students from nearly all the
APEC economies.

• lEEP h.s a global energy vislon and has the mission ol
developing quality energy ecof`omlcs based on quality research
and technical understanding of energy systems, ore.nlzation, .nd
9Iotlal  supply and den.nd.  IEEP is expe.lenced fascllltator and
provider of strategic .dvice fo. .nergy orgaf`izalioes.   The lEEP
works closely with the Casplan Petroleum Technology lnstitu(e
and the PECC Energy Forum and ls the home of the PECC En.rgy
Forurri Technlcal and Policy C.nter.

IEEP Centers of Excellence
I The Center for Energy Management (CEM)) provides

executive energy management training and assistance
in developing strategic visions and planning for
clients.

- The Center for Energy Policy Analysis (CEPA) vision ls
to provide energy policy analysis and
recommendations based on quality technical and
economic understanding and research.  CEPA also is
developing an Energy Technology Assessment
System (ETAS) which will provide a time and cost
evaluation Of emerging energy technologies.  CEPA
Iias provided extensive advice lo public, private. and
state energy companies and governments regarding
organization. deregulation, finance, and privatization.

D.  J.  O.Brien  1-405-325-4701      (3180fax) dobrien07/06/1998ou.edu
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petroad  . . .
I is the short name for petroleum advisors.
• is dedicated to helping organizations

develop  global and regional strategic
visions, presence, planning, human
resources, and business.

I associates are experienced leaders in
industry, government, and professional
organizations.

-can assist in matters concerning image,
risk, regulation, executive education,
and tax.

[Critical  issues...                                 ____i
I The financial crisis . . .
- Recovery?
I ls there a supply security issue?
• Can Asia refiners obtain a full menu of crudes to

meet product supply/quality requirements?
- C.n Asian nations take a price shock?
• Can product imports continue to meet import

requirements?
• I: there an capital avails problem for energy

projects in Asia?
•' . Will the oil industry meet environmental & product

qualify requirements?

|Background: explosive economic
|& energy growth . . .

•3j,        f&1997
`' I,,

an¥~y
-.''...7j,`090' '9L ,,¥,  i,f?aI,-

:rfu    T©ieeap=86    -
;S,

-L-_`_.~-..-,ill

Agenda
I The Asia background
• Impact of Asia financial crisis
I The new economics of energy in Asia
• The supply outlook for oil in Asia
• Deregulation, privatization, restructuring
• The outlook for gas
I Implications for businessrdevelopment &

investment

Key environmental issues relating
to global  energy . . .
- Transborder air quality (acid rain)

-China's emmisions to Korea, Japan
•Eastern Europe and Western Europe
•US coal use and Canada

I Urban air quality
- Water quality issues

Oil spills
-industrial waste

I Kyoto and global warming
• Retail marketing of oil products is Impacted by

all the above

|qulenges in the As
• Economic growth and infrastructure
• Infrastructure constralnts
- Meeting energy, oil demand
I Meeting supply requirements

•refined products
•regional crude sources
-LNG and electric power
-balancing supply/demand by imports of
crude and products
-global implications

•  Structure of the energy industries

D. J. O.Brien 1405-3254701      (3180fax) dobrien07/06/1998ou.edu
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I Infrastructure constraints...          i
• Roads, bridges, traffic,
I Ports, airports
. HOusing
• Medical, health
• Electric power
• Quality fuels for transport, electric power
• Air and water quality

Asia-Pacific economies have
grown (too?) quickly . . .

I Japan set the pattern with strong domestic
discipline and targeted export growth (1970)

• Korea, Singapore, Hang Kong, Tawain followed
(1980)

Thailand, Malaysia, Indonesia were next (1986)
: China, India, Philippines are the latest  in the

economic race (1990)
I The integration of the region is next
• The current economic crisis--ls it a bump ln the

road or a long term factor?

|lmportantmilestoneswere...       I

I 1973 oil shock brought discipline &
management to the Asian economies

I Substitution & efficiencies in 1980.s
• Lower oil prices & FX change boosted

economies
• Inter-regional trade, investment expanded

in late 1980.s                       .
• Highest savings rates and capital

availability in the world from late 1980's
I Asia-Pacific economies can now deal with

any future oil shock

Asia's savings and capital avails

S

were  the highest in the world . . .
-

tTF?                                I

EPea 4pe                                .. g=RE=
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Mexico (924) vs E Asia (95-97)
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Anatomy of a crisis
• A world wide realignment of currencies rolled ln

Thailand ln  Fall 97
I Capltal flows had  stlmulated demand, equltios and

real estate values, growth of bank assets and loans,
and bullt large external current account deficits

• The inflated Thai balloon economy burst and triggered
slmllar reactions in Malaysia, Indonesia, Korea  and to
a lesser degree ln the Phlllpplnes

• Mahatir and Suharto made a bad situation worse for
their economies                               .

I Japan's weak financial structure was oxpos®d
I The rest of Asla has been less affected
• The next shoe is China. Hong Kong. and Taipei

Currency depreciation, share price
values, and interest rate risk in a crisis

I Mexico may provld® some
rilnts on timing of  recovery

• Flscal and monetary
•djustments, X rate
float,structural & market
llb®rallzation and emergency            ~
finanical packages contained

I lntomal r.form of banks and
opening financial markets                  u_

I cost=14.4./. of 1997 GOP
amortlz.d for 30 yrs                            " ..-.

I GOP wa. 5.2 & 7./. in 96-7 a
Cpl f.II from 52 to 15./.
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Crisis in Asia
Economic Growth
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Thailand: melt down and fire sale
- Stock markets crash
I Bhat crisis
• Property tumbles
• Labor market slows
• Auto sales drop
I Wall Street worries
- Oil demand drops?

I Tourists Invade
• Bhat stabilizes?
•  Clobal players enter
• Investment expands
I Export trade expands
I Labor market Increases
I Oil demand lncreasesl

GLOBAL OIL DEMAND 1994-8

I World gro`^rs at 1.8%
- Strong orouth ln

Asla-Paclflc ls flat ln 98 &
Latln Am®rlca grows

I Manglcal Impact of
®conomlc growth on oil
demand

'. Asia currency crisls and
weather wlll sriav® d®marid
ln 1997¢.

-N®®d to understand
seasonal  w®ath®r effects

1sO4e all d.in.nd

|g.celoeE).7|ee

LONG TERM DEMAND OuTL00K

I Experts agreed on
77.78mmb/d ln 2000  and
over 90mmd/d by 2010

• New cnide capaclty
additions have exc®ed®d
demand annLlally since
mid 1980.s

• Gas, ailtemate fu®Is,
®ffici®ncles will moderate
oil demand grovvth

I F{evls®d IEEP factors
growth and alternative
fu®ls Into new (2-98)
forecast

FORECASTS BY IE^ OPEC ^^10 PEl

Oil market outlook  1998
- W®ath®r & AFC have made a slgnlflcant Impact
• Global economic growth uncortaln
I Information technology has^^/lll play a major role
• T®chnology contlnu®s to drlv® costs down
• Environmental quallty wlll rals® costs
I Polltlcs & scl®nce of global cllmat® change unc®rtaln
• Global r®flnlno capaclty/®conomles very tlght
• Volatll® seasonal markets for oll and gas
• Global gas Infrastructure and markets expand
I Ad®quat® lnv®stm®nt capltal-lack of good economlcs
I Alternat® fuels and v®hlcles a d®cad® out
I Studid sanctions and polltlcs contlnu®
I Signlflcant Industry r®structurino contlnu®s

n    I   n'Brien  1-405-325-4701      (3180fax) dobrien07/06/1998ou.edu
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Meeting Asia-Pacific oil  product
supply requlrements . . .
• Major refinery capacity additions on

stream in 1996-7 (planned in 1991-2)
I Slowrdown post 1997 (poor margins in

1994.5)
• Overbuilding of gasoline capacity
• Global surplus of attractive light crudes
• Global avails of gas oil, jet kero
i Theoretical tightness 2000 and beyond

The new energy economics in Asia
I Oil supply side w`II not be Impacted slgnlficantly
I Future gas supply faces Increased uncertainties
-Petroleum product demand base picture wlll not sort

out for another 6-12 months
I Coal etc benefit in electric power and industry
• lpp's need to be recallbrated
• Llquldity problem but no capital shortfall
I Deregulation, privatization, restructuring are

stimulated

Asia has 4.6 % of world oil and 6.8°/a of
world gas reserves . . .
•S"^T(a Wo[Lo CRUDE Cxl tES(l`/ES   .rovto oniLe....in.I. or N^T`..A a^.
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World oil product demand  1990-2010
NonoECD Asia ex China
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The import story

- Net product import
grows from 2.0 to 5
mmb/d in 2005

I Net oil imports
could grow from 9
to over 15 mmb/d

I Mid-East major
source but PADDV
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ASIA-PACIFIC OIL DEMAND DRIVES OPEC
1987-2000

_,-r --
I

14198821.199121.19942                  1997                      2000

OPEC    ASIA-PACIFIC      OPEC
SUPPLY       DEMAND       CAPACITY

Wagging the oil dog 1985-98-
35sO

riarkct e#raency

NonorECXFSu

ecncrty
-VVT'Prfee-OPEC

n                        wea'h

2S20 •          -                                 mgn`                ifequfa
egeo, pnvaoza«on

'5,'0 E±,`
e5(            9o             prk:5in$             97                  Gig8

What is driving the current oil
market?
I Efficiency, transperancy
I Oil market came into balance in early 1997 after

t`^/o years of weather driven product market
imbalances

• Continued non OPEC crude capacity expansion
plus increased refinery expansion in Asia
increased supply of both into the markets

• Warmer and other demand reducing weather
factors have further softened rfuarkets

I Economy driven factors in Asia--petrochem, I.et
fuel, and other demand just now showing some
effects.

A simple thesis
I Significant new supply growth of high quality crudes

emerged ln the Atlantlc Basin in 1993 and contlnue to
place downward pressure ln a globallz®d market

I This was checked by weather ln the winter 95€ and
strong Asia demand provided a floor to Dubai crude

• Product markets-lnbalancesi)rovlded an uplift to
crude prices through mid 1997

I O`rersupply pressures ln both crude and product
returned

I EI Nlno lias created a major problem
-Asla demand will not provld® a floor this time
• The fundamental ov®rsupply does not change in the

next five years-nly weather and polltlcs can change

D. J. O'Brien  1405-3254701      (3180fax) dobrien07/06/1998ou.edu
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Thailand--Deregulation plan
Obiectives

ndllow market forces to set oil price
nget politics out Of pricing
ndchieve energy efficiency

Steps to deregulation   May 27,1991
+nterim price controls based on

Singapore/spot prices
+^ieekly changes jn wholesale pricing
+minimal taxes and Oil Fund
-marketing margins set by company
Full deregulation   August 19,1991

ngo`rt sets taxes and oil fund
tree pricing ex refinery, imports, wholesale,

retail including margin PIT defacto sets
prices)

Thailand marketing margins
1986-1995

Marketing Margln
Bahv'i',a
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Thai deregulation-Conclusions
• Consumers get more choice, lower prices, better

services, more choices
I Marketing companies have thin margins, less

regulation, better investment climate. more marketing
options at site

I Government continues to monitor and PTT/BCP are
proxies for government  and set market ceiling

I Barriers removed for building/expansion of refineries
- Service stations have dramatically increased but many

will not survive
• Need to upgrade all stations to quality health, safety,

'   and environmental standards
I Customer is first in Thailand

The fit for Asia based companies
I The big five international players (Shell,

Caltex, Exxon, Mobil, BP?)
I The nationals (Pertamina, Petronas,

Sinopec, PTT, IOG, CPC, etc)
I The one country refiners (Korea, Japan)
• Power and gas players in Japan, Korea,

Chinas, India
I International gas players
I Multifuel players (CRA, BHP)
-The want to be crowd

Thailand-keys to success
-Competition at the pump & relaxing

regulations & rules
I Free import of products
I Making PIT compete in the market
• Marketing companies set the pump price
-Timing of deregulation
I Not all retail marketing is up to quality

health, safety. and environmental
standards

D. J. O'Brien 1405-3254701      (3180fax) dobrien07/06/1998ou.edu
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Alliances and competition
Urm"'&'m

ENRON
UNOCA

SHELL
BP
CONOCO
ARCO
PETRONAS
PERTAMIN

i  BHP                   ti

NIPPON OIL
TONEN
COSMO

I  MITSUBISHl
SHOWA SHELL
ESSO-MOBIL SEIKU
LG CALTEX
YUKONG
SSANGYONG
HANWHA
HYUNDAI
SINOPEC

Three competitor strategies
ARCO-.ARCOlias no ideas"

I u I AI
•small domestic role in gas

flew ideas-Lukoil, China, -strong role in gas in Europe
Algeria Qatar. N Sea. -reserves & LNG focus-Qatar.
whdonesia

Oman. Yemen. Indonesia-Hainin-HK pipeline
-pipeline Myammar to Thailand

good move with UNOCAL
¢lec(ric power in Myammar,

UNuCAL Vietnam. Thailand. AIgentina
-reinvented Colombia
•shift to Asia -Strat alliance with Petronas on
-Thailand gas bas Iran gas-
-pipeline focus

I Critical issues...                                   I
- ls there a supply security issue?
-Can Asia refiners obtain a full menu of crLldes to

meet product supply/quality requirements?
• Can Asian nations take a price shock?
• Can product imports continue to meet import

requirements?
• Is there an capital avails problem for energy

projects in Asia?
I Will the oil industry meet environmental & product

qualify requirements?
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China
• Position long term for big bang
• Upstream

{NPC opens onshore in 2000
{NNOC always looking for something
gas utilization is now on agenda
China Star an old & new player

- Downstream
-SINOPEC reorganizing
•Alternatlve fuels for transport

• Tactics
•Tarim
•Techology to mature fields- Canadian Fracmaster
gas, gas. gas

Indonesia
• Position for big bang
I Upstream
I gas to LNG
I .tech to mature fields
• -givels, CNG, LPG, Other
ioownstream
I  -Refining linked to marketing
T -retail marketing outlets

engineering & construction opportunities
I    -Small power generation oportunities after
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Ecological   Footprints:   Evaluating   Sustainability

A.  R.  Palmer,  Institute  for  Cambrian  Studies,  Boulder,  Colorado

Introduction.

The concept of ecological footprints was introduced to the general public by
Wackernagel and flees (1996).   Its premise is that each of us has real areas of
Earth's surface dedicated to our consumption of food and wood products (footprints
of the same name); to our use of land surface for buildings, roads, garbage dumps,
etc (degraded land footprint); and to forests necessary to absorb the excess carbon
dioxide produced by our burning of fossil fuels (energy footprint).   The sum of these
footprints can be calculated and constitutes our ecological footprint.

If I drink orange juice and eat oranges, the quantity I consume in the course
of a year requires some or all of an orange tree and the land it occupies dedicated
solely to me.  The paper and wood products I use annually require some part of the
world's forest to be dedicated to my personal consumption.  The land under our
houses, parking lots, streets, businesses, etc. is degraded ecological land that is
taken out of production, and this loss is shared by all of us, as is the area of our
garbage dumps.  These are real areas, and form parts of a zero-sum calculation.

We need to eat; it would be hard to imagine a world without lumber, books,
newspapers, magazines, wrapping materials and cardboard boxes, so we need
some forest; and we are addicted to building cities, highways, airfields, etc. and to
the disposal of trash.   Earth has finite and recognizable areas of arable land,
pastureland, and forest.   Degraded areas encroach on all three of these, and
expansion of any one of these components must be at the expense of another.
Ecological Footprint Analysis of these real demands can give us some measure of
the degree to which Earth's surface can sustainably support humanity's patterns of
consumption as population grows and standards of living in developing countries
rise.

Our energy footprint is not subject to areal constraints.   It is a theoretical area
of forest that would be needed to sequester the excess carbon (as carbon dioxide)
that is being added to the atmosphere by the burning of fossil fuels to generate
energy for travel, heating, lighting, manufacturing, etc.   If we fail to sequester the
excess, it will build up in the atmosphere and create the potential for a possibly
catastrophic rate of global warming or other environmental stress.  To evaluate
sustainability, we must decouple the real demands on Earth generated by our food,
wood products and degraded land needs from the theoretical demands generated
by burning fossil fuels.   They reflect different kinds of sustainability problems and
are not additive.

The evidence that human-induced increases in atmospheric carbon dioxide
are already detectable has spurred international concern reflected at the Kyoto
conference in early 1998.  The corollary of this evidence is that the natural global
systems for carbon sequesteration are not handling the human contributions fast
enough.   Only about half of the carbon we generate burning fossil fuels can be



absorbed in the oceans and existing terrestrial sinks (Suplee,1998).   The most
effective way to sequester the excess carbon would be to ADD appropriate
amounts of NEW forest, because, on a global scale, forests are the largest
absorbers of C02 that can be increased.   Energy footprint analysis shows that the
amount of new forest needed is unrealistically huge, and thus there seems to be no
satisfactory mitigation available to limit the buildup of carbon dioxide in the
atmosphere.

If we deem the carbon dioxide problem severe enough, we can speed up
attempts to find `altemative energy sources that would reduce the amount of fossil
carbon being added to the atmosphere.   In the long run, the carbon dioxide
problem will be reduced for us anyway by the practical exhaustion of the finite
quantities of oil, gas and coal on the planet.  The supply of oil and its derivatives,
upon which we rely heavily not only for their obvious use in manufacturing and
transportation, but also for pharmaceuticals, plastics, fertilizers and tires, will begin
to decline by the middle of the next century (Edwards,  1997) or earlier (Campbell
and  Laherfere,1998) and be practically and perhaps politically unavailable within
the lifetimes of the grandchildren of young parents today.

Wackemagel and Rees (1996, p.15) concluded that the message from their
footprint analysis is "lf everybody lived like today's North Americans, it would take
at least two additional planet Earths to produce the resouroes, absorb the wastes,
and otherwise maintain life-support."   Pie-analysis of our United States footprint
shows that the problem of living sustainably on Earth is somewhat less daunting
than Wackemagel and Roes asserted, but it is by no means a non-problem.

The  footprint  of  the  average  U.S.  citizen.

In order to understand why there is a problem with sustainability of our
lifestyle, we need to think globally.   Any good almanac or encyclopedia will provide
infomation about the areas of the Earth that are in any way ecologically available.
When areas of true desert, and those covered by water or pemanent ice are
eliminated, this ecologically available land area, according to my almanac source,
is slightly less than 29,000,000,000 (billion) acres.  A significant part of this area,
such as tundra, semi-arid regions, areas above timberline, and swamplands is not
practically accessible for our food, wood products and land degradation demands.
United Nations estimates of areas of arable land, cropland, and pasture (FAO,
1995) and U.S. Environmental Protection Agency estimates of world forest cover
(Brown et. al.,1996) indicate that there are only about 22 billion acres of usable
land.  This sounds like a lot, but there are 6 billion people on Earth today and most
reasonable projections conclude there will be about 10 billion people on Earth by
2050.   Because our concern is for a sustainable future, we need to think in terns of
these 10 billion rather than today.  Thus, by 2050, the ecologically usable surface
of the Earth, will allow an average total footprint of slightly more than 2 acres per
person.  This number is fairly well constrained because the usable land area on
Earth is not going to change on a human time scale, and population will probably
not be significantly less than the projected  10 billion persons.



Table 1  shows the components of the ecological footprint of the average
U.S. citizen, which total 3.3 acres.   If we keep living as we do, our footprint will be
about 50°/o more than the fair share of usable land on Earth by 2050.   If all of
Earth's population tried to live as we live, we would need almost an additional half-
Earth, clearly an impossibility.   Our marketers seem oblivious to this limitation of
selling "the American way" to all citizens of Earth!

Perhaps we need to change our lifestyles, but what might we have to give
up?  Three categories of consumption contribute to our ecological footprints.   In
order of decreasing magnitude, these are wood products, food, and degraded land,
i.e. the land taken out of ecological availability by buildings,  roads, parking lots, etc.
As shown in Table 1, the overwhelming contributors to our footprint are wood
products and food.  The following sections will focus on these two aspects of our
footprints.

The wood products problem.

According to figures from the U.S. Forest Service (Plichard Hanes, personal
communication,1995) the annual U.S. demands for wood products of all kinds
require about 0.04 acre of forest dedicated to each one of us.  A slightly larger
wood products footprint can be calculated from data in Wemich et. al. (1998).   It
takes anywhere from 40 to 70 years to restore an acre of forest following
harvesting.  Thus, if we wish our current level of demand to be sustainable, we
really need at least 40 times 0.04 acres of forest dedicated to our per-capita
consumption.  This is the basis for our wood products footprint of 1.60 acres.

Earth has an estimated 10,130,000,000 acres of forest (Brown et. al.,1996).
A global population of 10 billion in 2050 that is consuming wood products as we do
now would need  16 billion acres of forest for sustainability,  IF all forest was
dedicated to human consumption.  We must not forget that a significant fraction
(probably more than loo/a) of earth's forests and other ecological land needs to be
preserved in more or less pristine condition to maintain a minimum base for global
biodiversity.   Declining quality and quantity of Earth's forests do not bode well for
this aspect of sustainability.   Some cutback in our use of wood products or changes
in forest management will probably be required in the next half-century.

The food problem.

Not all of Earth's ecological acreage is capable of producing food.
According to the United Nations Food and Agricultural Organization (FAO,1995),
Earth has only 3.3 billion acres of currently utilized arable and cropland, and 8.4
billion acres of pastureland of all qualities.   About 5 billion acres of the pastureland
could be converted to farmland, but much of it would be of relatively low qualfty.   If
we utilized ALL potential famland by 2050, the "fair share" of this food production
area for each global inhabitant would be about 0.8 acre.   Qualfty of existing
farmland is declining worldwide (Pimentel et. al.,1995), but creation of new areas
of arable land, especially if it is at the expense ot forest, is probably not a realistic
solution.



The food footprint for the average U.S. citizen, based on data compiled by
the U.S.  Departments of Agriculture (DOA) and Commerce (DOC) between  1992
and  1996,  is a minimum of 1.50 acres.   Comparable eating habits for the world
population  in 2050 would  require a 60°/o increase  in available arable land and
cropland, and pastureland.   It would appear that the whole world of 2050 could not
sustainably eat as we eat!   However, when our food footprint is broken down into its
food components, using per capita consumption figures from the DOA, the
overwhelming culprit in our footprint is beef (Table 2).

Why is the beef footprint so large?   Using DOC figures on numbers of beef
cattle and acres of pasture in some of the biggest beef-producing counties in
Nebraska, Texas and Colorado, the average beef cow requires about 10 acres of
pasture land.   Before most of these cows go to the slaughterhouse, they spend 120
to 150 days being fattened in a feedlot where the average cow consumes about
2600 pounds of grain.  This grain on average represents 0,4 acre of arable land.
Thus each beef cow has a footprint of about 10.4 acres.  At slaughter, the average
cow weighs an estimated 1,200 pounds, only half of which shows up as meat in the
supermarket.   Each pound of meat that we buy therefore represents 1/600 of the
beef cow's footprint, or about 0.017 acres.  That doesn't seem like much, but the
average U.S. citizen consumed 63 pounds of beef in 1994 (DOA), so that our per-
capita beef footprint was about 1 .07 acres.   Some of that acreage is arable land
that could be used to raise foods with smaller footprints.   If each of us would simply
reduce our beef consumption to about half of our present consumption on a yearly
basis (about 30 pounds -slightly more than 1  pound per week), and substitute
chicken or pork, for example, which are the meats with the next largest footprints
(both about 0.0009 acres/pound), we would go a long way toward permitting a
world population of 10 billion to have a potentially sustainable diet comparable to
ours.   Our food problem may be manageable with minimum pain.

The energy problem.

Our energy footprint, as shown in Table 1, presents a more serious problem.
The reason for this is that coal, oil, and gas, which fuel much of our immense global
economy represent carbon that was gradually taken out of the atmosphere many
millions of years ago by the burial of dead plants and animals in swamps and
stagnant seas and lakes.  Plelease of this carbon (as C02) into the atmosphere has
potentially troubling ecological consequences.   The biosphere adapts to changes
in its surroundings, given enough time, so the gradual and natural fluctuations in
amounts of carbon dioxide in the atmosphere, which are documented in the
geologic record, could in most cases be accommodated.   However, when
environmental conditions change too fast, the geologic record shows that
biospheric disasters of varying magnitude can result.

When we began to bum fossil fuels in great quantities to provide energy for
the industrial revolution, we began adding extra carbon, as C02, to the
atmosphere.   For a while, the natural systems could handle this extra load, but in
the past several decades, a clear increase in the amounts of atmospheric C02 has
been documented and the consensus among serious scientists is that this is the
effect of human activity.  The RATE of increase is disturbing because it may be



faster than the rate at which many components of the biosphere can adapt.
Everything in the biosphere, which includes humans,  is interconnected.   Unless we
don't care about the effects on humanity of increases in atmospheric C02 and the
potential consequences of rapid global warming, we need to get the excess C02
that comes from our burning of fossil fuels out of the atmosphere.

Forests store a large amount of C02 in growing trees.  The present global
forest is already nearly fully occupied with the re-cycling of natural carbon dioxide
that results from the breathing of animals, the decay of organic matter that is not
buried, and froin volcanic gases.   Pecent calculations by Brown et. al. (1996)
suggest that only about 15°/o of the carbon in the C02 produced from the burning of
fossil fuels worldwide could be absorbed by global forests under optimum
management of existing forests  About 35°/o can be absorbed by the oceans
(Suplee,1998).   In order to remove the remaining 50°/a, we would need to create
new areas of forest, or other biomass equivalents because we cannot make larger
oceans.  The dimensions of this task are formidable.

In  1996, the U. S. alone added almost 1.5 billion tons of carbon to the
atmosphere by burning fossil fuels.  After accounting for the part absorbed by the
oceans and existing forest, the footprint for each one of us is about 1 .7 acres of new
forest.  This new forest acreage needed to absorb 50% of just the carbon
generated by the U.S. is about 450 million acres, which represents somewhat more
than half the total acreage of forest in the U.S., excluding Alaska and Hawaii!  Thus,
if we wish to continue to bum fossil fuels at the 1996 rate and not add to the C02
problem, somewhere in the world we must create and maintain new forests equal
to at least half the area of all the forests in the lower 48 states!  This is probably an
unrealistic expectation, so either we have to find an energy source from something
other than fossil fuels, or we have to live with the consequences of atmospheric
buildup of carbon dioxide.

The  messages  from  ecological  footprint  analysis.

Four major conclusions can be reached from the information presented
above.

1.  The assertion by Wackemagel and Rees that we would need two more
Earths to sustain the world population of 2050 with consumption levels comparable
to those of present North America is a bit over-stated.  Part of this was a
consequence of adding the energy footprint to the food, wood products and
degraded land footprints.   However, the new calculations still show the U.S. per
capita footprint to be unsustainable as a goal for the world.

2.   From Table 1  it is clear that we can only sustain our present footprint at
the expense of other communities of the worid.  The whole of humanity cannot
consume as we do because there isn't enough ecologically productive land on
Earth for them to do so.  Thus, the "selling" of the American Way is not only short-
sighted for the long-term health of the world, but also immoral.

I



3.  The good news is that the our food footprint may be mitigated fairly easily
by simply reducing our consumption of beef to about half of our present levels and
substituting other meats with smaller footprints.   If we could accomplish this, a world
of 10 billion people might be able to eat more or less at the quality level of our food
consumption today,  but the problems of increasing agricultural pollution and
decreasing quality of arable land will have to be addressed.

4.   The challenging message is that carbon dioxide in the atmosphere will
continue to increase unless we find alternative energy sources of sufficient
magnitude to greatly reduce our current dependence on fossil fuels.  This is
primarily a problem for the next century because we will be forced to altemative
energy sources for petroleum, at least, by about 2100 as the finite pool of world oil
is used up (Edwards,1997).   Depletion of other fossil fuels will follow shortly
thereafter.

Problems for the future.

All sustainability problems are population-driven.   We need to work seriously
to see that long-term global population stabilizes at 10 billion or fewer.   While
attempting to accomplish this, we need to preserve our best quality farmland from
ravages of poor farming practice and conversion to alternative uses, such as
housing developments and industrial parks.   Water quality and soil degradation,
and the capacity of the world's fisheries, are not involved in the footprint
calculations, but are essential components of food production and human health.

We need to assure adequate supplies of clean water for all people, and
fresh water for all food production.  We need to face up to the evidence of declining
soil quality and the already troubling over-fishing of the world's oceans.   We also
need to face the political problem of declining petroleum supply and increasing
world competition for this diminishing resource.   It is in our best interests to get off of
our petroleum addiction while we can still do it peacefully and develop sustainable
consumption habits while we can still do it humanely.

I
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Table   1
The  U.  S.  Ecological  Footprint

Category

Food
Degraded  Land
Wood Products

Total

(Energy

acres/capita

1.50
0.08
1.60
3.18

1.70)



Table  2
U.S. Food footprint - summary of components

Commodity
1,      Grain
2.     Vegetables
3.     Fruit

4.     Dairy products`5.     Eggs

6.     Beef (minimum)
7.     Pork
8.     Chicken
9.     Turkey
10.   Lamb/mutton

footprint*
0.074
0.017
0.010

0.205
0.017

1.070
0.048
0.044
0.016
0.002

TOTAL                   1.503
*U.S. national figures in acres/capita

Slightly modified from a manuscript submitted to the University of Idaho"Green Journal" web page, May,1998.
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lMPORTS  AND  EXPORTS,  PETFIOLEUM  AND  CARBON  EMISSIONS:

WHAT  IS THE  BALANCE  OF  PAYMENTS?

JOHN   A.   PEDEFISON

The past twenty-five years have seen concerns for `shortages' of fossil fuels,
especially petroleum products in the past, to the present where there is an adequate
supply.   There has been a shift in concerns from shortage to the implications of energy
use on the environment.   Concerns for not too distant future fuel shortages are well
outlined by John Edwards, who presents the future decline of fossil fuel availability.
However the concerns of the moment are in the other direction, how to limit the effects
of fossil fuel consumption possibly limiting the consumption of fossil fuels, to enhance
the environment.

The United States has been a net petroleum importer for 50 years, and a net
energy importer for 45 years, signifying that petroleum has been the main leg at 39
percent in 1995 of the country's energy system for the second half of this century.  The
energy imports have increased steadily with the peak of expenditures for petroleum
products in 1980, when they expended $70.88 billion.   The quantity imports are at their
maximum in  1998, based on midyear data at 9.64 million barrels per day, which is 51
percent of U.S.consumption.   U.S. consumption and imports will continue growing
unless changed by some decree.   So, by year 2000, they calculate that consumption
will be 19.39 mbpd, with 52 percent imported at a cost of $71.35 billion.   For the year
2020, they show that consumption will be 24.4 mbpd, two/thirds imported at a cost of
$133.54 billion  or $366 million  per day.

The December 1997 Kyoto accord presents some serious challenges to the
consumption of fossil fuels in the U.S.   In addition, the administration is proposing
additional cuts in the green house gas (GHG) emissions beyond that outlined in this
accord.   "On April 21,1993, President Clinton committed the United States to the
stabilization of green house gas emissions by 2000 at 1990 levels . . . On October 22,
1997,  President Clinton proposed a stabilization of emissions by developed countries
at 1990 levels between 2008 and 2012, with reductions below the 1990 levels .  .  .  In
2008 an emissions trading system would be in place, with credit for early reductions."

More discussion on these aspects has followed as per the comments by John
Ferriter.   The central commitments are greenhouse gas emissions reductions for the
world's industrialized countries, the so-called, Annex I countries .  .  . The specific
reductions from 1990 levels vary from country to country . . .  The United States agreed
to 7 percent ,... "  Weiner reviews the idea of a world market for green house gases, or
emissions trading, ``allowance trading could direct the flow of substantial resources
from richer to poorer countries."   Novak and Denhardt in their discussion of the
economic effects on the economy of reduced GHQ gases, more specifically C02
emissions, present data showing C02 emissions cost/ value of $100 to $300 per
metric ton of carbon.   Given these values, monetary costs of direct compliance, bearing
the emissions cost for C02 alone have been prepared.



Achieving the goal of reduced carbon dioxide emissions may be difficult.   The
EIA said `There are several reasons that the target specified by the Climate Change
Action  Plan (CCAP) is unlikely to be realized.   First the U.S. economic growth has
been higher than assumed at the time the CCAP programs were formulated.
Secondly, energy prices have increased at a more moderate rate than initially
assumed in the early 1990s.   Third, funding levels for a number of the CCAP programs
are lower than those initially requested."

Currently, petroleum is the most prevalent source of energy, at 39 percent in
1995, followed by natural gas at 24 percent, coal at 22 percent, nuclear 10 percent
and renewable at 9 percent.   Petroleum is the leading emitter of GHG, followed by
coal, then gas.  On a unit of energy basis, coal is the highest emitter, with gas at the
low end and petroleum between.

Since the U.S. has been a net importer of fuels for nearly a half century, the cost
of these imports has steadily increased as the fuel imports fraction of total domestic
fuel consumption has increased.   In addition, this has had its impact on the difference
between exports and imports or balance of payments.   They recently highlighted the
issue of the balance of payments or trade gap in the Denver Post newspaper, which
discussed the increased level of imports this year without any compensating increase
in exports.

RESULTS

The above discussion has provided a setting for the results which are shown on
five tables.

Table I using Energy Administration for petroleum production, costs and imports
for the historical period  1970 to 1998, followed by projections from 2000 to 2020.
Table 11 carries these petroleum data forward and translates them into their equivalent
C02 emissions, expressed as metric tons carbon.  The increase in emissions over the
1990 base and the 7 percent reduction of the 1990 base are also presented as some
separate entries.  While there is no proposal to penalize production of C02 above
1990 levels prior to 2000, the data are presented for planning purposes.   In addition,
early reductions are encouraged.   Comparing the bottom lines of calculations, the cost
of imports is greater than the cost of C02 emissions trading (or tax in like amounts).
These calculations use that these $100, $200 and $300 per ton metric ton of carbon
disposal costs.

Table Ill shifts the scheme of things from petroleum to the composite of
petroleum, natural gas and coal consumption or fossil fuels, their emissions issues
and costs.   Line I shows the EIA projections translated into carbon emissions, with line
2 presenting the 1990 base level followed by the 7 percent reduction factor.
Translating these carbon emissions into costs follows the same pattern as before.  The
accompanying line showing the historical and projected future costs of importing fossil
fuels using the EIA schedules.  These data show that at $100/mt, fuel imports cost
more than carbon emissions exports, at $200/mt, they are conceivably in the same
range, and at $300/mt, C02 disposal costs are greater than fuel import costs.



Table lv, provides historical data on the exports and imports of goods and
services and their difference, the balance of payments, along with the net imports of
fuels for comparison purposes.   We provide these data for the historical period 1980,
with 1998 updated based on year to date information.  The data show that the balance
of payments took a sharp hike in 1984, held high for a period, then dropped
significantly in  1991, and have generally increased since then.   The 1998 import
increase, fueled by the Asian market price drops has had a great increase, overriding
the significant drop in crude oil and product prices.

Table V is the future projections from 2000 to 2020 of balance of payments
(BOP) at various rates and fuel imports vs. varying the cost of excess C02 emissions.
We project the BOPS at 2, 4, and 6 percent per increases.  The 2 to 6 percent increase
in BOP clearly include the range of costs associated with C02 disposal.  These
disposal and fuel import costs however are some far greater amounts than the country
has seen.   Accordingly, we need significant reallocations of exports, imports, or
alternative means of resolving C02 emission.   In addition, apparently the unasked and
unanswered questions about what stage in the production, transportation processing,
distribution or consumption cycles are the emissions costs to be imposed and on what
basis?
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PETROLEUM a  lMPORTS  -  TABLE  I

Factor
Millions of Barrels
Product Supplied

BOPD
BOPY

Net Imports
BOPD
B0PY

Cost of Imports
S per barrel
billiens S per year
Import share supplied

1070

14.70
5.366

3.16
1,153

1980              1990              1005

17.06                16.99               17.75
6,227             6,201              6.479

6.36                 7.16                 7.89
2,321              2.613              2,880

33.67               21.13                   17.5
70.88             56.32             50.34

0.37                0.42                0.44

1096

18.37
6,705

8.50
3,103

1097

18.62
6,796

9.16
3,343

1008

18.91

6,902

9.64
3,519

2000

19.39
7,077

10.17

3,712

2005

21.12

7.709

12.10

4.417

2010

22.63
8,260

13.67
4,990

-

2015

23.60
8.614

14.92
5.446

2020

24.40
8,906

15.98
5,833



Factor
Carbon Production (mt)

Petroleum

1990 Base Level Prod.

Excess Emissions I
Increase over Base Level

Excess Emissions 11
7 percent over Base Level

Total Excess Emissions:

Export Cost of Emissions:
$100/mt
$200/mt
$300/mt

Cost of Imports (millions S)

1990

583.20

583.20

4,082
8,165

12,247

56,320

PETROLEUM & C02 EMISSIONS   -   TABLE 11

1995              1996              1997              1998

599. 50          620.80          635.46          645. 24

583. 20          583.20           583. 20           583. 20

16.30             37.60             52.26             62.04

40.82             40.82             40.82             40.82

57.12              78.42

5,712             7,842
11,425            15,685
17,137           23,527

50,340          62,270

93.08           102.86

9,308          10,286
18,617           20,573
27,925          30,859

63,780          47,420

2000

655.80

583.20

72.60

40.82

113.42

11,342
22,685
34,027

71,350

2005

708.10

583.20

124.90

40.82

165.72

16,572
33,145
49,717

90,490

2010

761.50

583.20

178.30

40.82

219.12

21,912
43,825
65,737

106,390

--

2015

795.70

583.20

212.50

40.82

253.32

25,332
50,665
75,997

120,200

238.90

27,972
55,945
83,917

133,540



Factor
Carbon Production (mt)

Fossil Fuels

1990 Base Level Prod.

Excess Emissions I
Increase over Base Level

Excess Emissions 11
7 percent over Base Level

Total Excess Emissions, mt

Export Cost (millions S)
$100/mt
$200/mt
$300/mt

Fossil Fuel Imports (millions S)

FOSSIL FUEL a C02 EMISSIONS  -   TABLE Ill

1990             1995             1996             1997              1998             2000             2cO5             2010             2015             2020

1,338.00        1,411.40        1,462.90        1,480.45        1,498.22        1,577.30       1,688.cO        1,803.20       1,888.30        1,956.20

1,338.00        1,338.00        1,338.cO        1,338.00        1,338.cO        1,338.00       1,338.cO        1,338.00       1,338.cO        1,338.cO

0.00             73.40           124.90           142.45           160.22           239.30           350.80           465.20           550.30           618.20

93.66             93.66             93.66             93.66             93.66             93.66             93.66             93.66             93.66             93.66

93.66           167.06           218.56          236.11            253.88           332.96           444.46           558.86           643.96           711.86

9,366          16,706          21 ]856          23,611           25,388          33,296          44,446          55,886          64,396           71,186
18,732           33,412           43,712          47,223           50,776          66,592          88,892         111,772        128,792         142,372
28,o98          50,118          65,568          70,834          76,164          99,888        133,338        167,658        193,lee        213,558

54,630          49,840          60,130          68,330          50,300          76,870          93,540        113,770        125,600        138,660

-



Exports (millions S per year)
M®fchandis®
Sorviees
Sub'ctal:

Impede (milllong S per year)
Merchandise
Sorvieco
Sub'ctal:

Ex - lm . Balanc® of Peymonl., (-)

Total Fcesil Fuole N®`  Import.
billk)ac  S

EXPORTS, lupoRT8 . Col EWISSIONS  . TAIIE IV

ioeo            1 oei            1 co2           Ices           loo.           ioe6           ieoe           loco           ieoo           icol            ico2           ico3

224,2co        237,Oe5        2ii.198        2Oi.820        219,goo        215.9i5        320,2co        362,i2o        3e9,cO7        .ie.913        .+a.352        .56.e32
•7,684           57,354           sO.516          co.085          66,coo          73,155        iio,933        127,022        1.7,.77        163,eio        177.305        186,iio

271,834        294..39        270.7i.        261,905        286,ae3        289,070        .31,163        ae9.i42        53e.7B.        5cO,723        6i7.657        642,951

(249,75o)     (265,o63)     (247,642)     (268,goo)     (332..22)     (338.OcO)     (u7,leg)     (.77,365)     (.98,337)     (.cO,981)     (536,.5e)     (6e9..4i)

10..           1.06           1000           10.7          1,0.0

so2..co        575,040       eii.660       370.325       6e2.cO2
195,830        210.590        223.cO7        258.268        256.657
690,cO2        7e6,530       e35,576       937,593       9io,059

(66e.50.)     (7.9,36.)     (7cO.343)     (877,279)     (8es.69.)
(.1.491)        (45.cos)        (47,415)        (sO,616)        (63.739)        (72,862)        (99,.91)      (103,535)     (118,783)     (119,61.)      (119..6.)     (125.5.9)     (134,097)     (1.2,2cO)     (1sO..40)     (170,520)     (173.8.5)

(291,241)      (3io.566)     (295.o57)     (3ig,516)     (396.161)     (.io,9sO)      (546.e8O)      (5cO,900)     (ei7,i2o)     (6io.695)      (655.922)     (714.99O)      (cO2.681)     (891,694)     (949.7co)(1.o47.7co)  (I,o71,5co)

(19..o7)         (16.127)        (24,343)        (57,611)     (io9,778)      (121,8cO)      (115,517)        (91,758)        (cO,336)        (29,872)         (ae,265)        (72.039)      (io.,370)      (i05,064)      (114,2o7)     (Ilo.2ol)      (152,4co)

7o.e8o          7o,ogo          51.6sO          46,2co          48.570          43,6Oo          35,5cO          44,350          54,6sO         .3,8ae          45, 7cO         .7,6.0         ". Ice         .9.840         cO. 1 co         6e.3so         co,ae

- LIE



BAIANCE OF TRADE  - TABLE V

2,000            2.005            2.010 2,015 2,020

Balance of Payments, Various Rates
2%
4%
6%

Export Cost of Emissions:
$100/mt
$200/mt
$300/mt

Petroleum Imports & Emis Exports
$100/mt
$200/mt
$300/mt

119,048         131,429         145,098
126,230         153,621         186,957
133,635        178,804        239,239

33,296         44,446         55,886
66,592          88,892        111,772
99,888        133,338        167,658

104,646        134,936        162,276
137,942         179,382        218,162
171,238        223,828        274,048

- -

160,188
2:rl .S%J
320,102

64,396
128,792
193,188

184,596
248,992
313,388

176,848
276,900
428,297

71,186
142,372
213,558

204,726
275,912
347,098



"MEETING SOCIETAL F!ESOURCE AND ENVIRONMENTAL

REQUIREMENTS FOR THE 21ST CENTURY"

Jonathan a. Price

Barring a major economic catastrophe (such as outbreak of disease or
war that kills many people), the increasing world population and the desire to
raise standards of living in many parts of the worid will result in continuation of
the overall trend toward more use of energy, mineral, water, and soil resources.

The United States mineral and energy policies have largely been to get
the needed resources as cheaply as possible from wherever they can be
obtained.  Policy makers rarely account for the tradeoffs between the desired
minimal costs of mineral and energy supplies and the related costs of economic
security, military actions, and environmental consequences.

The United States has abundant natural resources.  For example, we are
in the midst of the biggest gold boom ever in the history of the United States.
Production in the decade of the 1990's is exceeding that of any previous decade
by a factor of two or more.  New deposits are being discovered, both in
established mining districts and buried beneath alluvial cover.  Because of
favorable geology, the United States as a whole and many of the individual
states are prime targets for exploration for and production of such commodities
as barite, copper, gold, silver, gypsum, and industrial sand.

Federal and state environmental regulations are helping to protect the
environment in the United States, but not all countries have or enforce
comparable regulations.  For example, in some less developed countries,
mercury amalgamation is still being used to extract gold from ores, and open-
furnace roasting, without scrubbers, is still being used to oxidize sulfides in ores.

Restrictive land-use and land-access policies and protracted perm.uting
requirements tend to foroe industry to explore for mineral deposits outside of the
United States and other developed countries.  If the United States is to take a
leadership role in environmental stewardship of the Earth, we should not promote
environmental imperialism.  That is, we should not exploit resources in other
countries without their enforcing environmental controls that are as strong as we
have in this country.



EDUCATING   PEOPLE   ABOUT   F!ESOURCE   AND   ENVIRONMENTAL
PEOUIREMENTS   FOR   THE   21st   CENTURY

John J.W. Plogers

Dept. of Geology, CB# 3315
University of North Carolina,  Chapel  Hill,  NC 27599-3315

Phone:   919-962ro695; fax:   919-966+519
email:   jrogers@email.unc.edu

When people don't understand something, the standard remedy is to
"educate" them.  The educational process, however, must be somewhat

different for two different groups of people.   One group includes those who are

preparing for (or already have) professional responsibilities for resource use

and environmental protection.   For them we must concentrate on redesign of

college/university curricula so that we don't break down into "resource people"

and ''environmental people" who do not understand each other.   This process

could be simple if professors are willing to undertake it, although the natural

conservatism of faculty suggests that many will probably resist the change.

The second, enormously larger, group of people includes everyone who

is not, or does not intend to become, a resource/environmental professional.

Without having sufficient information, many of them think that any use of

resources will cause irreversible change in our natural surroundings. and many

others feel that any effort to modify resource use on behalf of sustainability and

environmental preservation will be unacceptably expensive.   In designing

educational programs for these people, my career as a college professor has

led me to recognize the very limited effectiveness of schools at any level of the

educational process.   Particularly with the problem of the alleged conflict

between the use of resources and preservation of the environment, I think

schools will accomplish almost nothing unless their activities are coupled with

education in what teachers commonly refer to as the "real world."   I would like to



explain this position  by suggesting three problems where joint educational

programs have a chance of being effective.

The first problem is that most people don't know that the U.S. imports

much of its crude oil.   When I teach a course titled Environmental Geology, I

make a survey of the students' knowledge and attitudes on the first day of class.

Originally I was surprised to find that nearly goo/o of the class thought that we

were self-sufficient in oil and also in other necessary imports, such as most of

our ferroalloy metals.   I am no longer surprised, however, as I have come to

realize that this lack of understanding is characteristic of almost all Americans.

Also,  I now correlate this belief in our self-sufficiency with the widespread

isolationist feeling that the U.S. can ignore the rest of the world and run its

economy without foreign trade.

This belief in self sufficiency in oil is not a problem that can be overcome

solely by courses taught in schools.   Simply, we reach too few people to have a

major effect.   Here's one idea.   If petroleum companies would put a sign by the

gas pumps at filling stations saying, "Half of the gasoline you just put into your

tank was imported," many people might start asking questions.   This would give

an opportunity for people who know about petroleum resources and

intemational  relationships to make more people understand the situation.

A second problem is clearly that some parts of the country, principally in

the semi-arid midwest and west, use groundwater at rates much faster than it is

being recharged.   With people who live in these areas having so little

knowledge of this use, we apparently can do nothing until some area, perhaps

a city or agricultural county, runs so low on water that water quality diminishes,

people begin to move out, and property values collapse.    Before that happens,

we might try combining courses taught in schools with education disseminated

by water companies or, more likely, by geological surveys.   For example, we



might find ways for local newspapers to publish, every few months, diagrams

showing past and present water tables in the basins where the papers are

principally sold.   As with oil imports, people who are experts on water allocation

might then have a greater opportunity to explain their positions to a larger

audience.

A third problem,  pollution, can be exemplified by nitrogen loading in the

coastal plain of my own state of North Carolina.   Here rivers and groundwater

are burdened by nitrogen waste produced by fuel consumption, urban sewage,

and massive agricultural development (particulariy hog fams).   The resulting

eutrophication has caused fish kills in rivers and affects the coastal swamps that

nurture larvae and young fish.   Because of the number of competing interests,

and the massive disinformation provided by many of them, a political solution

seems unlikely.  Therefore, I think that education on this issue might best be

provided by the legal system.   If, for example, a specific group of people

(possibly a fishing fim) brought a suit against a specific group of polluters

(possibly a city or hog farm), then the problem would attain a greater public

awareness.   At that time, hopefully, the scientific and technical community would

have a larger audience to whom they could explain the issues.

In short, the problems that we are discussing have arisen partly because

many professionals know only their own specialty, but largely because most

Americans do not know what resources we use, what efforts need to be made

(or are being made already) to maintain a sustainable resource base, and what

the environmental consequences of these activities are.  The only solution that I

can think of is not to abandon education, which is a vital part of the process, but

to broaden the base of people that we reach.

I



MEETING   SOCIETAL   FIESOURCE   AND   ENVIPONMENTAL
REQUIREMENTS   FOR   THE   21st   CENTURY

Introductory Comments by Lee W. Saperstein, Dean of the School of Mines and
Metallurgy and  Professor of Mining  Engineering,  University of Missouri-Plolla

Some  Mining   Issues

As a young faculty member at Penn State, where I rose through the
academic ranks from 1967 to `87,I realized that surface methods for the mining
of coal were growing rapidly and would soon outstrip underground methods.   It
was also clear that our department had no faculty member knowledgeable of
those mining methods.   This conclusion came before the rapid growth of coal
production in the northern great plains, which when it occurred only served to
reinforce my feelings.   I undertook, then, to learn about these methods and
quickly became aware that reclamation and environmental engineering were
the areas of opportunity for course development and research.   By 1987, when I
went to the University of Kentucky as departmental chair, the general level of
understanding of reclamation methods within the industry was quite high and
the most-responsible producers were doing excellent work.   I had, through this
period, taught courses in surface mining, done research on reclamation of coal
and non-coal mines and on the environmental effects of underground coal
mining.   I had also hired several people who were expert in surface methods
and they, also, had added to the course and research history of the two
departments.   Today, coal-mine reclamation is a mature subject and it is difficult
to achieve order-of-magnitude leaps as a result of research.  The early
struggles to pass legislation and then for industry to find the technologies that
met the resulting regulatory requirements have become a matter of history.

Because of population pressures and the inexorable growth of suburbs,
producers of construction materials (sand and gravel, crushed stone, and
cement) have had to come up with a reclamation response similar to that of the
coal industry.   The literature of reclamation for quarries is extensive; the
technical meetings attended by producers and their engineers have
considerable programming in environmental subjects.   It is no surprise to find
innovative post- mining land uses for quarries.   Inasmuch as they are often
located close to markets so as to overcome high unit costs of transportation,
many quarries have sufficient land values to warrant substantial investment in
reclamation.   They have become housing developments, marinas, golf courses,
and even disposal and landfill sites.

A National  Pesearch Council study group in which  I participated
("Surface  Mining of Non-Coal Minerals," NAS,1979) concluded that non-coal
minerals did not lend themselves to the same order of national legislation as did
coal.  The same heterogeneity of deposits, locations, and economics that led to
that conclusion also means that we cannot see the same degree of progress
toward a goal of post-mining re-use of the land, particularly for some of the
classic mining districts of the west.  The reclamation challenge of the future is



going to be more localized yet more intense than was the challenge of coal
reclamation.   For example, it is very difficult to find the landscape described by
Plichard Llewellyn in "How Green Was My Valley."   South Wales is once again
green and many of the coal mine sites have disappeared.   Green Valley,
Arizona, however, will continue to see the effects of copper mining in the Pima
Mining District for decades to come.   Although there is some mining going on in
Butte, Montana, most of the old production sites are now abandoned.  A major
effort is underway there to remediate the effects of environmentally unrestrained
mining and smelting; portions of the city are designated as a Superfund site.
There are only so many old mining sites that we can convert to tourist-oriented
ghost towns.  And, at that, we have learned that parts of Tombstone, Arizona,
are subsiding into the old mine workings.

F3eclamation is just one issue among many that form the research
challenge of the future minerals industries.   The Society for Mining,  Metallurgy
and Exploration, lnc. (SME) has created a Plesearch Council and given it
responsibility for following these information needs.   One response to that
charge has been a series of three research forums, two of which are published.
The National Mining Association has recently signed an agreement with the
Department of Energy for mining to become the eighth Industry of the Future.
These are energy- intensive industries, such as aluminum, steel, glass, forestry,
and agriculture, in which there can be tremendous energy savings from
research-derived process improvements.

Broader  Energy  and  Mineral  Issues

From the time that I was a child until now, the population of the earth has
nearly doubled.   Projections of current rates of population growth suggest that, if
I should be so lucky to live to be 100 (near enough to the mid-century), it will
double again to ten billion people.   If each of those persons aspired toward, and
could afford, a life-style similar to the one I enjoy today, the implications for
energy and material supply would be mind-boggling.   To give a small example,
there are  1.2 billion people in China today and somewhere around 900 million
bicycles.   If each of those bicycles was a small compact car, China would be a
net importer of petroleum products.   It would also be an exporter of
photochemical smog.  The demand for oil would alter global flows and make us
question our love affair with sports utility vehicles and, under the pressure of the
prevailing westerly winds, the smog-creating chemicals would end up crossing
the Pacific.

Coincident with my arrival at UMP in 1993, and the assumption of an
array of responsibilities that were broader than mining, I made connections to a
larger academic community.   Within the National Association of Land-Grant
Colleges and State Universities (NASULGC), there is a Commission on Food,
Energy, and Renewable Resources (CFERR).  I am the current chair of the
Mineral and Energy Resources Section of CFEF]R.   In this section, we are
striving to give our members a coherent view on the research opportunities
inherent in the title subjects.   Our emphasis remains with extraction and
production of raw materials and not generation, transmission, or utilization.



Because the basic industries of mining and petroleum have gained the
perception of maturity and of not needing federal research assistance, many
had thought that there was no need for research.  The closure of the Bureau of
Mines was a signal in aid of this view.   A longer view, however, of humanity's
future material needs suggests that we have much to ponder.

At the Annual NASULGC Meeting,  beginning November 15,1998,  in
Atlanta, GA, there will be a plenary session for the Boards and Sections of
CFEBPl.  The topic of this session is the "Science Behind Kyoto," and the
principal speaker is Dr.  Martha Krebs, Director of the Office of Energy Plesearch
at the Department of Energy.  The Kyoto Treaty, whether or not ratified by The
United States, sets a target for C02 discharge that will influence our public and
private energy strategies.   The target is a collision course among population
growth, increased energy use per capita, and the need to reduce energy-
production discharges.  The United States produces 57 percent of its electricity
from coal and about 20 from nuclear (EIA for 1997).  Of all the fuels, coal
produces the most C02  per Btu and nuclear sources the least.  Yet the citizenry
of our country appears reluctant to accept additional nuclear generating
capacity and the generating companies recognize that new nuclear stations
have a high capital cost and an uncertain rate of return.  The alternatives are
substitution of natural gas for coal and carbon sequestration, which is the
capture of C02 in the exhaust stream.

There is a growing sense of environmental responsibility that suggests
that energy- intensive companies should invest in natural means of carbon
sequestration at a rate that would create sufficient photosynthesis units (a good
phrase for trees) equal to the discharge that results from each new investment.
Inasmuch as marine disposal is unproven and other more exotic chemical
means of creating solid carbonates are not yet a reality, carbon sequestration
now means planting trees and encouraging forest and jungle growth.   By the
time of implementation of Kyoto (2010), we would hope that we would have
more efficient alternatives.

Let me close these comments by suggesting that this interest in wood
growth is salutory.   Sometimes, an ancient technology is the best technology.
For, should we run out of petroleum- based products for our energy-based
economy, we can always substitute this new mass of biological materials in our
oxidation processes.

Iws
July 31,1998

I



Comments  on  Conference  Goals

Ira Satterfield

Missouri  Geological  Survey

GOAL  1:

To transfer scientific knowledge bases of geology and ecology between each
other and others involved in resource and environmental issues.

Both the earth and life scientists have creditable knowledge bases.
These knowledge bases must be made known at the national level.   Both
scientific groups need to recognize each other's role in addressing the nations
needs.  There are several ways that this could occur.  One, each group has
national association with environmental divisions.   Members from each
association need to work together to investigate ways that their respective
associations can work together.   Secondly (and probably to extreme),
organize a new national organization that its membership would comprise
both earth and life scientists.   To involve others in resource and environmental
issues, there is a need to foster legislative (state level) and congressional
(federal level) relationships on value of reliable knowledge bases on earth
and life sciences to be integrated into public policy and decision making.

GOAL  2:

To identify and prioritize issues and to search common grounds between earth
and life scientist.

To be able to identify and prioritize issues, both scientific groups must
not only communicate between themselves but with public policy and decision
makers.   I believe that in the majority of cases, scientists are only poor to good
communicators when it comes to convening thoughts and ideas to decision
makers.  Therefore, capable representatives need to converse with decision
makers on issues.  Those key or important issues need to be addressed
(project) jointly by both scientific groups working together.   By working together
on a common project, they will begin to understand the importance of each
knowledge base, an appreciation for each profession and how each will
commit for the common good.   Science is generally, poorly understood by
society.   I feel that it is in part resulting from teaching methods in elementary
and secondary education.   All too often it leaves children with false and
ambiguous impressions.   Teaching methods need to be changed to generate
more critical thinking resulting in better decision skills.   The new national
educational standards are designed to improve the understanding of science,
but the results are several years in the future.

I



GOAL  3:

To find ways to add information and facts to the public discussion about
resources and the environment.

Need to develop an effective plan with the media.  We all are aware that
the quickest means is working with reporters, television, and the like.   But this
usually only gets the attention of the reader or viewer on that issue or concern
and they do not really grasp the significant of the problem or solution.   I know
what I am about to write may sound ridiculous or just plain crazy.   But what
about a TV series on a consulting firm of earth life scientists resolving
problems from exploring for mineral and energy deposits,  remediating
environmental  problems,  identifying  geologic hazards,  developing  mitigation
plans, water sources, and the list goes on.   Now the why:  every human being
has a natural instinct for rocks, minerals, fossils, where water comes from, and
yes, even environmental issues and concerns.   Can we capitalize on this
natural instinct and develop a means of educating the general public?  The
natural interest is there but is this doable?

I



NATUF]AL AND HUMAN F]ESOUF]CES
IN SOCIETY IN THE FUTURE

James E. Slosson
Slosson & Associates

15500 Erwin Street Suite 1123
Van Nuys, CA 91411

818-3766540

The subject title of the conference conjures up multiple interpretations of"societal resources."  This is addressed herein as a two-fold interpretation -as
natural resource and as human resource, both of which have reached critical
proportions as we near the end of the 20th Century and enter into the 21 st Century.
Examples of each crisis are brought into focus for thoughtful attention.

Natural Resources

One of the most critical and presently controversial of natural resources all
over this country is water and its intended uses and abuses.  There has to be a
balance between regulatory control and society's failure to establish reasonable
quality assurance and use of a valuable resource.  A California case history example
is the contamination of the very valuable ground water resource in the San Femando
Valley in Los Angeles County.  This is a question that should be vital to those of us
who were graduate students after World War 11.  It was apparent to the author when
fellow professors and the Chairman of the Faculty Association at the college where
he was teaching challenged him `for comments he made in his classroom lecture
dealing with what he considered obvious contamination of the ground water
resource.  They based their censure on the belief that, if there was really a problem,
the government would obviously correct the problem.  It was stated that a professor
should not alarm the students because the government would not allow pollution of
the ground water to happen.  Unfortunately, neither the governmental agencies nor
society became aware, concerned or recognized the element of contamination or
pollution, and no attempt was made to correct the problem until a serious human
health problem became overtly obvious - even to the news media.  A spin-off of the
above is reflected in our reluctance as geoscientists to become involved as seen in
involvement in contamination by the aircraft industry (Lockheed) and others and
support industries, the space related testing (Rocketdyne), and the utilfty/energy
resources management.  There are dozens, probably hundreds, of examples of what
could have been accomplished, what technology had a handle on, and in fact and in
part failed to properly manage and maintain.  Problems exist related to Chromium
VI, Pop, POE, carbon tetrachloride and a whole litany of associated or independent
carcinogens.

Human F]esources

Plecent experiences during service on the California Seismic Safety
Commission dealing with the events during and after the 1994 Northridge
earthquake, with the extensive losses at present totaling in excess of 40 billion



dollars and growing, we certainly have to use our knowledge and expertise to assure
quality control (scientifically and structurally) and to reduce the losses.  We certainly
have learned significant amounts in the last few decades so the question arises as
to why we are not utilizing what we have gleaned.  The Seismic Safety
Commission's report to the Governor issued following the Northridge earthquake
emphasized that the majority of the damages appear to be related to a serious lack
of quality control in conjunction with design, plan check, construction, inspection and
maintenance of structures and facilities - all of which point to a critical lack of well-
trained human resources and an obvious lack of responsibility on the part of all
involved with the functions noted above.  We must, however, not exclude the
scientific world -those who, either by design or lack of adequate knowledge of fact,
failed to advise sufficiently in the preconstruction studies.

Of the problem, one is at the academic level in the concept of:

teaching ethics and professional integrity
apparent associated problem of academia attaching its thoughts
to passing fancy rather than conveying the very basics whereby
professionals learn and utilize their academic training.

Many of the core/basic courses that are necessary to learn, as well as teach,
are the very basic fundamental courses which are or have been replaced with
theories and courses that can almost be classified as fad or fantasy.

Another problem is lack of diligence on the part of those who are charged with
quality control and have been provided with govemmental immunity in many states.
This immunity tends to diminish the effort and inherent diligence.

Not to be overlooked in the assessment of losses and damages are factors
such as:

society's lapse into blind acceptance of the substandard work
(structural and/or technical) as more acceptable because it is
cheaper.

the too-often cavalier statement of "lt's no big deal."

the often-used defense in litigation that "it met the intent of the
code," which has hapharardly been interpreted that there
should be acceptance of lesser quality.

Another apparent problem dealing with human resources can be found in the
situation relative to high intensity rainfall as we witnessed the past winter (1997-98)
during the EI Nino influence - especially for the West Coast where hundreds of
millions of dollars in damages and losses occurred.  We cannot blame this entirely
upon the meteorological control.  It is possible to conduct post-disaster studies and
submit evidential theory that, if the professionals, in pre-construction or pre-
development stage, had honestly and knowledgeably addressed all of the factors



that could be detected through research and physical findings, we would not be
witnessing so much newsworthy devastation.  The landslides, debris flows, mudslide
and other means of ground failure we witnessed evolved, in high percentage of
cases, from negligence or misapplication of data presented by the primary
professionals involved.  We certainly should have the technology to address the
original studies from multiple angles.   If those who profited by their studies had
produced complete and accurate analyses to be used in final design and
construction, maybe the dollar values of the losses and the heartbreak faced by the
devastated property owners may have been far less.  The time and dollars lost in the
sometimes futile attempts at recovery have been unnecessarily overwhelming.

Conclusions for the 21 st Century

We, as geoscientists, must step forward and accept the responsibility to
inform the politicians, governmental leaders, news media, the public and other
involved entities that there are well-educated professionals who have integrity, and
are willing to stand up and be heard and be held accountable.  We, as responsible
geoscientists, must aim for excellence in science and diligently strive for quality
assurance in our professional work.

I
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REASONS  FOR  FAILURES

The majority of landslides and ground deformation on
developed   properties   studied   by   the   authors   can.be
attributed  to  the  failure  of  geologic  and/or  engineering
professionals  to  perform  in  a  competent,  diligent,  and
prudent mahner with due regard to protecting the health,
safety,   and   welfare  of  the  public   (original  and  future
property   owners).       Petroski    (1993)    has   made   the
following    statement   that   should    be   the    basis   for
methodology of investigation  and  mitigation of hazards:
" Design is first and foremost failure anticipation, and it is

only  by  the  proper  and  complete  anticipation  of failure
fhaf /.I can be avot.dec/."   George Sowers (1993) indicated
that  the  three   most  common   causes   of  failures  are
absence of knowledge (12% of failures), ignorance (33°/a
of failures)  and  rejection  of current technology  (55%  of
failures) .

With these  observations in mind, the authors have
prepared the following subjective list that represents the
mistakes,    misrepresentations,    ignorance    of   physical
processes,   rejection  of  current  technology,  and  faulty
reasoning   encountered   in   post-damage   investigations
during our careers which have, in our opinion, contributed
to preventable failures in the past.   It often takes several
of  these  "actions"  occurring  sequentially  to  set  up  the
situation  in  which  failure  may  occur.    The  systems  of
checks  and  reviews  does  not  catch  all  the  problems.
These  problems  are  not  limited  to  Southern  California.
Initial  investigations  of  1993  storm  damage  indicate  a
repeat of many of these problems.



FaHure to Perfolin a Competeut, DiHgent, and hidezit Field nvestigation Due To:

I

I

I

I

.

I

I

I

failulc to use the method of multiple worldng hypotheses by untiting the
thought process to only one hypothesis (Schumm,  1991)

insufricicht or inadequae geologic  mapping or performing poor quality
mapping;

not     utilizing    proper     subsurface     exploration     technology    and/or
methodology;

not recognizing, couecting, interpreting, and laporing geologic data (e.g. ,
not rccognizing and/or "pping the snde plane in a shear key excavation
prior to approval) ;

ffltering,  -massaging,. or skimming of geologic data to allow the design
concept to appear to work;

not  coueeting  oriented,  undisturbed  salnples  of  the  weakest  materials
which may affect site stabiHty;

not recognizing art:as of highly hact`ired bedrock in which the ffacfuring
causes the zack to bc weaker aower rock rnass shear strength) and
incrcascs  potendal  for ground`hrater  flow and  storage  Oecrc  &  Pa((on,
1971);      .

not   recognizing   and   subsequently   not  completely   removing,   during
grading, couuvial/alluvial/weathered bedrock materials which act as a path
for groundwater lechargc and may bc subject to hydroconsondation;

the inbinty to recognize evidence of prior mudflow/debris flow activity
or to understand that the cwidencc on gcomoxphically active slopes may
not be rceognizable after a few years;

not udiizing pubnshed guidelines such as those prepared and released by
the Association of Engineering Geologists (Slosson  1984).



FaHure to Analyze Geomorphic Cotiditions or the Site and Vicinity Due To:

I

.

not  (ccognizing  or  aclmowledging  the  a[istcnce  of  probable  ancient
landslides "dny viewed in the aerial photos or in the field:

not using aerial photos, not learning or not being taught how to intapret
aerial photographs;

not   reviewing   carly   (older)   photographs   or   the   coxplete  series   of
photographs readily available;

not recognizing and recording gcomoxphic features observed in the field;

not deterTnining the cause of anomalous topography and other gcomolphic
fcanres indicative of landsndcs or other geologic hazards.



Failure to Use the  Method or Multiple Workizig Hypotheses and failure to hthke Collect
ALSsunptious

This includes rimiting the thought process to only one hypothesis (Schumm,  1991) (i.e., closed
mind) and making erloncous assumptions such as:

I

that it will not rain again (or within the ten year nmit of liability);

that  thcne  has  been  a  climatic  change  and  that  it  is  not  going  to  rain
sufficiently to cause failuzcs;

that an apparent lack of calcarious or other mineral deposits indicates that
there is no ground`mater flow and that a dry canyon or fault zone is going
to be dry in periods of high rainfall;

that  on-site  private  seuragc  disposal  will  not  affect  the  stabinty  of a
landsnde, via percolation of effluent;

that hactured rock has no involvement in slope stability and that. as long
as the bedding or dip is favozable, thezc is no problem;

that a stabilization  fill can be substituted  for a buttress  fill  without the
appropriate sampling, tcsthg, and analysis:

that a project is safe and stable bccatisc it vas approved by a County or
City agency; or

that a regulatory reviewer win catch any mistakes or ddibera(e omissions
that a consultant has made.



I

I

FaHure to Understand the Basic F\indanentais or Hydrogeology Due To:

I

.
`

I

I

I

I

.

not   understanding   the   relationship   of  groundwater   to   slope   failure
(recognized in the last century by Cross,  188®;

not   understanding   the   processes   of   inffltration,   through flow,   and
devclopmcnt of pore-water prcssurc within the vadose zone;

not recognizing that above-avcragc rainfall can cause an apparently stable
landslide to rtactivate (Cronin,  1992);

not  recognizing  that  a  fault  zone  may  be  a  possit)le  path .of  future
groundwater flow;

not anticipadng flow from aprings because field studies and grading were
completed during time of drought;

not recognizing that spring flow is often limited to times of above-average
rfufall;

not recognizing that effluent from dry wells,  cesspools,  seepage pits, or
leach  lines  win  raise  groundwater  levels  and  often  have  an  edvcrse
cffeet/impact on slope stabifty;

not  realizing  that  a  ffll  behind  a  crib  `rdl  may  become  saturated  or
assuming that the heel drain (one cubic foot of gravel with a pipe) win
preclude saturation of the fill at a higher elevation;

not recognizing tha( landscape irigation will lead to an increase in local
groundwater elevation due to infiltration (irrigation conveys `irater to the
soil and is often equivalent to 40 inches to 80 inches of rainfall  in one
year):

hydrogcologic misconceptions (e.g. , water from the bedrock never enters
the  fill,  thercforc  drains  are  unnecessary  or  that  fills  never  become
satunrd).



Failure to Properly Mitigate the Adverse Erreets or Groundwater Due To:

.

the   inadequate   design   (often   -cookbcok.)   and   construction   or   the
elimination  of subdrains,  baclrdrains,  and  hceldrains  from  stabilization
fills, buttress fills, and some sfiver fills;

lack of lccognition of the need for subdrainagc (I.c.,  field mapping and
inspections are done during periods of drought);

not requiring proper lot or building site drainage which is  neecssary (o
I)reclude ponding and inffltration of `rater or not correcting improper lot
drainage;

not recommending area drins whets appropriate;

not considering the devdopment or future existence of pore-water pressure
in the slope stabinty calculations (fanurc to understand hydrogcology).



Systemic Failures or hfanagement and Supervision Due To:

I

I

I

.

I

I

.

I

technically-incompetent   administrative   and    staff   personnel    making
technical decisions (scc Site hvestigation Slecring Group,  1993, pg. 31);

approving design concepts proposed by others that arc not in accord with
one's professional opinion in order to get the job and meet payrou;

field decisions fnade from the office;

decisions    based    on    opinions/observations    made    by   inexperienced
personnel;

lackofapprenticeshipundercxperienccdpersonnclandlackofsupervision
of inexperienced personnct;

following company poncy that dictates standard procedures that arc no(
always appropriate for the situation:

the  selling  of onc's  professional  signature  without  taking  .rcsponsiblc
charge. of the project;

not seeking expen advice when the problefn is outside the units of one's
howledgc and experience;

•,

failure  to  propedy  scope  a.  property  during   the  initial  site  visit  (o
detezTnine extent of invcstigarion needed to identify gcol6gic hanrds;

zclegating the scoping and cost estimate to someone concerned solely with
markechg.



failure  or  the  Govemnent  Reguhtory  Review  nocess  to  F\inctlon  in  a  Responsible
mrmer such as:

govcmmental  rEviewes just  looldng  for  the  signature  of a  registered
professional as a basis for approval and not at the adequacy of the report;

political  pressure  forcing  the  approval  of ping.eats  that  should  fiot  be
approved due to a lack of technical merit;

govemmcntal cmployecs not complethg a site inspection or visit as part
of review and not rcfercficing or rcvicwing past dcoufnents, aerial photos,
and other lnaterials/doctitnents on ffle as pazt of the rcvicw process;

tcviews completed by unqualified/unrctistezcd persond;

tnanagcmcnt   concerned   with  budgctary   factors   and   abandoning   the
homeowner/taJ[payer.

I
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ABSTRACT

Rainfall during the winter of 1992-1993 reached
195 percent of normal  and  caused  landslides  and
mud flow/debris bows reminiscent of previous wet
years when the rainfall exceeded  140 percent, the
apparent  threshold  for  damaging  flooding  and
slope failures. Winters with rainfall exceeding this
threshold have occurred at predictable frequencies
and are expected to continue.  Annual tosses aver-
age approximately $200,000,000 from slope/ground
failure and flooding in California for years with
more rain than 140 pereent of normal. Slope move-
ments can be reasonably predicted when successful
and sufricient subsurrace exploration and materials
testing is combined with the proper application of
existing knowledge. However, the actions of humans
still cause many failures through ignorance of phy-
sical  processes,  faulty  reasoning,  and  rejection  of
current technology. Prudent and diligent engineer-
ing  geology  coupled  with  good  geotechnical  en-
gineering practiced during the past three decades
have  helped  protect  sites  and  tracts  from  slope
movement and flood damage, but failures are still
occurring. A responsible effort by building ofriciais
in  review  of reports  and  enforeement  or existing
grading codes and ordinances can help reduce ]osses
by 90 to 95 percent.

INTRODucmoN

Rainfall during the winter of 1992-1993 in California
(Figures I and 2 and Table I) triggcred numerous land-
slides  and  exacerbated  other  forms  of ground  failure
whichdestroyedordistresscdhomes,infrastructurcs,and
lifelines.  The  loss  caused  by  these  slope  failures  and
floods is estimated to be on the order of five hundred
million dollars. Annual losses during high rainfall years
during the past few decades has averaged 2cO million
for years where rainfall has exccedcd the threshold for
failure. It is the opinion of the authors that at least 90
percent of the tosses were avoidable and that the factors

contributing to the damage  such as  inherent problems
and/or defects were recognizable, predictable. foresee-
able  and  preventable.

Damage  in   1992-93,  as  well  as  previous  winters
similar  to  that  of  1992-93,  has  resulted  in  a  transfer
of funds from the general public as represented by city,
county. and state agencies to lawyers and relatively few
of the citizens whose property or access was damaged.
This transfer of funds from the public should be viewed
in the context of the profit made by the developers and
those they employed as consultants and contractors. The
economic loss includes, but is not limited to, property
devaluation, repair or demolition of damaged structures
and utilities, emergency response  (medical,  temporary
shelter. fire and maintenance crews,  sand bags. plastic
sheeting covering slopes. drainage diversion. debris re-
moval). reconstruction, litigation costs including foren-
sic studies, lost wages and faxes. and emotional trauma
to  affected proper(y  owners  and  some developers  and
consultants.

Similar types of slope failures and floods have occur-
red in southern California during past periods of above-
average  rainfall  (Slosson.   1969;  Slosson  and  Krohn.
1982). Rainfall amounts exceeding  140 percent of nor-
mat (mean average over  100 years) appear to be sufri-
cient to trigger slope failures.  Ray Wilson  (1993)  has
suggested that the threshold for slope movements in the
San Francisco Bay region is approximately  125 percent
of normal rainfall. These  threshold  values  represent a
general rule of thumb indicating when  surficial  soil
slips.  shallow  slope  failures  and  debris  flows  usually
begin  to  cecur.

SlossonandKrohn(1982)observcdthatwhenrainfall
at  Los Angeles  Civic  Center is  above  average.  (+140
percent) and at least 7 in. of rainfall has occurred within
a period of 5 days. debris flows and landslides should
be  anticipated  during  individual  high-intensity  short-
duration  storms.  Wieczorek  (1987)  and  Wilson  and
others (1993) found that analogous thresholds and rain-
fall pattcms caused similar even(s in the San Francisco
Bay region.  Rantz (1971) provides  annual  prccipi(a-
lion inforination for the Sam Francisco Bay region. Kuhn
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Slope Failures in Southern California

cut.I.1992 -June 7.1993
ISTATION NCHES PEF]CENT
SINCE OF
OCT. 1 NOF]M^|

Eureka 42.62 '30
Shas`a Dam 77.09 '38
De Sabla 79.04 '24
Blue Canyon 82.9' '37

sacfamento 27.70 '59

San Fiancisco AP 26.7' '40

Yosemlte 44.20 '23
Me'ced '6.70 '41

F'esno '6.27 '49

Glermvill® 23.6S '34

Paso F`ot]les 2,.9' '86

Bakeislield 9.32 '50
Santa Balba.a 26.06 '5'
los ^ngeles AP 23.3¢ '95

Bly'he 6.0' 284

Sam Diego '0.23 '90

Figure 2.   Precipitation at various  locations in California  (from  Department of Water Rcsourccs.  1993).

and  Shcpard  (1984)  noted  that this  was  also  the  case
when the two Ingest landslides and coastal canyon cut-
ting events  of this  century occurred along the coastal
bluffs in Northern San Dicgo County in 1941,1978 and
1980. Depending upon lceal infiltration ra(es. landslides
may occur for as long as  6 months following this se-
quence  of rainfall.

PREDICTABLE AND  FORESEEABLE

Tilford (1985). in his President's Message (AEG Pre-
sident  1984-1985).  stated:

•To me. the business of science is prediction.

Scientists  observe,  experiment  and document
to achieve knowledge and understanding which
can bc used to make accurate predictions, hope-
fully  with ethical concerns  for the well being
of mankind."

"Geologists  are natural  scientists whose tools

in  achieving  predictions  arc  observation,  rc-
cording. and analysis using both deductive and

inductive methods, often with significant doses
of  intuition."

Brown ( 1984). in his synopsis of the 1982 conference
cntitlcd  ``Debris Flows,  Landslides.  and  Floods  in  the
San  Francisco  Bay  Region."  stated  that:

"[Earl] Brabb cxprcssed great confidence in the

ability of the geoscientiric community to pro-
dic(  when.  whcrc,  and  why  many  types  of
landslides occur. noting tha( the community's
position on predicting landslides was far more
favorable than that on predicting earthquakes.
He  also  noted  that  the  rapid  expansion  of
metropolitan  areas  in  landslide-prone  terrain,
particularly in the American West, is increasing
theprobabilityofamajorlandslidedisastersuch
as  the  one  that  struck  the  Bay  region..'

Schumm  (1991).  has  recognized  that  I.with  the  in-
creasingimportanceofcnvironmen(algeology,cnginccr-
ing  geology  and  geomorphology,  prediction  has  bccn
emphasized  in  the  past  few  decades."  He  goes  on  (o
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Slosson and Larson

Ta\bhe 1. Rainfall data in ascending order:.1878-1994, iri lios ^ngcles. California.

Inches         Year                                                       Inches         Year                                                       Inches          Year

4.85        I g6orf I
5.58         1958-59
5.59         1898-99
6.67        1923-24
6.73         1893-94
7.06         1897-98
7.17         1971-72
7.22        194748
7.22         1975-76
7.35         1989J90
7.66        1986*7
7.77         1969-70
7.9i       i 899un
7.93       1963"
7.94        1924-25
7.99        194849
8.08         i988ng9
8.14         1993-94
8.i8       ig59ro
8.21          1950-51
8.38        I 962rf3
8.51         1895-96
8.58          1918-19
8.72       1903"
8.98        1980i l
9.2 I         I 884ng5
9.46        1952-53
9.54        1956-57
9.59        1922-23
9.77         1927-28
10.41        l88ld2
10.43        1983d4
10.60        190lJ)2
10.60        1949-50
10.71         1981*2
11.18        194lJ2
11.35         1878-79
11.52        1929-30
11.59        1944J5

11.60         1911-12
11.65        194546
i 1.72        i907ro8
ii.85        i89irty2
11.88         1932-33
11.94         1954-55
11.99        1953-54
11.99        1990J9 I
12.07        1935-36
12.11         1882*3
12.31         1976L77
12.32        1970L7 I
12.48        1987*8
12.52        1919-20
12.53         1930-31
12.63        1909-10
12.66        1928-29
12.66       1946J7
12.68       1964i5
i2.82        i984no5
13.07        1938-39
13.13        188081
13.36        1890J9 I
13.42         1912-13
13.65        1920-21
13.86         1917-18
13.87        I 887ng8
14.05       1886i7
14.35        1974L75
14.55        1933-34
14.92        1973-74
15.26         1916-17
16.cO        1955-56
i6. i I         I 894rty5
16.18          1910-11
i6.29       i9Ooroi
16.58       1967ul
16.86        1896-97
16.95         1931-32

17.05         1913-14
17.56        1925-26
17.76        1926-27
i7.86        I 985ng6
18.17        194243
18.65        1905us
18.79        196li2
19.18         1908.09
19.22       1943"
19.22        193940
ig.28        I 888ngg
i9.30       I 906ro7
I 9.32        I 902ro3
I g.52        I go4ro5
19.66         1921-22
19.67        1978-79
19.92         1915-16
30.34        I 879ngo
20.44       1965us
20.96        1991-92
21.13         1957-58
21.26        1872-73
21.16         1877-78
21.66        1934-35
22.cO       I 966rf7
22.31        1885*6
22.41         1936-37
23.43        1937-38
23.65         1913-14
26.21         1951-52
26.28        1892-93
26.98        I 979ngo
27.36        1992-93
27.47       1968i9
31.25        1982*3
32.76        194041
33.44        1977-78
34.84        1889-90
38.18        1883d4

say that "when present conditions are known and under-
stood  and  when  the history  of the  situation  has  been
cstablishcd, predictions can be made with some dcgrcc
of confidence."  With  regard  to  predicting  landslides.
successful subsurfacc exploration can establish the pre-
sent conditions so that they are lcnown and established
to a reasonable degree. Geologists commonly dcscribc
po(cntial hazards and refer to areas  as potentially un-
stable. These areas con(aim materials in such a gcomctry
that  when  subjected  to  sufricient  intcmal  or  cxtemal
forces (as described by Tcrzaghi.  1950). the slope will
fall. The most common intcmal force that causes land-
slides is a rise in pore-water pressure Crerzaghi.  1950),
due to inril(ration of rain water. Thus, to predict a failure
caused  by  an  internal  force-in  this  case  pore-water
pressure-the distribution of earth materials  and their
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properties  must  be  cstablishcd  and  the  likelihood  of
occurrence  of a  triggering  force  must  be  assessed.

Soil  slips  were  clearly  recognized  by  Troxell  and
Pctcrson (1937) in their report on the  1934 flood in IA
Canada,  California.  They  sta(e:  .`A  continuous  heavy
rain may saturate the soil mantle and induce such easy
slippage that the whole soil cover of the canyon slopes
moves  into  the  stream  practically  in  a  mass'.  (p.  95).
A photograph of this type of slide was included in the
report  Plate  32-8)  with  the  caption  "Slides  like  this
one were found in the unbumed area from Topanga to
Pomona."  Taylor  (1934).  in  his  report  on  the  same
storln,  states .The con(inued rain so saturated the top
soil  that  it  slipped  down  the  slopes  at  many  points,
forming  great  arrow-shaped  scars  on  the  hillside."
These statements, along with many other previous and
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subsequent investigations. appear to establish "the his-
tory of the situation" needed to make a prediction con-
cerning surficial slope stability with confidence. Many
areas in southern California have a long history of sus-
ceptibility  to  deep-seated  landslides  as  well.

Storms that have caused slope failures and flooding
in areas of southern California have occurred in  1811.
1825.1862,1884,1890,1891,1893.1914,1916,1927.
1934.1937.1938.1941.1943.1952.1954,1956,1958.
1962,  1964,  1965.  1969,  1978,  1980,  1983.  1992.  1993,
and  1995  (Jahns.  1969; Brown,  1984:  and this  paper).
Storms  with  notably  higher than  normal  precipitation
or that caused flooding and may have caused slope fail-
ures that were not documented occurred in 1786.  1815,
1822,1827.1830,1832,1842,1852,1859.1867,1874.
1875.   1876.   1878.  and   1880  (Reagan.   1915).  These
damaging storm years have not occuned in symmetrical
and cyclic series but have occuned about twice cvcry
decade. A scrics of storm events that meet the criteria
for  triggering  landslides  and  debris  flows  will  cocur
several (imcs during a typical 30-year nor(gage period
or  the  conventional  50-year  design  life  of residen-
tial/commercial property (see Figure 1). Thus, the like-
lihood  of  a  slide-  or  flood-triggcring  event  certainly
must  be  considered  high.

Reliable  prediction  of slope  failure  requires  a  sue-
cessful  and  sufricient  subsurface  exploration  and  rna-
terials  testing  program  and  the  proper  application  of
existing knowledge. Some geologists and engineers may
argue  (hat  we  cannot  know  that  sufricicnt  pore-water
pressure will occur within a slope during a storm cvcnt
and thus a prediction cannot be made. Wc believe that
prudent  geologists  and  engineers  should  assume  that
pore-water pressure will  occur. with due regard to the
details  of the  site  geology.

Slosson and Krohn. at a symposium held at Caltech
in 1980, observed that a series of storm events that meet
the  criteria  for thggering  landslides  and  debris  flows
will occur approximately once in cvcry decade in the
San  Diego  area,  twice  in  every  decade  in  the  greater
Los Angcles area, and three to four times every dcoade
in the San Francisco Bay area. Knowing that the meteo-
rological  pattern of intense  storms  will  repeat,  recog-
nizing the damage and losscs  caused by these  storms.
and  knowing  that  the  capability  to recognize,  predict,
foresee. and prevent or avoid these tosses is available,
it seems unethical to allow these losscs to continue-
par(icularly inasmuch as they are generally foreseeable.

THE  1993  FAILURES

Some  of the  1993  failures  that  the  authors  have
studied occurred on proper(ics developed before enac(-
ment of legislation requiring involvement of geologists
and soil enginccrs in the land development process and

preparation of geologic and soil reports. There is often
little that can be done to mitigate effectively the hazards
to pro-developed sites. Limited remedial mitigativc de-
sign will help in some instances. These property owners
must be educated by  government ofricials  and private
practitioners to the fact that potential hazards still exist
on their sites and in their communities in order for them
to make  informed decisions  about mitigation  and loss
reduction.

Initial  studies  indicate  that  properties  developed
since 1975 appear to have been impacted more severely
by  the   1993  storms  than  those  proper(ies  developed
be(ween  1963  and  1975.  This  may  be  the  result of a
reduction, or at best. a lack of increase in the standard
of bractice  in  recent  years  (Slosson,  et  al.,  1992;  see
Figure  3).  Adequate  rcquiremcnts  for engineering  ge-
ology  and geotechnical  engineering  studies  have been
in  force  since  1963  (Jahns,  1969;  Slosson  and  Krohn.
1977);  therefore.  the majority  of these  failures  should
not  have  occurred.

We believe that at least 90 percent of these failures
would not have occurred if a) proper at(ention and di]i-
gencc  had  been  paid  to  the  geology  analyses.  b)  ap-
propriatc recommendations had been incorporated into
designs. c) construction had been maintained per Code.
d) local govcmment ofricials had performed or required
permit applica(ion reviews, and c) property owners had
maintained the drainage facilities (Shlemon et al..  1992;
Slosson and Larson,1993). Similarly. Sowers (1993, p.
254). after evaluating approximately 500 failures of civil
and  geotechnical  engineering  projects.  stated  that  "88
percent  of the  failures  have  a  human  cause"  and  that•`most of those  [failures]  could  have  been  prevented."

Many  of the  failures  have  partially  or completely  in-
volved  enginecrcd  fills  which  are  within  the  purview
of the  geo(cchnical  engineer.  The  news  media  un for-
tunately reports failures of engineered rills as geologic
in  nature.  rather  than  goo(eehnical.

REASONS  FOR  FAILURES

The majority of landslides and ground deformation
on developed properties studied by the authors can be
attributed to the failure of geologic and/or engineering
professionals  to perform in  a competent,  diligent.  and
prudent manner with due regard to pro(ccting (he health,
safety,  and  welfare  of (he  public  (original  and  future
property owners). Petroski ( 1993) has made the follow-
ing statement that should be the basis for methodology
of investigation  and  mitigation  of haznds:  "Design  is
rirst and foremost failure anticipation. and it is only by
the  proper and complete  anticipation  of failure  that it
can be avoided..'  George Sowers  (1993)  indicated that
the thrcc most common causes of failures are absence
of knowledge  (12  percent  of failures),  ignorance  (33
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Figure 3.  Estima(ed difrcrcntial bctwcen Standard of Prac(ice and State of the Ar( in California.  Upward arrows show cumula(ivc efrcct
tothcSfate®f-the-Artcurvc.TheStandardofprac(icccurvchadbecnaffeetedbybothupwardanddownwardarrows.Thcgreatcstpositivc
changes wcrc brought about when AEG published Guidelines in  1965 and  1971.

percent of failures) and rejection of current technology
(55  percent  of  fallurcs).

With  these  observations  in  mind.  the  authors  have
prepared the following subjective list that rcprescnts
the mistakes, misrepresentations. ignorance of physical
processes,  rejection  of current  technology.  and  faul(y
reasoning cncountcrcd in post-damage investigations
during our careers which have, in our opinion, contrib-
uted to prcvenfable failures in the pas(.  It often takes
several of these "actions" occurring sequentially to set
up the situation in which failure may occur. The systems
of checks and reviews dces no( catch all the problems.
Thcsc problems are not limited to southern California.
Initial investigations of 1993  storm damage indicate a
repeat  of many  of these  problems.

Failure  to  Perform  a  Competent,  Diligent,  and
Prudent  Field  Investigation  Due  To:

I.    Failure to use the method of multiple working hy-
potheses by limiting the thought prcoess to only one
hypothesis  (Schumm,  1991).

2.    Insufficient or inadequate gcologic mapping or per-
foming  poor  quality  mapping.
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3.    No( utilizing proper subsurface exploration tcchnol-
ogy  and/or  methodology.

4.    Not recognizing. collecting, interpreting, and report-
ing geologic data (c.g., not recognizing and/or map-
ping the slide plane in a shear key excavation prior
to  approval).

5.    Filtering. `'massaging," or skimming of geologic data
to  allow  the  design  concept  to  appear  to  work.

6.    Not collecting oriented. undisturbed samples of the
weckes(  materials  which  may  affcet  site  stability.

7.    Not recognizing areas of highly frac(ured bcdrcok
in which the fracturing causes the rock (o be weckcr
(lower rock mass shear strength) and incrcascs po-
tential for ground-water flow and storage (Deerc
and  Patron.  1971).

8.    Not  recognizing  and  subsequently  not  completely
removing, during grading, colluvial/alluvial/wcath-
crcd  bedrock  materials  which  act  as  a  path  for
ground-water rcchargc and may be  subject to hy-
draconsolidation.

9.    The inability  to recognize cvidencc of prior mud-
flow/debris  flow activi(y or to understand that the
cvidcncc on geomorphically ac(ive slopes may not
be  recognizable  after  a  few  years.

fuvl.mrmoua/ a ®Igi.nccn.ng Ocofcl.car., Vol. I. No. 4. winter 1995. pp. 393401



Slope Failures in Southcm Califomia

10.  Not  utilizing  published  guidelines  such  as  those
prepared and released by the Association of Engi-
neering  Geologists  (Slosson.  1984).

Failure  to  Use  the  Method  of Multiple  Working
Hypotheses  and  Failure  to  Make  Correct Assumptions

This  includes  limiting  the  thought  process  to  only
one hypothesis  (Schumm.1991;  i.c., closed mind)  and
making  erroneous  assumptions  such  as:

I.    That it will  not rain  again  (or within  the  ten  year
limit  of ,iability,.

2.    That there  has  been  a  climatic  change  and  that  it
is  not going  to  rain  sufriciently  to  cause  failures.

3.    That an apparent lack of calcarious or other mineral
deposits  indicates  that  there  is  no  ground-water
flow and that a dry canyon or fault zone is  going
to  be  dry  in  periods  of high  rainfall.

4.    That on-site private sewage disposal will not affect
the  stability  of a  landslide  via  percolation  of ef-
fluent.

5.    That  fractured  rock  has  no  involvement  in  slope
stability;  and  that.  as  long  as  the  bedding  or  dip
is  favorable,  there  is  no  problem.

6.    That a stabilization fill can be substituted for a but-
tress fill without the appropriate sampling. testing.
and  analysis.

7.    That  a  project  is  safe  and  stable  because  it  was
approved  by  a  County  or  City  agency.

8.    That a regulatory reviewer will ca(ch any mistakes
or deliberate omissions that a consultant has made.

Failure  to  Analyze  Gcomorphic  Conditions  of the
Site  and  Vicinity  Due  To:

I.    Not recognizing or acknowledging the existence of
probable  ancient  landslides  readily  viewed  in  the
aerial  photos  or  in  the  field.

2.    Not  using  aerial  photos,  and  not  leaning  or  not
being  taught how  to  interpret  aerial  photographs.

3.    Not  reviewing  early  (older)  photographs  or  (he
complete  series  of pho(ographs  readily  available.

4.    Not recognizing and recording geomorphic features
observed  in  the  field.

5.    Not determining the cause of anomalous topography
and  other geomorphic  features  indicative of land-
slides  or  other  geologic  hazards.

Failure  to  Understand  the  Basic  Fundamcntals  of
Hydrogeology  Due  To:

1.    Not understanding the relationship of ground water
to  slope  failure (rccognizcd  in  the last century  by
Cross.   1886).

2.    Not  understanding  the  processes  of  infiltration.
through flow, and development of pore-water pres-
sure  within  the  vadose  zone.

3.    Not recognizing  that  above-average  rainfall  can
cause  an  apparently  stable  landslide  to  reactivate
(Cronin,  1992).

4.    Not recognizing that a fault zone may be a possible
path  of  future  ground-water  flow.

5.    Not  anticipating  flow  from  springs  because  field
studies and grading were completed during time of
drought.

6.    Not  recognizing  that  spring  flow  is  often  limited
to  times  of  above-average  rainfall.

7.    Not recognizing that effluent from dry wells, cess-
pools. seepage pits, or leach lines will raise ground-
water levels  and often  have  an  adverse effecvim-
pact  on  slope  stability.

8.    Not  realizing  that  a  fill  behind  a  crib  wall  may
become  saturated  or assuming  tha(  the  heel  drain
(one cubic foot of gravel with a pipe) will  preclude
saturation  of the  fill  at  a  higher  elevation.

9.    Not recognizing that landscape irrigation will  lead
to an increase in local ground-water elevation due
to  infiltration  (irrigation conveys  water to the soil
and is often equivalent to 40 in. to 80 in. of rainfall
in  one  year).

10.  Hydrogeologic misconceptions (e.g„  water from
the bedrock never enters  the rill;  therefore.  drains
are  unnecessary  or  fills  never  become  saturated).

Failure  to  Properly  Mitigate  the  Adverse  Effects  of
Ground  Water  Due  To:

1.    The  inadequate  design  (often  "cookbook")  and
construction or the elimination of subdrains, back-
drains, and heeldrains from stabilization rills. but-
tress  fills.  and  some  sliver  fills.

2.    Lack of recognition of the need for subdrainage
(i.c.. field mapping and inspections are done during
periods  of drought).

3.    Not  requiring  proper lot or building  site  drainage
which  is  necessary  to  preclude  ponding  and  in-
filtration  of wa(er  or  not  correcting  improper  lot
drainage.

4.    Not recommending  area drains where appropria(c.
5.    Not considering the development or future cxis-

(ence of pore-water pressure in  the  slope  s(abili(y
calculations  (failure  to  understand  hydrogcology).

Systemic  Failures  of  Management  and
Supervision  Due  To:

I.    Technically-incompetent administrative and staff
personnel making technical decisions (see Si(e ln-
vestigation  Steering  Group.   1993,  p.  31).
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2.    Approving design concepts proposed by others that
are  not  in  accord  with  one's  professional  opinion
in  order  to  get  the job  and  meet  payroll.

3.    Field  decisions  made  from  the  ofrice.
4.    Decisions based on opinions/observations made by

inexperienced  personnel.
5.    hack of apprenticeship under cxpericnced personnel

and lack of supervision of inexpcricnced personnel.
6.    Following  company  policy  that  dictates  standard

procedures that are not always appropriate for the
situation.

7.    The selling of one's professional signature without
taking  "responsible  charge"  of the  project.

8.    Not seeking expert advice when the problem is out-
side the limits of one.s knowledge and cxperiencc.

9.    Failure to properly scope a property during the ini-
tial  site  visit  to  detemine  extent  of investigation
needed  to  identify  geologic  hazards.

10.  Relegating the scoping and cost estimate to some-
one  conccmcd  solely  with  marketing.

Failure  of the  Government  Regulatory  Review  Process
to  Function  in  a  Responsible  Manner  Such  As:

I.    Govcmmcntal  rcviewcrs just  looking  for  the  sig-
nature  of  a  registered  professional  as  a  basis  for
approval  and  not  at  the  adequacy  of the  report.

2.    Political  pressure  forcing  the  approval  of projcets
that should not be approved due to a lack of tech-
nical  merit.

3.    Govcmmental employees not completing a site in-
spcction or visit as part of review and not refcrcn-
cing or reviewing past dceumcnts. aerial photos. and
o(her materials/documents on file as part of the rc-
view  process.

4.    Reviews  completed  by  unqualified/unregistered
personnel.

5.    Managcmcnt  concerned  with  budgctary  fac(ors
and  abandoning  the  homeowner/taxpayer.

CONCLUDING  REMARKS

Developers, and society as a whole, often make de-
mands  of our profession  which  force engineering  gc-
ologiststomakcdifficultprofcssional-practiccdecisions.
However attractive some op(ions may seem, competent
and e(hical professionals must rcsis( the easy path and
must strive to provide accurate interpretations and rea-
sonable  recommendations.  Latent  defects  may  remain
as  residual  defects  on  some  properties  no  matter how
(horough the site analysis. The prescncc of such defer(s
may explain why the loss reduction appears to be limited
to about 90 to 95  percent.  However, the  fas( that not
all  failures  will  be  avoided  must  not  dissuade  gcolo-
gists  from  performing  hazard  identirication  and  miti-
gation  in  a  diligent  and  prudent  manner.

4cO

We would like to encourage all professionals to get
out of the office and observe failures when they occur.
Petroski  (1993)  has  stated  that  .The  single  most  im-
portant source of judgment lies in leaning from one.s
mistakes and those of others..' We hope that the "mis-
takes" highlighted in this paper will provide an oppor-
tunity  for  geologists  to  develop  and  enhance  profes-
sional judgment that will result in reducing the number
of failures.
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PF!ESERVING   THE   VALUES   OF   NATIONAL   PARKS:      MITIGATING   THE
IMPACT  OF   OIL  AND   GAS   EXPLORATION   AND   DEVELOPMENT

David 8.  Shaver
Chief,  Geologic Plesources Division
Natural Plesource Program Center

National  Park Service

The National Park Service (NPS) is charged with preserving the natural,
cultural, and historic resource of parks for the enjoyment of present visitors and
future generations of Americans.   However, due to private mineral ownership in
parks or leasing on adjacent lands, mineral development occurs in and around
parks that has the potential to adversely affect park resources.  The challenge for the
NPS is to protect park resources while allowing the reasonable development of
private mineral rights.   To manage in-park development, the NPS has established
an operation permitting system that requires the use of the most environmentally
friendly techniques and advance consideration of restoration of the affected lands.
The NPS requires industry to consider not only the immediate environmental
consequences of its operations, but the long-term effects on the surrounding
ecosystem and viewshed as well.

F}ecently, technological advances in the oil industry,  including three
dimensional seismic data, downhole mud motors, and extended reach or horizontal
drilling,  have made the reevaluation of old hydrocarbon provinces and exploration of
new areas more feasible geologically and attractive economically than ever before.
These technology advances have increased the pressure for mineral development
on parks and other public lands.   Experience has shown that much of the
environmental impact from oil and gas operations results from surface disturbance
associated with  geophysical acquisition, exploratory drilling, and production
facilities.   Additionally, studies have shown that surface disturbance on public lands
heavily influences the public's perception of oil industry operations.

As the industry strives to minimize its impact, meet increasingly strict
regulatory requirements, and enhance its public image, new and environmentally
sensitive techniques have been developed to reduce impacts on sensitive lands.

Examples include remote acquisition of seismic data, vehicle modifications,
containerized mud systems or zero-discharge drilling, use of existing vegetation and
topography to diminish viewshed degradation, and an extensive array of secondary
containment techniques.   Advance planning and facility design incorporating
reclamation considerations can effectively and economically provide for restoration
of abandoned well sites and production facilities to near natural appearance and
minimize  reclamation  requirements.

Creation of new roads in particular is a contentious issue on public lands.
Studies have shown environmental impacts from oil and gas operations per se are
not nearly as detrimental as the long-term effect of unrestricted access into
previously roadless areas that results from road construction.   Sensitive
management methods include closing or limiting access on rig roads, maximizing
use of existing roads and pads, multiple wells drilled from a single pad, using non-
traditional vehicles,  and reclaiming roads upon completing operations.



Ensuring wealth and standard of living for future generations

John  C.  Steinmetz
Indiana   Geological   Survey

The wealth of nations derives from their natural resources.   A high
standard of living largely results from a nation's wealth and its care for the
environment.   In the United States, environmental laws and regulations have
been establishe.d to help secure the standard of living for present and future
generations, yet the present wealth of the nation is, for the most part, supported
by its rapid production of non-renewable minerals.   (Minerals here refers to
metallic and non-metallic, fuel and nonfuel minerals, and water.)   There are few
incentives in place to ensure a basis of natural resource wealth for future
generations.

Current rates of mineral resource extraction are driven by demand;
therefore, aside from the law of supply-and-demand, there are no limits placed
on the quantities of minerals produced.   While providing for immediate wealth
for the producers and the nation, such practices are shortsighted in the context
of continued or prolonged economic wealth and well being beyond the
immediate present.   By establishing a balance between short- and long-term
extractive practices, the mineral wealth of the nation can be preserved for
future generations.

The prospect of a national mineral bank should be explored.  The
nonrenewable resources would be treated as assets in the bank.   Withdrawals
would be paced to meet current needs, while reserving some remaining
balance for future generations.   At present, conservation measures slow
withdrawals from the nation's mineral reserves, but despite being well-
intentioned, they are meager efforts and do not amount to a concerted or
national effort.

How would a natural resource mineral bank function?   Using objectively
collected data amassed by federal and state geological surveys, mineral
assets would be catalogued.  The known reserves of each mineral would serve
to establish a balance.   Based on the balance, rates of withdrawal (extraction)
would be projected, ensuring a moderate rate of growth balanced against
projections of population growth,   "Deposits" to the mineral bank could be
made with each new discovery of an economic deposit.  Tax or production
incentives could be granted to mineral developers who contributed to an
increase of the national balance for a particular mineral commodity.   Similarly,
premature withdrawals would be conducted at a substantial "early withdrawal
penalty rate."

A national mineral bank board, having powers similar to those of the
federal reserve bank, would determine or declare the mineral balance in the
bank, forecast the totail life of a mineral reserve (namely, in terms of centuries),
set frequency and rate of withdrawals (for example, units per decade), and set



interest rates.   The board would regularly reassess the balances.   Depending
on demands placed on the availability (supply) of a particular mineral
commodity, a natural incentive to establish altemative technologies may be
built into the program.   Shifts in the demands for a particular mineral would be
expected as new technologies develop.   New practices developed in refining
or reclamation might also markedly increase an available balance.   Such
activities would be richly rewarded, again with tax incentives.   Minerals not
native to this country or in short supply would continue to be imported to fill the
demand and maintain a balance, thereby securing a steady supply and
reserving balances in the mineral bank for future use.

An ancillary benefit to limits placed on the extraction of minerals in the
bank might be the incentive to conserve or recycle minerals which are in
greater demand.   Land fills could be better planned and "mined" by requiring
(also through incentives) the sorting of refuse into simple, gross categories
such as metals, glass, synthetics, inert or bulk materials, and organics.

An extensive awareness and education program would be necessary to
ensure the success of a national mineral bank.  The first elements of such a
program would stress the fact that unfettered extraction of all minerals is not in
the long-term best interest of sustained high standards of living for our progeny
or for the security of the nation.  A major change in the national perspective
would be required, one that would mean some degree of sacrifice for the sake
of unknown, future generations.   Finally, the concept of a national mineral bank
may fail for two very important and simple reasons:  selfishness and
shortsightedness.

I
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ENCIRCLING THE PEAK OF WORLD OIL PRODUCTION

Richard C. Duncan] and Waiter Youngquist2

Abstract

We assume that the peak of world ch production win be a watershed in human
history. Our goal is to predict the world peak. To accompnsh this goal, we have
developed (to our knowledge) a unique new procedure based on oil production

faiafrisd:ta(1)a:;]ryosisin:;°£Vder2f:=aitfgFulast  and  heuristic  knowledge.  It

The program models the historic production and predicted future production for
the world's 42 top off-producing nations (each nodded sapamtely), grouped into
7 regions, and the world.

Feevi:aTba,;e%nivsert;.b.¥ieu5.i:erri=s;:pf=r;r::&gEF:=aoknedn±offig|%esY¥
designated "Issue #2." It predicts the peak production yeaLr and the expected
ultimate recovery for each nation qTable 1). Similar information is given for each
region qTable 2).

Figure  1  depicts  the  world  oil  production life-eycle  with  the  peak  in  2007.
Likewise, Figures 2-8 show the lifertyde for each of the seven regions, with
peaks  ranging  from  1984  for  North  America  to  2010  for  the  Middle  East.
Important aspects are discussed in the text.

¥eth¥e:i.t„°Ehsa¥#,?w¥EL°!t;ba::=:rtr::i|arbeynffeesdrayeei::°::s#epvg
made so far. Specificauy, the 1996 Issue #1 put the peak in 2005 (Duncan, 1997);
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or after 2007. Pehaps 10 base<amps will be required. Maybe more.

Yaneiveth=i;:;i#ti.#.#±¥£EL=;¥e*iT:+;i.h:Ep&ye,#,ethmeeFii:
Page 15 gives the site address.

Further:  We believe the new forecasting method can successfully predict the
production lifeeyde of any nonrenewable resource, including on, gas, coal,
urani`m, hthiup t`ingsteri etc.

Please address your comments to dunca"o©haleyon.com

tlnstutite on Energy and Man, Seattle Washington
ZGonsulting geologist, Eugene, Otngon
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ENCIRCI.ING  IHE   PEAR  OF  WORLD  011.   PRODtJCIION

Richard  C.   Duncan   and  Walter  Youngquigt
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The  cotBing  of  oil.     In  all  human  history  no  substance  has  so

changed  economies,   social  Structures,   and  lifestyles  so  rapidly,

so profoundly,  and affected  go many people  as  has  oil.    Oil  brought

personal  motor  transport,   intercontinental   air  travel   creating
worldwide    economic    and    cultural    interchanges,    revolutionized

agriculture  and manufacturing,  and  lifted much work  from the backs

of  many  people.

Oil  converted  muddy  trails  into  nilliong  of  miles  of  paved

roads,   and  continues   to  maintain  them.     Oil  powers  vehicles  to

transport   goods   cheaply   across   great   distances.      Oil   is   high
density  energy  in  a  most  convenient  I orb  which  can  be  taken  to

remote  areas  for use,  and  it can be easily  Stored  for  long periods
of  time.    Oil'g  versatility  in  end  use  has  no  equal.    Oil  is  also

a  cause  of  war.

Oil  nor.  than  .a.rgy.     Very  importantly,   oil   is  also  raw
material   for   nyriad   products   including   medicines,   paints,   and

plagticg.    Oil  and its  close  companion,  natural  gas,  are  the bases
for thousands of other petrochemical products ,  especially chenicals
to  promote  crop  growth,   and  to  defend  crops  against  insects  and

diseases.   Bartlett  (1986)  correctly states that modern agriculture

is  Simply  a  way  of  converting  petroleum  into  food.

Ih®  going  of  oil.     The  coming  of  oil  hag  changed  the  world,

pregumbly  much   for   the   better.      But   oil   is   finite,   and   its
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inevitable  eventual  decline  and  departure  will  be  a  Signal  event
in human  history.    Anticipating the time when  this  trend begins  is
the   subject  of   this   paper.      It  appears   to  be   sooner  than  most

people    expect.        The    very    critical    related   matter    of    what
alternatives  may  exist  to  replace  oil  is  also  briefly  examined.

A  550  nillioB  year  inherltaac®.    Oil  has  formed  in  the  upper

approximately  16,000  feet  of  the  Earth'g  crust  Since  at  least  as

far  back  as  the  Cambrian  Period,   gone  550  million  years  ago.     It

is  a  rich  inheritance  of  highly  concentrated  solar-derived  energy
captured by nyriad organisms,  chiefly algae,  and then distilled by

geological  processes  into  an  energy  form  that  ig  unequaled  by  any
other  energy  source  in  versatility  of  end  use,  and  convenience  in
handling.     Now,   Within  one  human  lifetime,   half  this  unique  550

million year  inheritance will  have been  spent.    The  remainder will

go  very  fast.
Th.  oil  int.rval.     We  are  not  in  the  Age  of  oil--the  tern

"Age"  is  for  things  of  longer  duration.    We  are  living  in  a  brief

oil  interval.    The  average  citizen pulling  into  a  service  Station
and  saying  "Fill  'er  up"  gives  little  or  no  thought  to  where  the
oil  came  I ron,  or  how  long  that  gtrean  of  gasoline  will  continue
to  be  available  to  flow  into the car'g  tank.    There were two brief
tines  in  the  1970s  when  the  American public  was  made  acutely  aware

of  what  the  lack  of  oil  might  mean.    But  those  long  gas  lines  are

now   a   faded   memory,    and   for   the   youngest   third   of   the   U.S.

population  there  is  no  Such  memory  at  all.
The  urong  qu®Btlon,  and  the  p.ak.     If  the  public  does  think
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briefly  about  future  oil  supplies,  the  question commonly  asked  is,
"How  long  will  oil  last?"    This  is  the  wrong  question.     Oil  will

be  produced  in  some  insignificant  quantity  perhaps  200  years  from

now.    The  critical  question  is:     "When  does  the  E§±]s  of  world  oil

production  occur? "
Ibpor+anc®   o£  +rorld  peak.      The   importance   of   the   "peak  of

world oil production"  ig  generally not 9ragped.    But  it  is the peak
time which is critical.   Hubbert  (1967)  emphasized its  Significance

stating:      "Because   gas   and   oil   are   exhaustible   resources,   the

discovery  history  of  these  fuels  in  any  particular  area  must  be
characterized  by  a  beginning,   a  period  of  increase,   a  period  of
decline,   and   ultimately,   an   end.      In   this   Sequence,   the   most

significant dates  are neither those of the beginning or of the end,
but  that  of  the  transition  between  the  period  of  increase  and  the

period  of  decline."    In  other  vordg,  the  peak.
The  United  States  has  already  brief ly  I elt  the  importance  of

peak.     Precisely  as  forecast  by  Hubbert  in  1956   (either  ignored,
or  regarded  in  gross  error  by most  people  at  the  time) ,  U.  S.  oil

production  peaked  in   1970.     The  U.   S.   actually  had  to  begin  to
import  oil  about  15  years  before  the  peak  was  reached,   as  demand

had   already   outstripped  production  capacity  by  peak  production
time.    But  the  fact  that  U.  S.  production  had  peaked  in  1970,  and

then  began  to  decline  further  a88ured the  succe8g  of  the  Arab  oil

embargo  against  the  U.   S.   in  1973,   and  altered  U.   S.  Middle  East

foreign  policy.
The  U.  S.,  well  past  its  peak  of  oil  production,  now  imports
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more  oil  than  it  produces.     But  when  world  oil  production  peaks,

there  will  be  nowhere  else  for  the  world  to  go  for  more  oil.    The

problem  then  will  become  the  harsh  reality  of  distribution  of  an
irreversibly declining resource,  rather than dividing more and more
oil  as  has  been  the  pleasant  experience  to  the  present.     This  is
when   I inal   competition   begins   I or   the   last   half   of   world   oil
reserves.     It  will  be  a  global  Struggle.     All  countries  will  be
involved--the   industrialized   countries   more   go   than   the   less
developed  countries.    For  the  first  time  the  entire  world will  be
locked  in  one  massive  contest  for  a  single  resource.    This  may  be

the most  important event in human history.    In terms  of  lifestyles,
our  relatively  cheap  and  abundant  food  supplies,   the  manufacture

of   many   things   Which   depend   on   the   energy   of    oil,    and   the

distribution of these products,  the beginning of the decline of oil

production  will  be  momentous  event.
This  Study.    We  have  forecasted the  peak  of  oil  production  in

each  of  42  countries  accounting  for  98  percent  of  1996  world  oil

production.    These  and  related  statistics  are  shown  in  Table  1.
- Table 1 is on page 22a -

From  production  data,  together  with  a  judgmental  amalgam  of

the  poggible  production  variableg  in  the  42   countries,   we  have

produced  a  composite  world  oil  production  prof ile   from  1960   to
2040,   shown  in  Figure   1.     The  Figure  also  Shows  the  profile  and

production   peaks    of    the   OPEC   and   non-OPEC   nations,    and   the
Significant  final  croBg-over point when OPEC  nations  (by that  time

chiefly  those  of  the  Persian  Gulf  region)  will  be  producing  half,
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and  from  then  on,  more  and  more  of  the  vorld's  remaining  oil.
- Figure 1 is on page 22b -

This  graph  f orecagtg  that  the  peak  of  world  oil  production
will  occur  about  the  year  2007--only  nine  years  awayl    After  this

time,   with   the  world   production  peak  at   30.6   Gb   a  year,   world

production  drops  rapidly  to  24.6  Gb  a  year  in  2020  and  to  11.5  Gb

per  year  in  2040--a  total  decline  of  62  percent  in  just  33  years.
Note   also   the   important   date   when   OPEC   production   becomes   the

dominant  world  oil  Source.    This  ig  also  at  the  time  of  world  oil

production  peak,   2007.     This  may  have  significant   implications,
because   at   that   time   the   vorld'g   remaining   oil   reserves   and

production will be largely under control of the Muslim Persian Gulf
nations ,

Present  world  oil  production  is  about  25  Gb  a  year.    The  2040

production will  be  legs  than half  the present  oil  consumption,  and
will  I ace  a  demand  I ron  a  world  population  which  ig  estimated  to

be   50   to  70   percent   greater  than  a  present.      Compounding  world

energy  demands  will   be   the   increasingly  industrialized   nations

(particularly  SE  Asia,   China,  and  India)  wanting  more  energy  per
capita.    China,  Southeast Asia,  and  India  now with  8ome  60%  of  the

world  population  are  getting motorized wheels.    If  China  used  oil
on  a per  capita  bagig  ag  does  the United States,  China  alone Would

account  I or  approximately  14  million  barrels  a  day  more  than  the

present  entire  world  oil  production.
Ineigtilficant production b.road 2040.    Although  8ome  oil Will

be produced well  beyond 2040,  ve have not plotted the  "tail"  of  the
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production  curves  of  individual  countries  or  of  the  world  beyond
the year 2040.   Production then will be  insignificant compared with

potential  world  demand.    The  happy  oil  interval  will  have  come  to
an end  for all practical purposes.    This  is why the common question
"How  long  will  oil  be  produced?"  is  of  little  consequence.

Production peak.  br  region.    Graphic  illustration  of  the  oil

production  history  Since  1960,  and  projected  future  production  of
Seven    major    oil    producing    areas    of    the    world    are    Bhoun,

respectively,  in Figures 2-8.   This provides  a view of the relative
abilities  of  each  of  these  regions. to  provide  for  its  own  oil.
Notably,   the   region  with  the   greatest  population,   Asia-Pacific

(Figure  8) ,  is  the  least capable  region  for providing  its  own  oil.
- Figures 2-8 are on pages 22c-22i -

The   basic   information   shown  graphically  by  Figures   2-8   ig

tabulated  in  Table  2.
- Table 2 is on page 22j -

For®cagts of oil peak.    In earlier years  a number of  forecagtg

have  been  made  about  the  peak  time  of  world  oil  production.    With

I ew  data  points  and  many  of  the  potential  world  oil  basins  only

poorly explored at that time,  most of  these  estimates  have  already
proved  to  be  wrong.     Thug  by  implication  it  ig  Sometimes  aB8umed
current  projections  will  (hopefully)  also  be  wrong.    However,  the

world's   potential   oil   provinces   are  now  well   known.    (Canpbell,

1997b) .    Recently,  based on more and better data,  further forecasts

have  been  made,  and,  although  each  estimate  is  Slightly  different
than   the   others,   most   now   cluster   remarkably,    one   might   gay
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alamingly  close  together  on  that  critical  tine.     These  include
forecasts  by Campbell  (1991,1997b) ,  Campbell  and Laherrere  (1998) ,

Duncan   (1997),   Fleay   (1995),   Hatfield   (1997),   Ivanhoe   (1995,1997)

and  MacKenzie   (1996).    All  estimate  the  peak  at  the  year  2013,  or

earlier  except  for  the most  optimistic  forecasts  by Edwards  (1997)

of  the  year  2020.    There  are,  however,  8ome  divergent  views  on  the

time  of  world  oil  production  peak  as  noted  by  Brown   (1998),   but

those  cited  here   are  the  most  recent,   and  ve  believe   the  most

nearly  correct.
Our  for.cast  methodology.    How  our  figures  and  estimates  are

derived  is  briefly  described  here.
The  oil  production  profile  (all  figures  include  natural  gag

liquids)    from   1960   to   2040   for   each   country   in   this   Study   is

modeled   separately   by   use   of   a   Special   program   (the   World   Oil

Forecasting   Program,   outlined   in   later   paragraphs).      These   42

production profiles  have  been melded into  a  Single  projected world
oil  production  profile  (curve  3,  Figure  1).

We  owe  much  to  the  great  pioneer  theoretical  Work  by  Elubbert

that  defined  the  oil  production  life-cycle  in tens  of  discovery,

production,   and  reserves,   and  which  he  used  go   successfully  in

predicting  the  peak  o£  U.   S.   oil  production.     However,   the  oil
I orecagting  program  and  procedure  used  in  this  study  departs  from

and  goes  beyond  his  I orecasting  method  to  try  to  anticipate  and
encompaBg   numerous  variables   related  to   future   oil   production,

particularly technological advances in exploration and production,
not  kno`m  in  Hubbert'g  time.
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The World Oil  For®caBting Program.    The  software  ("tool")  used

for  the  conclusions  expressed  in  this  paper  we  have  called  the
"World  Oil  Forecasting  Program"  which  consi8tg   of  two  distinct,

stand-alone  models  for  each  nation.

The  Nuneric  For®caetlng  Model.     The  first  model   (''N-model")

ig   quantitative,    using   production   data   and   znathematics   on   a

translated  coordinate  System  to  produce  an  intermediate   "helper"

forecast  for  each  nation.     This,   the  go-called  "guide"   forecast

("G-forecast"),    ig    a   purely   mechanical   prediction   of    future

production.       In   gone   cages   the   G-forecast   can   provide   useful
information  about the  Shape  of  future  oil production,  by providing
a  lower  boundary  on the  estimated ultimate  recovery  (EUR) ,  and the

probable   Shape   of   the   future   production   curve.      But   in   other
circumstances  it  is  not  very  useful  as  in  the  case  of  the  OPEC

production  quota-limited  countries.     The  N-model  produces  the  G-
forecagt,   the  best  forecast  we  are  able  to  make  based  solely  on

historic  production  data,  and mathematics.    Data  are  from British

Petroleum  (1968-1997),  and  Campbell  (1991).    Details  are  in  Duncan

( 1996) .

The  Guide  Forecast  i8  just  one  of  many  items  of  imf ormation

that  may  be  used  in  the   second  model  portion  of   the  World  Oil

Forecasting  Program.

Tbe  Beurlgtic  For®caBtlng  Model.     By  definition   'heuristic'

denotes   a   method   of   Solving   a   problem   I or   which   no   algorithm

exists.     It  involves  trial  and  error,  ag  in  iteration.    In  this
discussion   'heurigtic  knowledge'  means   'goft, '   'qualitative, '   or
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' judgmental'   knowledge.    Although  judgmental  knowledge  is  lacking

in  the  Numeric  model,   it  is  crucial  for  oil  forecasting  in  the
heuristic  model   ("H-model").     The  H-model  provides  the  user  with

a  powerful  interface  for  oil  forecasting,  chief  of  which  is  a  3-
curve  graph  for  each  nation with years  1960  to  2040  on  the  I-axis,

and production on the r-axis.    Curve  1  ghov8  the historic data  from

1960  through  1996--a  crucial  reference  for  forecasting.     Curve  2

Shows  the Guide  forecast  (previously discussed)  and  is  very  useful

ag  the  lower bound curve.    Curves  1  and 2  are  important  forecasting

aids,  but  they  are  only  the  beginning.
Curve   3   also  displays   the   historic  data   from   1960   through

1996,  but  this  tine  the  data  Serve  as  a  base  for  a  new  and  better

forecast   1997   through  2040.     A  so-called  graphical  input  device

(CID)   makes  it  easy  to  enter  and  run  different  trial  forecasts.
After   each  trial   run,   a  different  egtimted  ultimate   recovery

(FUR)   value  i§  displayed  go,   after  making  several  runs,   the  user
can   choose   an   upper-bound   curve   for   each   nation.       Thug,    now

confined   by   lower   and   upper   curves,   and   further   modified   by

judgmental input,  the user extends the most recent production trend
Beamleggly    into    the    curve    extending   through    the    year    2040,

providing  what  we  call  the  "judgmental"  forecast   (J-forecast)   of
future   oil   production,   one   nation   at  a  time.      I)etailg   of   the

heuristic  model  are  in  Duncan   (1997) .

In  our  42  nation  Study,  ve  have  also grouped the  nations  into

seven  regions   (Figures  2-8  and  Table  2),  and  made  a  world  gurmary

(Figure  1  and Table  1)  which are the output of the heuristic model.
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the   judgDental   for®cast.       This   step   is   qualitative   and
involves  judgmental  factors.    We  recognize  that  predicting  either
a   nation'g   or  the  world'g   oil  production  peak  is   not  an  exact
Science.     Elennessy   (1997)   States:     "Although  qualitative  factors

are  generally  more  prone  to  measurement  error  than  quantitative
variables,  we  Should  not  exclude  them  on  that  basis  alone.     How

well  a  model  recreates  the  8ystem'8  performance--and  thereby  the

model'g     usefulness--depends     on     much    more     than     measurement

precision."       In   our   model,    ve   have,    on   a   judgmental   basis,
incorporated   the   important   variables   which   we   visualize   might
affect  the  conclusio.nB.

In general,  we have not used reserve egtimateg  in our forecast

as   we   believe   these   to   be   less   reliable   than   are   the   actual

production figures.   Reserve estimates are subject to political and
economic  factors.    Basing  production  quotas  on  reserve  estimates,

ag   is   done  by  the  OPEC  nations,   may  cause  reserves   to  be  over-

stated.    Uging  oil  reserves  as  collateral  for  loans  a8 was  done  by
Mexico,  may  also  lead  to  inflated  figures.     Goverrment  ouned  oil

companies   like  to   show  a  gain  in  reserves   each  year,   and  this

factor may distort the reserve picture.   I.aherrere  (1995) ,  Campbell

(1997a,b),   Caxpbell  and  I.aherrere   (1998),   Riva   (1995)   and  others

have  pointed  out  the  risks  in  using  Stated  regerveg  by  countries,

designating  gone  as  "political  reserves."
although production  I igures  are also Subject to  8ome  error or

deliberate  rigstatement,   we  believe  that  production  can  be  more
easily verified than can reserves--unseen oil in the ground.   Also,
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production  generally  represents  the  true  ability  of  oil  I ields  to
produce,  except  in instances where production may from time to time
be  restrained  artificially  (e.9.  OPEC  quotas).    For  these  reasons

the  I irst  part  of  our  world  oil  f orecasting  ig  based  chief ly  on

production    history,    which    was    also    the    basis    of    Hubbert'g
successful  1956  forecast  of  the  U.  S.    1970  oil  peak.    Eowever,  in

this  Second  part  of  the  model,  we  do  employ  gone  reserve  figures,

which,   on  a  judgmental  basis,  nay  differ  considerably  from  those

reported  by  a  given  country.
Other  judgmental  elements  include  ultimate  recovery  volumes

based  on  what  i8  known  about  reservoir  characteristics,   and  the
effect   on   production   of    new   technologies    (e.g.,    3-D   and   4-D

seignic,  directional  drilling,  C02  and air  injection,  deeper water
and  subsalt  drilling  capabilities,   etc.)   (Anderson,1998)     These

are already to some extent factored into present production curves.
But  we  have  also  given  these  gone weight  in  the  judgmental  part  of

our  model  ag  we  project  the  curves  into  the  future.

Also considered are the most recent  leasing,  exploration,  and
discovery   trends,    current   and   probable   national   policies   and
restraints   (Such  as  OPEC's  production  quotas  which,   however,   are

frequently violated,  and Nortray'8  intent to limit production  Bo ag
to   make    their   production   peak   I lat   and   as    long-lasting   ag

possible).    Some  gubgtantial  discoveries  may  be  made,  although  it
should  be  noted  that  no  major  oil  I ield  in  the  world  ag  large  ag

Prudhoe Bay has  been discovered  Since the Prudhoe Bay  find in  1967.

Previously,   some  15  Super-9iantg   (£ieldg  with  five  Gb  or  more  of
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economically    recoverable    oil)     had    been    found    at    irregular
intervals.    We  now know the  location,  size,  and shape  of  almost all

of  the  potential  world  oil  basins,  and there  are  not  likely  to  be
many  if  any  large  surprises.    The world  has  been  rather  thoroughly

explored.      Much   of   this   information   is   proprietary.      However,

Masters   (1985)   and  his  a§§ociates  (Masters,  et  al.,1994)  with  the

U.   S.   Geological  Survey  have,   over  the  years,   provided  excellent

public  reviews  of  world  petroleum  resources.
4udgtbental  ®leDent  Bumary.    The  judgmental  elements  applied

to  the  historic  production  curves  are  an  important  part  of  the
world    oil    forecasting    program.         Purely    on    the    basis    of

extrapolating  production  data  into  the  future  (the  Guide  curve) ,
we   arrived   at   a   figure   of   1303   Gb   for   the   estimated   ultimate

recovery   (EUR)   of  oil  in  the  42  nations.    But  when  the  judgmental

element  is  applied  we  have  a  figure  of   1996  Gb  for  the  FUR,   the

figure  ve  believe  to  be  the  more  nearly  correct.    Other  variables
on which we have brief ly contented upon in the  I ollowing paragraphs

may   move   the   peak   back.      With   the   judgmental   element   we   have

resolved  these  into  the  final  world  production  curve.
t]ncoaventional   oil.        There   are   oil   deposits   which   are

gometimeg  termed unconventional,  ag  they can be made to produce oil

using   Special   technologies   beyond   those   employed   in   usual   oil

recovery    by     flowing    or    pumping,     which    also    includes     gas

repres8uring   and  water   flooding.      These   resources   include   oil
sands/tar  Sands,   and  oil  fran  wells  by  various  enhancing  methods

including  use  of  detergents,  hot water  injection  (Cold  I-ake  area,
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Alberta) ,   and  steam  flooding.     These  resources  will  increasingly

be  brought  into  production  as  economic  and  environmental  I actors

pemit.    We  have  factored  these  into  our  forecast  on  a  judgmental
basis,  but they appear to change very little the curve derived from
a  projection  of  conventional  crude  oil  production.     They  simply

give  a  modestly  extended  life  to  the  low  I ar  end  of  the  curve  of
world  oil  production.

The    problem    of    bringing    on    gut I icient    quantities    of
unconventional  oil  regourceg  to appreciably move  the  peak of world

oil production i8 illustrated by the calculation by Bartlett  (1998)
that  each  additional  Gb  of  oil  added  to  present  projected  world
supply,   would  move   the   peak  of   oil   production   just   5   1/2   days

further  away.
Fouda    (1998),   and   George    (1998)   have   recently   guggegted   a

signif icant   extension   of   the   available   volumes   of    oil    I ron
unconventional  Bource8.    However,  whereas  these  8ourceg  will  help

to extend the  far end of the oil production,  one problem with these
gourceg  is  their generally  low net energy recovery,  a  fact brought
out  by  Spreng  (1988) .    To  bring  on  production  from  unconventional

oil resources in Buf I icient quantity in time to alter the projected

peak  of  2007  even  just  one  year,  ig  quite  unlikely.
Alt.rnativ.   ®n®rgy   eourc.a.     Another  consideration   iB   the

anount  of  displacement  of  oil by other alternative energy  Supplies
which  could  limit  demnd  and  therefore  production,  thus  delaying
the  time  of  peak  production.     These  include  Solar,   wind,   hydro,

nuclear,  and geothermal  energy  Sources.    However,  an  evaluation  of
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how  soon  and  to  what  degree  alternative  energy  sources  could  I ill

the  gap created by the declining oil production indicate  that  such
sources,   neither   individually   nor   in   total   will   Significantly
replace  oil  within  the  next  15  to  20  years  and  perhaps  not  even

beyond  that  time,   given  the  many  ways  and  especially  the  volumes

in   which   we   use   oil   today.    (Youngquist,1997).       In   any   case,

neither  unconventional  oil  nor  other  alternative  sources  can  be
brought  into  production  goon  enough  and  in  8uf ficient  quantity  to

Significantly  affect the  time  of  the peak of world oil  production.
Economics.    We  also  recognize  that  economics  plays  a  part  in

oil   production.       However,    there   ig   a   difference   between   the

attractive oil economics by which oil displaced coal,  still leaving
large quantities of coal in the ground,  with the  Situation now with
oil.    Alternative  energy  Sources  to  possibly  displace  oil  do  not

have  the  great versatility  of  end use  and  the  energy/profit  ratio
that   oil   had   over  coal.      The   favorable   economics   and  the  much

greater  versatility  in  end  use  that  oil  has  compared  with  coal,
which   caused   the   Switch   to   oil,   generally   do   not   exist   for

alternative  energy  Sources  over  oil.    In  Spite  of  eventual  rising

prices,  we  believe  the  much  preferred  and  used  energy  Source  will
remain  oil  as  long  as  reasonable quantities  exist.

Eventually,  price will move oil into its higher and higher end

use values.    Transportation may be one  Such higher value.    The more

than  600 million gasoline and diesel powered cars and trucks  in use

today  cannot  be  quickly  or  easily  replaced  with  other  types  of
vehicles.    And there  ig  no alternative energy  gygten in  Sight that
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can  replace  kerosene  as  a  fuel  for  use  in  jet  aircraft.    Oil  for
Simply  burning  in  the  low  end  use  of  Space  heating  is  likely  to

become prohibitive  in cost.    In spite  of price,  oil will  remain in
Strong  demand.    For  these  reasons we  believe  that  the  curves,  both

regional  and  worldwide,  have  considerable  validity,  and  economics

will  not  materially  change  them.
On   the   Int®rn®t.       The   World   Oil   Forecasting   Program   i8

available at Website:   tnrv.halcyon.com/duncanrc/.   All programs are

free   (both  Macintogh  and  Windows  versions) ,   including  the  latest

run-time version  of  Stella  5.0.    Users  can  study  our  forecasts,  or

make  their  own  forecasts  for  42  nations,   seven  regions,   and  the

world.    All  historical  data  and the  guide  forecast  are  automatic.
No  programing  ig  needed.

Ho total oil  eubBtltut®e apparent.   There ig a general citizen

conf idence  that  alternative  energy  sources  exist  or will  be  found
to  replace  oil.      "The  scientists  will  think  of   Something"   is  a
widely  expressed  pleasant  public  placebo.     E[owever,   there  is  no

alternative energy Source or combination thereof  now knowrn that can

completely    replace    oil    in    all    its    many    and    varied    uses,

particularly  with  regard  to  the  concentration  of   such  a  large
amount  of  energy  in  Such  a convenient,  easy to  handle  fom  for use

in mobile machines  (cars,  trucks,  tractors,  airplanes,  etc.).    The

energy  source  that  can compare with  I ive  gallons  of  gasoline which

my  be  conveniently  carried  I or  hundreds  of  miles  to where  it  may
be  put  in  a  car  to  propel  it  for  150  miles  or  more  at  60  miles  an
hour  is  nowhere  in  sight.     Nor  has  an  alternative  energy  system
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been  identif led which  can  propel  an  airplane  non-stop  for  14  hours

at  GOO  miles  per  hour   (the  present  New  York  to  Capetown  flight) .

The distinguished British scientist and Statesman,  Sir Crispin
Tickell    (1993),    has   expressed   the   same   opinion   regarding   oil

alternatives  and  the  future  stating,     "...we  have  done  remarkably

little  to  reduce  our dependence  on  a  fuel  [oil]  which  is  a  limited
resource,   and  for  which  there  is  no  comprehensive  substitute  in

prospect . ,
Encircling  the  peak.    We  do  not  presume  to  have  the  precise

date  of  the  peak  of  world  oil  production.     Campbell   (1997a),   in

discussing  oil  reserve  estimates,  Stated,   "All  numbers  are  wrong:

that  much we  know.    The  question  is:    how wrong?"    The  same  thought

can  be   applied  to  the  peak  time  of  world  oil  production.      Our
estimate  nay  be wrong,  but we  do  not  believe  it  is  very  far wrong,
and  that  the  critidal  date  of  peak  World  oil  production  is  in
sight.       Even   allowing   for   the   highly   unlikely   event   of   the

discovery of  15 more  "super-giant"  fields,  our happy but very brief

oil   "interval"  ve  have  had  the  good  fortune  to  enjoy,   a  bright
almost   instant   flash   even   in  human  tens,   will   shortly  become
history.

We use a special map,  called a  "Scatter diagram,"  to track our

progregg   in   egtablighing   the   peak.      Each   forecast   pinpoints   a
milestone along the route.   The  first forecagt put the peak in year
2005,   with   production   at   28.50   Gb    (Duncan,    1997).       The   Second

forecast,   the  Subject  of  this  paper,  puts  the  peak  at  2007  with

that  year.8  production  at  30.64  Gb.    Successive  points  are  marked
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on  the  map  and  connected  by  lines,  each  line  on  average  reaching

closer  to  the  peak.    By  repeating  this  effort  annually,  we  expect
to  correctly  I orecast  the  time  of  the  peak  within  the  next  few

years .
E]owever,  the  exact  date  will  not  be  knorm  for  certain  until

some   time   after   that   year   arrives,   when   it   can   be   viewed   in
retrospect  with  the  downward  trend  well  established.     We  expect
that  the peak at  the  tine will  not be  easily recognized and rather
than   a   sharp   peak,   there   will   be   a   gradual   leveling   out   of

production,   and   the   peak  will   be   obscured   in   a   fairly   flat,
plateau-like  curve.    Our  figures  portray this  Shape  of  the  peak  in
our prediction  of  annual  Gb  of  oil  production  for  the year  2001  at

29.75;    2003,    30.41;    2005,    30.59;    2007,    30.64;    2009,    30.40;    2011,

29.52;   and  2013,   28.32.     The  peak  may  be  more  evident  by  a  Sharp

rise  in  price  as  demand  begins  to  exceed  supply  at  prior  price
levels ®

Egtinat®d  ultinat® irorld  oil  r®cov®ry  (EUR) .    An  outgrowth  of

our  Study  hag  been  an  estimate  of  the  amount  of  world  oil  which

will  ultimately  be  recovered.    The  most  recent  discussion  of  the
future   of   world   oil   production   i8   an   outstanding   article   by
Campbell   and  I.aherrere   (1998)   with  which  we   are   in   Substantial

agreement.    These  authors  egtimte  the probable ultimate World oil

recovery   at   about   1.80   trillion  barrels.      By   using   a   Somewhat

different    approach,    our   egtimte    is    2.04    trillion   barrels.
However,  Campbell  and Iiaherrere  do not  include  natural  gas  liquidg

in their estimate.   We do.    If one aBgume8  eight percent additional



18

oil  from  natural  gag  liquids,  then  the  Campbell/Laherrere  figure

is  about   1.94  trillion  barrels  compared  with  our  figure  of  2.04

trillion--in  remarkably  close  agreement.     Both  Studies  Show,   as
Ivanhoe   (1995)   has  also  noted,  that  there  is  a  now-visible  limit

to world oil  supply and we  are approaching the  halfway point  of  its
consumption.

The  circle  narrove  around  people  living  today.     As  already

described,   we  propose  to  Steadily  close  in  on  the  time  of  peak

world   oil   production   by   an   on-going    Study   as    new   data   are

available.      But  the   important  point  is   that  by  all   reasonable
estimates,  within  the  lifetimes  of  most  people  living  today,  the

peak   of   world   oil   production   will   be   reached.      We   should   be
concerned  now.

The  decllnlng  oil  supply  paradigm.     Policy  makers  worldwide

must   I ace   the   reality   of   soon   beginning   to  move   into   a   post-

petroleum economy which will be markedly dif ferent from our present
circumstances.     Achieving  an  orderly  Social,   economic,   and  non-

military transition to the post-petroleum global paradigm beginning
within  the  next  decade,  with  its  probable  much  changed  personal

lifestyles,    and   the   far   reaching   implications   for   both   the
agricultural  and industrial economies,  may be the  largest  and most
critical  challenge  the  world  hag  ever  faced.    The  implications  of

the  peak  of  world  oil  production,   and  of   the  beginning  of   the
irreversible  decline  in  oil  supplies, .cannot  be  overstated.

Striking,  basic  fact8.    It  is  difficult  to get  the  attention
of   either   policy   mkers   or   the   public   in   general   concerning
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something  which  will  happen  10  or  15  years  hence.     However,   here

are  simple  facts which  should surely gain attention.    The world now

consumes  about  25  Gb  of  oil  a  year.    But  we  are  finding,  the  world

around,  less  than  5.5  Gb  annually.   (Campbell,1997c).    Campbell  and

I.aherrere  (1998)  state,  "In the  1990s  oil  companies  have discovered

an  average  of  Seven  Gb  a  year;   last  year  they  drained  more  than

three  times  as  much."    These  authors  also  note  that  the  world  oil

discovery  rate  peaked  in  the  early  1960s  and  they  add,   "About  80

percent of  the oil produced today I lows  I ron I ields that were found
before  1973,  and  the  great  majority  of  them  are  declining."

World  goizLg  .out  of  the  oil  bu81ness.     Any  company  which  is

selling  its  product  I aster  than  it  is  being  replaced  is  going  out
of   business.        The   world   is   going   out   of   the   oil   business.

Political leaders,  business planners,  and Social policy makers take
note.     Heed  the  words  of  Aldous  Huxley:      "Facts  do  not  c®as®  to

®a[1st  because  they  are  ignored."
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g.bl.  1.     Oil  production  peakl,   .one  .lready  e.tabliehed,
others   forecafited   for   42  countries,   representing   98   percent  of
total  World  oil  production.    Production  for  1996,  and  foreca8ted

2040.     C`lmllative  production  through  1996,   £oreca8ted  cumulative

production to 2040,  and  forecafit®d ultibate recovery  (FUR) .   Amount

yet to produce,  and percentage of  forecasted ulti"te recovery yet
to  produce.      Far   right  colurm:     The  percentage   fall   from  peak

production  to  year  2040.     Pot.I:     The  International  System   (SI)
te=p  -Gb-  ie  used in this  Eitudy,  and ie equivalent  to the U.  S.  use

of  the  tern  billion.     -*-  De8ignateg  OPEC  member.     "+-   Indicates

that  production  and  c`imilative  production  I ig`lre8  vere  increased
to  .ccount  for  nationfi  omitted  from this  list. 22a
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Figure   1.      World,   OPEC,   and   Boa-OPEC   Oil   Production   I.1£®-

Cycl.B.     Years   1960-2040  curves  and  peaks  of  the  world   (curve  3,

peak  2007) ,   non-OPEC   (curve  2,  peak  2001),  and  OPEC   (curve  1,  peak

2010) .    The  cross-over  point  When  OPEC  production  exceeds  non-OPEC

production   (year  2007).     In  2007  almost  all  OPEC  production  will
be  in  the  Persian  Gulf  region.    OPEC  nations  outside  the  Gulf will

have  minor  production,   except  for  Venezuela.     Some  countries  may

have  dropped  out  of  OPEC When  domestic  demand  exceeded  production,

with  no  Surplus  to  export.
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Flgur®   2.       North   AD®rlca.       This   includes   Canada,    United

States,  and Mexico.    United States passed its  peak in  1970,  but the

later   development   of   the   of I Shore   Mexican   I ieldg   along   With

Canadian  exploration   guccegges  moved  the  regional  peak  to   1984.

This  region,  dominated  by  the  United  States,  reached  its  peak  the
earliest  of  the  Seven  regions.     The  United  States  was  the  first
nation  to  gubgtantially  exploit  its  oil  resources,  and  reach  its

production   peak.      This   early   exploited   abundant   and   cheap   oil
helped   to   rapidly   propel   the   United   States   to   its   high   "oil
standard"   of   living   enjoyed   today,   but   maintained   now   only   by

increasing  oil  imports.

22c  ..
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Flgur®   3.      South   and  C.ntral  An®rica.      This   includes   all

countries  South  of  Mexico.     We  project  the  previous  peak  in  1996

Will   be   replaced  by   the   all-tine   peak   in   2005,   due   to   recent
successes  and  developments  along  the  eastern  margin  of  the  Andean

fold   belt,    the   privatization   and   increased   activity   in   the
Argentine  oil  industry,   and  more  aggre8give  development  programs

in  Venezuela,   which  country  now  accounts   for   about   51%   of   this

region ' a  production.
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Flgur®  4.     =urop..     This  region.8  production  is  now  chiefly

from  the  North  Sea,  Where  Norway  and  Great  Britain  are  dominant.

Other  European  oil   production  is  minor.      The  curve  reflects   a
Steady,  orderly  growth,  and  then  a decline,  with  the  peak at  2001.

Decision  by  the  Norwegian  Government  to  limit  production  in  order

to  flatten  and  lengthen  their  production  peak,  may  move  the  2001

peak to  slightly  later.
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Figure  5.     Fom®r  Soviet  Union  (FSU).     Since  the  break-up  of

the   USSR,   this   region   now   has   diverge   political   and   economic

agendas.    The  previous  production  peak  reached by  the  unified  USSR

in   the   1980s   seems   unlikely   to  be   surpassed.      The   Russian   oil

regions  are  in  an  aging  phase.    The  now  independent  republics  are

not  coordinated  in  their  ef I ortg  to  Secure  needed  I inancing  and
technology for oil development,  and will not achieve a unified peak

production time.    We  do project  a  secondary peak the year  2008,  but
it  will  not  reach  the  earlier  1987  USSR  peak.
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rlgur.   6.      Xlddl.   =a.t.      This   region   holds   the   bulk   of
remaining  World  oil  reserves.    Because  of  political  and  religious
con8ideration8,  and  the  production  quota  eyeten which  i8  bet  With

intemittent   and   uneven   8ucce8e,   production   here   i8   the   zboE!t

di££icult of the  seven regions to forecagt.   E[ovever,  the practical

political  necessity  for  these  governnentg  to  continue  to  finance
their variety of  Social prograng,  cohoined With the rapidly growing

population,  8ugge8t  that  production  Will  continue  to  approach  the
cla8eic  bell-ehaped  production  curve  of  a  finite  resource.     Even
allowing  for Come  intemittent production digtortion8,  Such ag  the
U.    N.    oil   .ale   curtailment   imposed   on   Iraq,    the   cuzlre   fieeDs

egtabli8hed  long  enough  to  be  projected  With  8oDe  conf idence  to

2040.      It  i.  clear  this  region  Will  be  the  laflt  to  reach  peak

production,  in  2010.    By  2007  the  region will  account  for  half  the
World.8    production,    and   will    dorfuate    world    oil    production
thereafter.    In  the year  2020,  when oil  prices  tJill  be much higher
relative  to  today.8  prices,  this  regioa will  have  the  bulk  of  the
vorld'e   oil   yet   to   eell--a   I.rge   international   econoric   .nd

political  advantage. 228
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Figure 7.   JLfrica.   Production importance order in this region

is  Nigeria,  Libya,  Algeria,  Egypt,  and  Angola.     Other  production

is  minor.    This  rank of  importance  is  not  likely to change,  except
that   Angola   could   Dove   up   ahead   of   Egypt.        Therefore,    the

production  curve  data  controls  already  in  place  probably will  not
be  Significantly  altered.    With  the  peak  year  very  near  at  2001,

the  curve  ig  already  Well  established.

22h
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Figure  8.     Asia  Pacific.     This  includes  Indonesia,   Brunei,

Australia,  China,  and  also  India  as  the  principal  oil  producers.
It  produces  about  llS  of  present  world  oil  gupplie8.    With  60%  of

the world'B population,  this  region has been endowed with only  7.6%

of  the  world.B  oil.    A8  Asian  nations  become  more  motorized,  a8  ig

their  plan,  their  oil  demands  Will  add  Significant  strain  to  the
world'g  production capacity.    China is  seeking  joint ventures with
Cagpian Sea region oil operations,  and hag already bought into  gone

U.  S.  oil  production  in  the  Gulf  of  Mexico.
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Peak all Productlon Cum ulatlve Pioductlon Y®'.'O- Y®'-'O. Bedlrro:

I Flegkm Ycor Peak 1996 2040 1996 2040 EUF] Produce Pwhce Pk-2040

Gb/y, Gb/yr Gb/y, Gb Gb Gb Gb % %

I North  America 1984 5.6 5.2 0.9 245.4 375 382 136.9 35.8 85

I So. & Cent. Amerloa 2005 2.6 2.2 1.1 72.1 167 177 104.9 59.3 57

bl Eurooe 2001 2.7 2.5 0.5 30.6 98 loo 69.4 69.4 83

IV Fomer Soviet union 1987 4.6 2.6 1.7 130.7 244 264 133.3 50.5 64

V Middle Etst 2010 12.0 7.5 5.4 210.0 654 754 543.5 72.1 55

Vl A'rlca 2001 3.1 2.7 0.9 65.6 160 166 100.0 -60.4 72

V'l Asla Pacde 2003 3.0 2.7 0.9 55.9 148 154 97.9 63.7 71

Reglon® Total 2007 30.a 25.4 11.3 810.3 1®46 1®96 11e6 5® 62

|abl®  2.    Summary  of  Seven major world  oil  producing  regions:

Peak production year and volume.    Production  in  1996  and  forecasted

production    in    2040.        Cumulative    production    1996,    forecasted
cumulative production 2040,  and forecasted ultimate recovery  (FUR) .

Amount  yet-to-produce  in  Gb,   and  percent  left  fran  original  oil
endowment.     Decline  from  peak  production  to  2040,  in  percent.

22j
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WIEMORANDUN

DATE:                 September 2,1998

TO:                      Lee c. Gerh

FROM :               Jame

SUBJECT:        Scien

d, Director and State Geologist,
Survey

s, Director and State Geologist, DGLS

and Public Policy

Hope we can have someone at the conference.  What you have proposed is a most
worthwhile intent.   I have a few thoughts on this topic as well.  These in part stem from
my position on Missouri's Land Peclamation Commission with coal and industrial
mineral permitting responsibilities.   Also, with our environmental work for the last
several decades we have seen these matters swell into torrents of emotional rhetoric.
Currently, with reference to land fills, if the proposed site fails the hydrogeologic
environmental protection needs site characterization investigation as defined in our
statute and rules, it goes no further.  That has markedly reduced the costs,
displeasures, antagonisms and other adverse occurrences concerning land fills.  Here,
an early based science decision can make a big savings in time and money plus
reduces the confrontation levels, markedly.   Public policy made this possible.

With specific reference to resources and the public policy, all the science in the world
(regardless of credibility) has no chance against a public who lacks even the basics of
natural resource-geology knowledge.   Until we can provide a semblance of that
learning, especially in the school environment, we can count on a continuance of
present difficulties.   Knowledge means communication is possible.  This knowledge is
vital for those persons who become county commissioners, planning and zoning board
members, city councils and mayors and others participating in local government
decisions and policies.

Even when these folks have knowledge of science and resources, they are in an
extremely difficult position.  There has to be a balance of responsibilities between both
state government and local government.  For some decisions, citizens can make life so
miserable for local government, no decision is possible.  CAFO's are an excellent
example.   In order to stave off the militants, local authorities, and some counties
created ordinances that would have halted work of the ordinary small farmer not
realizing what they were doing.  The anti's could care less.   For these highly volatile and

®
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at times physically dangerous situations, only state level decisions are feasible. At
some hearings and related actions, we will have state highway patrol present.  Also,
there are some sites that need to be elevated to the federal government.  What and at
what level natural resource and competitive land use decisions are made are matters of
public policy.    I hope that is discussed.   However, to do so in a meaningful manner
means local government people need to be present as well as those at state levels.

Our industrial mineral site permitting decisions are at the state level and under the
umbrella of the Missouri Land F}eclamation Commission.  They act through the staff
support of the Division of Environmental Quality, one of the five divisions in Missouri's
DNP.   However, if county planning and zoning has created ordinances that prohibit an
industrial mineral site, there is nothing we can do about that.   I fear that will be the
increasing trend.   Citizens near a proposed mineral extraction site are seldom pleased
with our decisions.   Elected officials get into the act.  Threats are made relative to our
statutes.    As long as it is in some one else's back yard, or constituency, then by all
means permit the site and reduce downstream product costs.   If in my backyard, not
only no, but hell no.  The ultimate costs to others or loss of the resources is of no
matter.   Regardless of how well the operation of the quarry or other natural resource
activity is conducted, there are generally hard feelings.  Some operators have the
compassion and knowledge to solve that, most do not or cannot due to the work
demands, their operation costs and so on.   Here also lies some public policy
considerations, specifically compensation for adjoining property owners and other
matters besides just pollution prevention.

For state surveys, the illustration you gave concerning sand and gravel resources on
the Kansas River is of paramount significance.  We as state surveys must maintain
credibility in our work relative to providing science based knowledge.   However, unless
we do that with a continuous means of communication with those persons in the area
under study, then our work becomes a surprise at the end.   If that happens, it will not be
well received.  Team building is an important theme to emphasize in any permitting
process.   Only by the applicant, public, scientist, and regulator joining to address all
issues and concerns from a team perspective, can the process be successful.   Making
sure we can operate so that state surveys can provide such information and in close
concert with those affected is definitely public policy.   Only our statutes can assure at
least some degree of protection from external public and political pressures.   I hope that
can be discussed.

c:       MimiGarstang
Ira Satterfield
Ardel Pueff
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A  chapter  in  "Geology-a  Gaze:   I.ooking  Toward  a  Livable  Future",   J.S.
Schneiderman,   editor.     W.H.   Freeman  Co.     Ear`ly  1999(?)

STAKES,    OPTIONS,    AND   SOME   NATURAL   LIMITS   TO   A   SUSTAINAELE   WORLD

E-an  Zen

Department  of  Geology,   University  of  Maryland,
College  Park,   Maryland  20742

INTRODUCTION:    A   COMMON   CHALLENGE

Let  me  set  the  stage  for  this  essay  with  a  metaphor.

Suppose   I  am  guardian  for  someone  who  may  soon  need  long  term

nursing  car.e  that  is  beyond  my  means  to  pay.     As  a  prudent

person,   should  I  count  on  a  medical  miracle  or  on  winning  in  a

lottery?    Would  I  not  want  tc>  forego  that  luxury  car  and  instead

buy  a  long  term  care  insurance  policy?

The  Earth  as  a  habitat  too  needs  a  long  term  care  policy,  a

safety  net;  and  we  hunans,   so  sure  of  our  Sagacity  that  we  call
'

ourselves  ffomo  sapjens., .are  its  only  capat)le  guardians.

Concern  about  the  future  of  the  Earth  as  a  place  for  civil

habitation,  of  course,  has  a  long  history.     For  example,  Garrett

Hardin  (1968),   in  his  seminal  eggay  "The  tragedy  of  the  cormons..,

Suggested  that  a  community  threatened  by  over-crowding  and

diminishing  resources  might  yet  salvage  sustainably  civil  social

arrangements  by  adopting  a  code  of  rewards  and  penalties  so

designed  that  self-interest  propels  communal  responsibility;  he

Called  this  ..mutual  coercion  mutually  agreed  upon."    A  tragedy

would  result,  however,   if ,   absent  Such  a  code  of  ethics,   ghort-

sighted  self-interest  is  free  to  trample  on  the  cormon  good.

During  the  thirty  years  Since  Hardin.a  paper,  world  population



has  nearly  doubled,   consumerism  is  on  the  rise  globally  and  is

being  applauded  by  politicians  and  economists  as  a  sign  of  an

improved  world,   and  the  tragedy  depicted  by  Har.din  seems  to  be

racing,   unst,oppable,   toward  its  fatal  conclusion.

In  addition  to  the  desire  to  leave  a  civilized  society  for

our  descendants,   another  cause  for  concern  is  a  recognition  that

those  who  benefit  from  living  in  rich  and  powerful  nations  and

societies  should  do  their  share  to  ensure  social  justice  on  a

global  scale.     This  means  that  the  futur`e  we  envision  should
include  amelioration  of  the  exploitation  of  the  environment  and

resources  of  the  poor  societies  by  the  rich.

Considerations  such  as  these  have  led  to  the  notion  of
"sustainable  development" ,   an  idea  widely  circulated  through  the

book,   Q]]r  Commc]n  Future   (World  Commission  on  Environment  and

Development,1987),   and  defined  as  "development  that  meets  the

needs  of  the  present  without  compromising  the  ability  of  future

generations  to  meet  their  own  needs...    This  definition  is  at  once
canny  and  cunning,   but  what  do  the  words  mean?    How  do  we

translate  good  intentions  into  action  that  may  be  politically
unpopular  (Aghby,   1993)?    How  do  we  ar.five  at  international  and

intercultural  compacts  that  can  effectively  implement  Hardin.a
•.mutual  coercion"  that  is  at  the  heart  of  a  sustainable  world?

Presumably  to  try  to  get  away  from  semantic  quagmires  and

conflicts  of  perspective,   some  Scholars  have  shifted  their  focus

onto  ..sugtainability  tranE5ition"  which,  according  to  the  National

Research  Council.a  Board  on  Sustainable  Development   (Robert  W.



Kates,1997,   written  communication),   is   "to  encourage  a

successful  transition  in  t,he  early  decades  of  the  next  century  in

which  people  meet  their  wants  and  needs  in  sustainable  ways  that

move  away  from  ones  that  degrade  the  planet-s  life  support

systems  toward  ones  that  sustain  or.  restore  them,   and  that  move

away  from  widening  disparities  in  human  welfare  towards  ones  that

reduce  or  eliminate  hunger  or  poverty."

This  description  is  much  more  specific  than  the  definition

of  "sustainable  development"  and  displays  a  commendable  purpose.

However,   translation  of  these  good  intentions  to  effective  global

action  is  likely  no  less  challenging  than  to  attain  a  sustainable
world  itself .

To  begin  this  process  of  transition,   the  developed  and

developing  nations  must  establish  a  Shared  view  both  of  what

constitutes  fair  and  equitable  distribution  of  resources,
including  the  environment,  and  of  what  can  be  done  to  bring  about

that  end.    Although  it  is  by  no  means  clear  that  all  nations  will

agree  on  the  criteria  for  a  fair  and  just  human  society  (gee

Huntington,1996),  a  point  central  to  global  sustainability,  yet
when  seen  as  in  their  self  interest  to  pitch  in  -  that  essential
ingredient  to  successful  mutual  coercion  -  national  leaders  have

on  occasions  at  least  shc]wn  verbal  statesmanship.     Examples  are

the  Law  of  the  Sea  Regime  for  that  global  commons,   the  Montreal

Protocol  on  CFC  for  stratospheric  ozone  depletion,   the  Rio  Treaty

on  the  global  environment,   and  the  Kyoto  compact  to  reduce  carbon

dioxide  emission.     These  agr.eements  do  not  add  up  to  a  program
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for  sustainability,   but  they  are  notable  first  steps.

rmAT   Do   wE   WANT   To   susTAIN,    AND   WHAT.s   AT   STAKE

The  term  "sustainable"  must,  mean  a  state  in  which  first-

order  factors  such  as  population  size,   r`esource  stock,   food

supply,   and  environmental  quality  are  in  balance,   for  a  period

that  is  lonE  compared  to  what  it  would  take  to  get  us  there,   for

otherwise  that  state  would  be  just  a  blip  on  the  growth  curve  not

worth  worrying  about.

A  viable  state  of  sustainability  must  be  global.    Thus,   it

must  be  established  in  a  materially  closed  system,  through  re-

ordering  of  priorities  and  habit  change,  aided  by  human

ingenuity.     What  conditions  are  necessary  for.  it  to  work,   and

what  nay  be  our  safety  nets  if  it  should  fail?    What  constraints

might  be  imposed  by  nature  and  by  our  concept  of  our  relation  to

nature?    What  can  earth  science  do  to  help  inform  us  about  the

prospects  and  limits  of  such  a  social  transformation?    And,  very
important,  what  role  would  political  and  cultural  factors  that
embody  the  communities.  value  systems  play  in  our  striving  for

sustainability?    Might  these  factor.a  form  a  landmine  of  social

strife  and  resistance,  triggered  by  fear  of  scarcity  and  of
change,  even  before  the  actual  depletion  of  natural  I.esources?

We  need  to  be  explicit  about  what  we  seek  to  sustain.     I

hold  that  we  must  not  Sustain  the  current  rates  of  resource

consumption  and  waste  production,   and  we  must  not  sustain  the

current  rate  of  population  growth  and  the  disparity  in  wealth

among  nations.     I  further  hold  that  we  cannot  seek  gustainable



develorment,   which   is  arguably  an  oxymor.on   (Lachenbruch,   1997;

hereafter  I  will  speak  of  a  sustainable  world,   society,   or

future).     Instead,  we  should  examine  the  lifestyle  of  the  vast

economical  middle-class  of  the  world,   which  might  provide  clues

on  productive  approaches  to  global  sust,ainability  (Durning,   1992;

Conca,1998,   written  communication).

We  need  to  know  what   is  possible  as  well.     Some  major

questions  we  might  ask  are:   (1)  are  there  configurations  of

society  that  are  unacceptable  to  all  civilizations  and  must  be

excluded  from  the  roster  of  potential  goals?     (2)  what  would  be

the  burden  imposed  on  the  Earth  and  its  resources,   including  the

biosphere  and  the  Earth-s  physical  environment,   if  the  goals  of  a

global  society  were  pegged  to  the  level  of  material  subsistence
that  the  developed  world  deems  desirable,   as  evidenced  by  our

lifestyles  and  by  the  exhortations  of  our  entrepreneurs  and

economic  and  political  leaders?    Finally,   (3),  what  are  the

options  that  must  be  treasul`ed  and  preserved  by  a  society  that

promotes  decent  life  for  its  inhabitants,  and  what  are  the
material  bases  essential  for  assuring  that  these  options  will  be

available  at  a  future  time  and  will  survive  the  process  of
sustainability  transition?

The  scale  and  complexity  of  the  global  future  defies

accurate  prediction,  and  well-intentioned  efforts  to  forestall

potential  problems  could  backfire  because  the  world  isn`t  simple
or  adequately  understood.   and  because  nature-a. processes  are

cormonly  nonlinear.     Forecasts  of  global  warming  have  often  been



challenged   (e.g.   Mahlman,1997;   Singer,1997);   past   forecasts

that  the  world  will  run  out  of  earth-based  resources  or`  food  have

been  confronted  by  the  bountiful  and  continued  supply  of  fossil

fuel  and  metals  at  least  in  the  more  affluent  societies,   and  by

successes  in  plant  breeding  that  have  provided  rich  harvests  of

rice,  wheat  and  corn.

Despite  these  numerous  past  successes  that  are  seen  by  some

as  giving  the  lie  to  Cassandra.s  dire  predictions  (for  example,

Simon,1995,   Introduction  and  Conclusion),   it  seems  never`theless

overwhelmingly  likely  that  the  combination  of  population  growth

and  consumerism  cannot  go  on  forever   (Cohen,   1998,   commented  on

some  of  the  fallacies  in  such  optimism).    This  is  so  despite  the

claim  by  some,   including  scientists,  that  science  will  fix

problems  in  resource  and  environment  through  ingenuity:   the

problems  go  beyond  technical  knowledge  and  fixes;   they  place

demands  on  the  Earth  that  push  the  limits  posed  by  laws  of

thermodynamics.     Further,   even  though  human  ingenuity  and  the

elasticity  in  the  natural  system have  allowed  the  through-put  of

the  global  economy  to  increase  up  to  now,   the  Earth  is  a  closed

system  except  for  the  input  of  Solar  energy.     Sooner  or  later,   it

will  run  out  of  room  for  growth  (see  Daly  and  Cobb,   1994;

Youngquist,1997).     Reliance  on  future  inventiveness  is  the

metaphorical  equivalent  of  a  timely  medical  miracle.

We  do  not  know  when  that  moment  of  saturation  will  arrive:

it  may  be  already  her.e,   only  waiting  to  be  recognized.     Perhaps

the  oil  embargo  of  the  early  1970.s,   or  the  Gulf  War,   triggered

by  the  oil-consuming  nations.  perceived  need  to  protect  their
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supply,   or  the  collapse  of  the  world-s  fisheries,   are  har.bingers

of  the  day  of  reckoning.     Yet  few  nat,ional  leaders  seem  to  face

these  threats  to  the  habitability  of  the  Eart,h  with  much  sense  of

urgency:  which  U.S.   leader  can  expect  to  be  re-elected  if  he/she

advocates  a  no-growth  national  economy?    Yet,   if  we  seriously

care  about  the  well-being  of  our  descendants,   then  we  must  not

assume  that  human  ingenuity  will  provide  the  panacea.     The

affluent  societies  will  have  to  change  their  lifestyles,  and  all

of  us  will  have  to  work  together  to  effect  drastic  reductions  in

global  procreational  fecundity.

Some  simple  calculations  will  illustr.ate  what  is  at  stake

here.     Using  data  compiled  by  the  World  Resources  Institute

(1992,1996),   I  employ  seven  "tracers"  to  measure  material

consumption  and  pollution,   as  proxies  to  material  load  on  the

Earth  by  the  world.a  five  most  populous  nations  (as  of  1995,

China,   India,   U.S.A.,   Indonesia,   and  Brazil;   see  Table  1).     The

tracers  include  three  earth-based  metals  (crude  Steel,  copper,

and  aluminum),   industrial  use  of  electric  energy,  and  three

greenhouse  gasses,   C02,   methane,   and  CFC  (Table  2;   for  practical

reasons,   I  am  excluding  water  vapour.  here).

{Tables  1  and  2  near  here}

I

Imperfect  though  the  tracers  are  as  proxies  to  consumption

and  waste  generation,  they  do  highlight  the  fact  that  the  United

States  leads  numerically  in  every  category.    On  a  per  capita

basis  (Table  3),   our  preeminence  here  is  even  more  Striking  -our

per  capita  consumption  and  waste  generation  is  10  to  15  times



those  of  the  other  four.  nations.     Put  in  another  way,   in  terms  of

consumption  and  waste  generation,   every  child  born  and  brought  up

in  the  United  States  will,   at  the  1995  level,   have  an  impact

equivalent  of  10  to  15  children  in  the  other  nations.     If  we

deplore  societies  that  have  10  children  per  family,   how  then  can

we  accept  with  equanimity  two-children  families  here  with  their

project,ed  life-time  consumption?

{Table  3  near  here}

Most  of  us  probably  share  a  feeling  that  people  of  the  legs

developed  nations  deserve  better  quality  of  life.     Decency  and

equity  demand  that  we  help  them  to  improve  their  lot.     Better

life,   to  many,   especially  those  who  hitherto  have  done  without,

means  more  creature  comfort,  mater`ial  accretion,   and  improved

social  services;   for  better  or  for  worse,   this  will  mean  more

demand  on  resources,   and  more  generation  of  pollutants.

Suppose  the  per  capita  standard  of  living  for  China,   India,

Indonesia  and  Brazil,  as  measured  by  the  tracers,   is  raised  to

some  fraction,  n,  of  the  U.S.  value.     Their  national  consumption

relative  to  that  of  the  U.S.  can  then  be  expressed  by  a  factor  I:

i =  in  x  (national  population  size)/(U.S.   population  size)

Table  4  gives  the  results  for  in  =  0.25,   i.e.,   if  the  per

capita  standard  of  living  for  the  four  nations  rises  to  one

quarter  of  the  U.S.   level  for  the  same  time  period.     The  net  load

Increase,   i.e. ,   the  total  increased  consumption  of  a  commodity

minus  the  pre-improvement  value,  would  be  between  1.5  and  2  times

the   load  produced  by  the  United  States   (Table  4,   Column  "D.`).
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Because  the  four  nations  plus  the  U.S.   account  for  about  one  half

of  the  total  world  population  for  1995   (Table  1),   one  might  infer

that  a  global  improvement  of  per  capita  standard  of  living  by  the

same  fraction  would  lead  to  a  net  load  increase  2-3  times  the

current  value.     Table  4  also  gives   (right  hand  column)   the  r`atios

of  the  total  projected  load  increase  between  the  two  reference

dates,   1996/7  and  1992/3;   these  figures  show  that  on  the  whole

the  prospect  has  not  improved  over  the  time  period.

{Table  4  near  here}

If  the  U.S.   Share  of  the  load  were  reduced,   doubtless  too

optimistically,  to  half  of  the  current  values,  the  total  load  for
the  five  nations  would  roughly  double;   for  the  world  as  a  whole

that  might  mean  a  tripled  total  load.    These  estimates  do  not

inc.Jude  growth  in  the  world  population,  which  is  projected  to

continue  for  many  decades   (Cohen,1995).

Human  beings  are  estimated  (Vitousek  and  others,   1986)  to

consume  now  between  one-quarter  and  one-third  of  the  net  primary

production  (NPP),   i.e.,   the  amount  of  energy  captured  by  plants

through  photosynthesis  less  the  energy  consumed  for  their  own

growth.     Increased  human  consumption  would  leave  little  NPP  for

that  part  of  the  ecosystem  not  directly  feeding  into  the  chain  of

human  consumption.     Rough  though  the  figures  are,   they  raise

grave  concerns  for  a  suBtainable  future.

In  a  Study  of  the  ecological  footprints  of  the  average  U.S.

citizen,   Palmer  (1998)   showed  that,  per  capita,  we  need  about

twice  as  much  land  to  support  our  lifestyle  as  is  our  share  of



the  global  commons,   even  if  we   ignore  the  needs  of  the  rest  of

the  ecosystem.     Palmer-s  study  uses  a  different  approach  and

different  database  than  my  own  estimates,   nevertheless  his

conclusions  convey  the  same  message.

Despite  our`  imperfect  under`standing  of  all  the  interactions

that  affect  sustainability,  we  can  be  reasonsbly  sure  that  the

following  conditions  are  necessar`y  for  its  realization:   (1)   the

world  population  be  stabilized;   (2)   the  per  capita  consumption  of

materials  and  generation  of  pollutant,s  be  drastically  reduced;

and  (3)   the  disparity  between  the  developed  nations,   symbolized

by  the  United  States,   and  the  developing  nations  be  I.educed.

A  tall  order,  per`haps  unattainable,  but  the  consequence  of

taking  no  precautionary  measures  and  relying  on  the  hope  that

things  will  somehow  work  out,  would  be  the  equivalent  of  hoping

to  win  in  lottery  to  pay  the  medical  bill.     We  in  the  United

States  have  decided  that  we  should  not,  bequeath  to  future

generations  the  unsequestered  radioactive  waste;   should  we  not
accept  as  much  social  responsibility  for  the  protection  of  the

future  habitability  of  the  Earth?    Both  are  insurance  policies,

hedges  against  a  situation  that  must  not  be  allowed  to  happen  if

the  human  society  is  to  have  a  viable  future.

RELEVANCE   OF   THE   GEOLOGICAL   RECORD

The  Earth  is  not  a  static  place;   the  geological  record  shows

that  the  physical  and  ecological  environments  of  the  Earth  have

always  been  changing   (e.g.   Pielou,   1992;   Dickinson,   1995;   Singer,

1997,   p.   5).     Some  changes  are  slow  on  a  human  time-scale;
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others,   not  necessarily  minor,   are  rapid.     The  slow  rates

inferred  frclm  the  geological  record  may  in  part  result  from  the

fact  that  our  chronological  mileposts  are  commonly  far  apart,   so

the  average  rates  thus  deduced  may  poorly  reflect  reality.

Changes,   both  natural  and  anthropogenic,   that  may  affect  the

future  of  the  Earth  as  a  habitat  include  increases  in  greenhouse

gasses,   climate  change,   gealevel  changes,   and  ecosystem  changes

including  large-scale  migration  or  extinction  of  fauna  and  flora.

Such  geological  changes  are  indeed  ever-present  and  inevitable;

they  provide  the  needed  context  to  view  the  future.     A  runaway

growth  in  human  population  at  the  expense  of  the  rest  of  the
ecosystem  might  be  just  another  geologically  insignificant

natural  event.     This,  however,   does  not  address  a  purely  human-

centered  concern:   are  we  destroying  our  own  future  by  our

profligate  ways?    Can  humans  adapt  to  changing  natural
environment  fast  enough  to  ensure  a  viable  future  for  our

children?    In  the  geological  past,   fertile  land  may  have  been

reduced  to  desert,   sealevel  rise  may  have  inundated  lowland

areas,  and  the  air  temperature  may  have  risen  to  a  point

destructive  of  animal  and  plant  life.    Nobody  was  there  to

protect  the  threatened  life  species;  they  died  out,  evolved,  or
were  forced  to  adapt  to  different  ways  of  living.    As  members  of

the  '.civilized"  human  society,   however,  we  Seek  to  control  and

manage  our  land  and  its  utility  to  ug.    We  want  to  maintain  the

Earth  as  a  stable  living  space  conBigtent  with  our  idea  of  a
•.comfort  zone..,  modifying  the  Earth  to  suit  our  desires  rather

than  adapting  ourselves  to  it  -  witness  the  channelization  of  the
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Mississippi  River  on  its  delta,   or  the  efforts  to  ..shore  up"  the

beaches  on  the  mid-Atlantic  seaboard  so  that  vacation  houses  may

be  rebuilt  on  shifting  sand.

This  is  a  differ`ent  proposition  than  acknowledging  that  the

geological  record  tells  us  that  changes  are  to  be  expected.
Moreover,   aside  from  the  fact  that  we  deem  natural  changes  beyond

certain  limits  unacceptable,  we  also  do  not  know  how  large-scale

human-induced  changes  would  interact  with  natural  processes,   and

on  what  kind  of  time  scale.     Broecker   (1996,1997),   for  example,

discussed  how  anthropogenic  carbon  dioxide  could  cause  major  mode

shifts  in  ocean  circulation  that  would  drastically  affect  the

productivity  of  the  agriculttiral  land  in  the  circum-Atlantic
region.     The  record  of  the  Holocene  Period  shows  that  such  mode

changes  happened  numerous  times  and  that  the  rate  of  change  could

be  fast  even  by  human  standards  (years  to  decades;   see  Broecker,

1997,   and  Bond  and  others,1997,   for  data  and  primary  Sources).

Even  if  we  ignore  the  rest  of  our  ecosystem  and  focus  only  on  the

well  being  of  ffomo  saplens,  we  would  be  irresponsible  if  we  do

not  address  how  changes  in  natural  conditions,  whatever  their

causes,  could  affect  the  future  viability  of  the  world.

OPTIONS   AS   NONRENEWABLE   RESOURCES

I  take  it  for  granted  that  we  want  to  leave  for  our

descendants  a  gugtainable  opportunity  to  lead  decent,  civil

lives.     Such  lives  Surely  must  include  the  possibility  to  make

real  choices  among  alternative  ways  of  living.    Thus,  a  prime

objective  for  a  sustainable  world  must  be  to  preserve  and  if
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possible  to  enhance  future  options.     Options  are  r`eso_urces  some

of  which  are  nonrenewable  but  are  being  rapidly  depleted  by  human

activities   (Zen,1993).     Options  change  with  human  perception  of

the  possible  and  with  the  availability  of  goods  and  services;

they  are  both  material  and  intangible  and  are  anchored  to  both

material  and  cultural  foundations.

What  options  are  essential  to  assure  that  a  future  society

will  provide  a  decent  life  for  all,  while  treading  gently  on  the

ecosystem?    Every  choice  has  its  consequences.     For  example,   if

we  choose  to  use  up  our  petroleum  resources,   then  future

societies  would  have  to  do  without  this  source  of  energy  and

important  petrochemicals,   including  plastic  and  medicine.     If  we

do  not  take  steps  to  protect  the  soil  of  the  arable  lands,  we

would  be  hurting  people-s  dietary  habits  and  health.     Converting

nonrenewable  resources  in  the  ground  into  capital,   lauded  as
"value  added"   in  conventional  economics,  would  reduce  options.

Our  land-use  plans,  especially  for  sensitive  niches  such  as

tropical  forests,  wetlands,  riparian  systems,  and  ocean  islands,

should  opt  for  conditions  favourable  to  ecological  diversity.    We

should  consider  how to  sequence  our  land  use  so  as  to  maximize

options  (Zen,1983),   and  whether to  set  aside  certain  earth

resources  so  that  future  societies  may  deal  with  civilization-s

emergencies.     We  should  bequeath  to  our  descendants  both  the

opportunity  and  the  wherewithal  to  review  tJ]ejr  future  options  in

a  meaningful  way,   and  this  bequest  must  include  a  margin  of

safety  for  surprises  and  miscalculations.    Lastly,  respect  for
human  dignity,   that  sine  gtja  now  for  our  self-designation  as  HOJno
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5az]z.en^5,   is  also  a  social  option,   and  a  fragile  one  at  that,.     The

sidewalks  of  Calcutta,   the  shantytowns  of  Rio,   and  the  slums  of

our  own  inner  cities,   not  to  mention  the  recent  global  record  of

gover`nance  by  mass  terror,   ar`e  testaments  to  that  fragility.     If

we  want  to  preserve  future  options  to  choose  forms  of  social

organization  that  respect  human  dignity  and  human  rights,   then  we

must  preserve  the  mater`ial  base  for  it.

What  material  goods  are  required  to  underpin  a  given  option?

What  is  the  relative  importance  of  using  the  available  goods  now

versus  preserving  them  for  future  exercise  of  options?    How

should  we  allocate  alternative  ways  to  use  a  given  resource,  both

geopolitically  and  in  terms  of  the  nature  of  the  commodity?
These  issues  need  to  be  addressed,   and  the  sooner  the  better.

GETTING   THERE   FROM   HERE

Let  me  change  my  metaphor.     Instead  of  looking  over  a  long-

term  care  insurance  policy,  we  are  now  a  group  of  Lilliputians

traveling  down  a  rapids-filled  river  in  a  bulky  and  unwieldy

raft.    Our  dimunitive  size  relative  to  the  river  prevents  us  from
an  ovel`view  of  the  channels  in  the  river.     Although  we  know  that

different  passages  lead  to  different  strands,  some  of  which

provide  quieter  water  and  safety  from  disastrous  overturning,  we
are  unsure  of  the  locations  of  these  desirable  strands,  or  the

passages  leading  to  them.     Indeed,  we  have  not  yet  fully  defined

the  configuration  of  the  desired  quiet  strand.     So  not  only  must

we  make  decisions  on  the  run,   not  only  must  we  make  decisions

soon  because  delays  will  cause  the  loss  of  some  passages  and

quiet  strands,  but  we  have  to  be  able  to  steer  the  unwieldy  raft
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I int,o  the  passage  and  the  quiet  water.  without  major  mishap.     How,

then,   should  we  proceed?

It  seems  prudent  that  we  have  some  clear  idea  of  what  kinds

of  sustainable  society,   i.e.,  which  quiet  water  strands,   are

acceptable,   and  that  we  should  study  the  nature  of  the  river

current,a  so  as  to  steer  the  raft  safely.     Even  though  we  do  not

want  to  preempt  the  ability  of  our  descendants  to  make  their  own

choices,   including  their  preferr`ed  form  of  social  organization,

we  must  recognize  that  our  decisions  and  actions,   or  lack

thereof ,  will  affect  their  choices,   and  so  we  need  to  make

allowance  in  our  own  choices  for  that  fact.     We  must  also  allow

for  our  miscalculations.

A  conceivable  sustainable  society  is  one  in  which  the

majority  of  people  live  in  hovels,  barely  surviving  at  the

subsistence  level:  would  that  be  an  acceptable  goal?    Would  a

habitat  that  is  fully  polluted  and  teeming  with  sick  people  be

acceptable?    Should  we  tolerate  arr.angements  in  which  terror  and

intimidation  are  the  normal  way  to  rule  and  be  ruled?    Should  we

insist  that  all  nation-societies  enjoy  equitable  and  equal  access
to  human  amenities,  or  should  we  accept  social  and  economical

disparities  across  and  within  national  boundaries,  as  they  exist
now?    How  important  is  it  for  us  to  insist  that  the  sustainable

society  includes  respect  for  human  dignity  and  human  r`ights?

Assuring  that  we  can  answer  these  questions  and  can  choose

our  goal,  we  next  need  to  consider  how  to  preserve  the  options

that  accompany  this  choice.     The  liE5t  of  options  must  be
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complemented  and  supported  by  a  full  appreciat,ion  of  the  requir`ed

underpinning  of  material  bases.

CHOICES   WE   NEED   TO   MAKE

It  seems  reasonable  to  suppose  that  we  base  our  planning  on

a  realistic  size  of  the  futur.e  world  population  -for  instance,

12  billion  a  century  from  now.     We  need  to  anticipate  how  the

population  will  be  distributed,   economically  and  geographically.

I  believe  we  already  have  a  reasonable  grip  on  the  available

nonrenewable  earth  resources  at  least  to  an  order  of  magnitude

(see,   e.g.,   Barton,   this  volume;   Craig,   Vaughan  and  Skinner,

1988;   Youngquist,1997).     I  think  we  also  have  a  pretty  good  idea

of  the  pattern  whereby .these  nonrenewable  resources  tend  to

diminish,   and  some  idea  of  the  difficulties  in  extr.acting  the

inaccessible  remainders.

Suppose  we  make  the  most  parsimonious  projection  as  a  start,

and  assume  that  civil  society  can  be  Sustained,   on  the  average,

with  little  or  no  amenity  -  say  2000  kilocalories  of  daily  per

capita  food  intake  (in  terms  of  food  derived  mainly  from  Net

Primary  Production,  about  1-1/4  Iba  of  rice  or  wheat  and  nothing

else;   see  Cohen,1995,   especially  Appendix  5),   hovels  for

shelter,  polluted  air  and  water,  and  no  ecosystem  save  what  is

absolutely  essential  for  human  Survival  at  this  crude  level.
What  would  be  the  demands  of  this  projection  on  material  resource

and  the  environment?    This  level  of  survival  is  perhaps

unacceptable  for  most  of  us  living  in  the  developed  world,  but  it

is  close  to  or  better  than  the  daily  reality  for  some  of  our

I
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fellow  dwellers  on  this  globe.     Sad  to  say,   but  even  this  rock-

bottom  state  of  subsistence  would  be  unsustainable  if  population

growth  continues  unabated.

Paddock  and  Paddock   (1967)   asked  how  an  affluent  society

should  respond  when  it  encounters  dire  poverty  in  societies  where

basic  human  needs  such  as  food  are  in  short  supply  and  require

donation  from  outside.     They  suggested  a  triage  approach,  with

the  donor  societies  deciding  the  assignments  of  recipients  to

different  aid  categories.     Despite  Simon.a   (1995,   p.   22)   offhand

dismissal,   this  deeply  troubling  iE}sue  of  balancing  national

interest,  capability,   and  needs  with  fairness  and  justice  remains

unresolved,   and  could  seriously  impede  an  equitable  and  peaceful

sustainability  transition.

The  planners  -  social  scientists,  philosophers,  economists,

lawyers,  natural  scientists  (especially  ecologists  and

geologists),  political  leaders,   along  with  the  media,  will  need
to  get  together  and  consider  how  tct  establish  a  process  by  which

mutual  coercion  can  be  defined  and  accepted.     The  discussion  must

include  not  only  natural  resources  and  environment,  but  also  the

social  and  cultural  adjustmentg  that  accompany  the  transition.

The  planet  is  Small  not  just  in  ecological  terms,  but  also  in

human  terms   (Sachs,1998);   the  connectivity  of  human  and  natural

constraints  should  play  a  major  role  in  our  planning  for  a

sustainable  future.

The  scope  of  planning  may  be  global,   or  it  may  be  a  mosaic

of  regional  compacts;   it  could  even  be  based  on  ''civilizations"
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(Huntington,1996).     However   it,   is  done,   the  resolution  will  no

doubt  be  dictated  in  part  by  the  realities  of  today.s  national

powers  and  resource  distribution  and  in  part  by  demographical

projections;  but,   I  hope,   also  in  part  by  a  robust  sense  of

social  and  environmental  justice  and  idealism.     Every  one  of  the

conceivable   improvements  would  require  added  material  resources,

some  of  which  may  be   impossible  for  certain  demographic

projections.     Decisions  on  these  choices  will  lead  us  to
different  strands  of  quiet  water,  and  they  are  ineluctably

governed  by  the  availability  of  earth  resources.

These  earth  resources  are  often  grouped  as  "renewable"  and
"nonrenewable.',   depending  on  whether  their  time-scales  for

replenishment  are  human  or  geologic.     Examples  of  the  former  are

clean  water  and  air,  timber,   soil,   fishstock;  examples  of  the

latter  are  fossil  fuels,   ores  of  metals,  hydr`oelectric  dam  sites.

For  any  sustainable  future,  we  demand  that  either  the  time-scales

of  replenishment  be  short,  or  we  keep  to  a  very  low  rate  of

consumption.     However,   if  the  rate  of  replenishment  is  long

compared  to  the  rate  of  consumption,   then  even  "renewable"

resources  become  effectively  nonrenewable.

Clean water  and  air,  fertile  soil,  healthy  and  multicultural

stands  of  timber,  robust  and  sustainable  fisheries  -these  are
surely  essential  for  a  healthy  society;  yet  all  are  now  under

Siege  because  short-term  gains  have  taken  precedence  over  long-

term  conservation.    A  high-priority  item  in  planning  for  a

successful  sustainability  transition,  then,  must  be  to  point  out

how  to  use  the  renewable  resources  so  that  they  stay  renewable.
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Nonrenewable  resources,   by  definition,   cannot  be  extracted

in  any  sustainable  way  within  the  lifespan  of  human  inst,itutions.

How  to  provide  future  generations  with  such  resources,   then,

depends  on  the  time-scale  we  want  to  consider.     It  seems  that  a

minimum  duration  war.thy  of  our  effort  should  be  8  to  10  human

generations  -  say  two  centuries.     Some  of  our  nonrenewable

resources  may  be  effectively  exhausted  by  then,   in  the  sense  that

the  remaining  material  can  be  put  into  usable  form  only  by

processes  that  are  energetically  not  profitable  (i.e.   ..energy
return  on  investment"  or  "energy  profit  ratio"  less  than  one;

Cleveland  and  others,1984;   Youngquist,1997).     To  achieve  a

sustainable  future,  we  must  circumvent  this  major  barrier.

Recycling  and  substitution,  using  material  and  methods  that

perhaps  we  have  not  even  thought  of ,  may  alleviate  this  upcoming
shortfall.     For  example,   the  use  of  aluminum  and  titanium  as

manufacturing  materials,   and  the  use  of  nuclear  reactions  to

generate  electric  energy,  were  inconceivable  options  merely  a
century  ago.    However,   the  efficacy  of  recycling  is  ultimately

limited  by  the  Second  Law  of  Thermodynamics;   every  instance  of

recycling  loses  some  material  and  requires  more  energy  input,   So

sooner  or  later  the  process  too  will  run  into  the  brick  wall  of
"energy  return  on  investment."    Likewise,   reliance  on  the

conjectured  future  emel`gence  of  new  options,   such  as  new  forms  of

substitution,   is  based  on  faith;  even  if  it  should  ultimately

prove  true,  such  reliance  is  akin  to  counting  on  a  medical
tniracle  for  a  sick  person.
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EPILOGUE:    WORKING   FOR   OUR   COMMON    FUTURE

As  our  Lilliputian  travelers  brave  the  rapids,   they  do  have

some  notion  that  there  may  be  more  than  one  strand  of  safe  water,

and  that  though  no  strand  has  all  the  desirable  attributes,   some

strands  are  better  than  others.     Choices  must  be  made:   one  strand

may  be   "eguitable,   egalitarian,   limited  affluence  for  all'.,   one

may  be   "a  world  with  cr.eature  comfort  but  without  human  dignity;

reign  by  terror";   yet,  another  may  be   .'subsistence  for  most,

opulence  for  a  few."    The  rafters  know  that  every  strand  is

accessible  from  one  or  more  of  the  anastomosing  channels  of  the

river,  even  if  they  are  not  sure  which  passage  is  connected  to

which  strand.     They  also  know  that  the  manner  of  appr.oach  to  any

strand  could  determine  the  outcome.

As  responsible  citizens,   should  we  not  urgently  discuss

where  we  want  to  gc),   and  agree  on  the  groundrules  for`  decision

making?    Can  sustainable  societies  and  sustainability  transition

be  implemented  in  the  face  of  social  inertia  and  ignor.ance,   and

in  the  face  of  geological  and  biological  realities?    The  four

apocalyptic  horses  and  riders  of  sustainability  are  not  conquest,

slaughter,   famine,   and  death;  they  are  crowding,   loss  of  options,

marginal  subsistence,   and  loss  of  human  dignity.     The  horses  and

riders  are  reared  and  fed  on  unbridled  population  growth,

resource  depletion,  habitat  fouling,  and  social  inertia  and

selfish  intransigence.     These  factors  interact  in  ways  we  do  not

yet  fully  understand;  yet  the  task  of  sustainability  transition
hinges  on  knowing  how  to  quantitatively  counter.  their  effects.
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Happily,   some   leaders  now  recognize  the  need  to  act  while

ther.e   is  still  time   (e.g.,   Gore,1992).     The   international

agreements  of  recent  years  to  conserve  the  Earth-s  habitat,   even

if  only  partially  effective,   dc)  signal  us  to  pause  and  think.

These  are  hopeful  signs  that  Hardin.s  vision  for  a  social  ethic,

his  ..mutual  coercion  mutually  agreed  upon",   might  yet  be  put  into

practice.     But  the  grandest  of  all  pacts  of  mutual  coercion,   that
of  coordinated,   civilized,   and  effective  planning  on  population,

is  not  yet  within  sight.     Social  custom,   r.eligious  scruples,

value  system,  and  other  factors  have  so  far  collectively

prevented  the  world  from  dealing  sensibly  and  effectively  with
this  leading  and  fateful  hol`seman.

Even  blind  inaction  and  indecision  on  our  part  will  affect

available  choices  for  our  descendants.     Prudence  and  good

stewardship  for  the  living  world  dictates  that  we  start  to  chart

our  future  soon,   and  in  rather  specific  terms.     We  may  or  may  not

yet  have  the  knowledge  or  wisdom  to  make  all  the  right  choices,
but  do  we  at  least  have  the  sense  of  purpose  tc)  begin?
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Table   1.     World  population,   in  millions

U.S.A-
China
India
Indonesia
Brazil

Total

Percentage  of
1990                world  total

249.2                           4.7
1139.1                          21.5

853.1                          16.1
184.3                            3.5
150.4                            2.8

2576 .i

World  total       5292.2

48.7

Percentage  of
1995         world  total

263.3                   4.6
1221.5                 21.4
935.7                 16.4
197.6                    3.5
161.8                    2.8

2779.9                48.6

5716-4

Sources:     Wor.ld  Resources   Institute,   1992,   Table   16-1;   1996,
Table  8-1.
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Table  2

Total  Resource  Consumption  and  Waste  Generation  of  Key  Materials

U.S.A.          China           India         Indonesia      Brazil       Sun,   CIIB#

Comercial
energy              81. 75         29.68              9.34           2.66
G±gErGj             73.37         26.16               7.53            1.45

Aluminum            5. 41
Mt                          4-35

Copper`                 2. 67
Mt                         -?-J4

Crude                93. 33
Steel,  Mt    JO?.tis

Industrial      4. 88
cO2,   Gt               4.G7

Anthrop.         27. 0
CH4,   Mt             G7.a

CFC                       n-d.
Kt                   J30

1.32               0.48            n.d.
0.65              0.42           n.d.

0.75              n.d.            n.d.
0.51              n.d.            n.d.

71.04            20.30            n.d.
69.50           20.04           n.d.

2.67              0.77            0.19
2.39              0.65           0.14

47.0               33-0            10.0
40-0               36.0               6-5

n.d.              n.d.            n.d.
1241

3.80          45.48
3.45          38.59

n.d.
n-d.

n-d.
J2 - d-

n.d.
J2-d.

0-22            3.85
0-21            3-39

9-9            99.9
8.8            91.3

n-d-             n-d.
623

Sources:  World  Regour.ce  Institute,   1992,  Tables  21  and  24;   1996,  Tables
12  and  14.

Upper  entries,1995.     Lower  entries  (in  I.tajjcs),1990.     See  World
Resources  Institute,   1992,   1996  for.  slight  vaLriations  in  the  year.  of
data entry-

#  CIIB,  a\m  of  figures  for  China,   India,   Indonesia,  and  BraLzil

*  Sum  for  only  those  nations  having  data,  a8  shorn.
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Table  3

Per  Capita  Consumption  and  Waste  Generation  of  Key  Materials

U.S.A.           China

Commer`cial     310                    24
energ}r,  G3     294                   23

Aluminum            20. 5                  1.1
Y+e                             17.5                  o.57

Copper                 10.1                0.61
Kg                            8.6                0.45

Crude                355                  58. 2
Steel,   Kg       4JJ                  6.I.O

Industr`ial       18. 5               2. 2
cO2,  t                19.5               2.1

Anthr.op.          102. 5              38. 5
CH4,   Kg             148.5               35.1

CFC                        n.d.            n.d.
ng                          0.522           0.Oil

Sources:   see  Tables  1  and  2.

India        Indones ia      Brazil

10                  13.5                  23.5
8.8                 7.9                 22.9

0.51            n.d.
0-49            n.d.

n-d.             n-d.
n-d-             n-d-

21-7               n.d.
23-5               n-d-

0.82               0-96
0-76              0-76

35-3               50.6
42.2              35.3

n.d.            n.d.
0-005            0-005

26

n.d.
I, . a.

n.d.
n - c'.

n.d.
n.d-

1.36
1.40

61-2
58.5

n.d.
0.040



Table  4

Projected  Total  Resource  Consumption  and  Waste  Generation
for  China  (C),   India  (I),   Indonesia  (D)   and  Brazil   (8)

Formula:   f =   (Population  of  nation)/(4  x  population  of  U.S.A.)

U.S.A.     China       India  Indonesia    Brazil     CIDB  Sum,   Sum
Projected  I.ess
( D)                Actual

I for  1995
I for  1990

1.160        0.888        0.188          0.154
1.143       0.856       0.185          0.151

D1995

D199o#

Cormercial
energy
Giga-Gj

Aluninun
Mt

Copper
Mt-

Cmde
Steel'  Mt

Industrial
cO2.   Gt

Anthrop.
CH4,   Mt

CFC

81.75     94.8
73.37    83.8

5.41       6.28
4.35       4.97

2.67        3-10
2.14       2.45

93.33   108.24
102.35   116.95

4.88       5.66
4.87       5.57

27.0       31.4
37.a      42.3

n-d-       n-d.

72.6          15.3
62.8          13.6

4-81           1.02
3.72         0.80

2.38          0-50
1-83          0.40

82.92        17.51
87.59       18.92

4.34          0.91
4-17         0-90

24-0            5-07
31.7            6-8

n.d.            n.d-
ITt                      130          149            111              24

12.6             195.3             149.8        1.14
11.1             171.3             13z2.7

0.83             12.94             11.14     1.27
0.66            10.15              9.08

0.41               6.39               5.64     1.28
0.32              5.00              4.49

14.34          223.01          131.67     0.93
15.44         238.90          149.36

0.75             11.66               7.81     0.98
0.74            11.38              7.99

4.15            64.52         -35.38     7.22*
5.6             86.40         -4.90

n.d.            n.d.            n.d.         n.d.
20                304                281

* This  ratio  represents  a  lar.ger.  decrease.    The  negative  values  for  both
reference  dates  r`epre8ent  improvements.

#  This  ratio  does  not  depend  on in  as  long  as  the  sane  value  of a  is  used.

Sources:   See  Tables  1  and  2.
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