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ABSTRACT

The absolutist nature of the Endangered Species Act of
1973 encourages uneven enforcement, lengthy litigation, and
rent seeking in the public policy process. There are net
social benefits to be captured from a cooperative approach to
facility siting. The narrow utility functions involved in
unilateral facility siting attempts often ignore costs shifted
on to others from development. Inclusion of all affected
parties in facility planning can achieve siting of the right
projects in the right places at least social cost. The
institutional structure of an economy is deterministic with
respect to efficient policy outcomes. Political power plays
a gentral role in natural resource conflicts, frequently
affecting the role of science in policy debates. An analysis
of the Mt. Graham International Observatory facility siting
conflict illustrates these findings.



Chapter 1

INTRODUCTION

Later this year the 102nd Congress will wrestle with the
reauthorization of one of the most contentious laws regulating
economic activity in this country--the Endangered Species Act
of 1973 (ESA). Development interests have blamed this law for
blocking construction of the large~scale projects demanded by
modern society (e.g. the Bureau of Reclamation’s $580 million
Animas-La Plata water project in southern Colorado) as well as
threatening 1long-standing production activities of great
economic importance such as the logging of old-growth forests
and the electricity, flood control, recreation, and irrigation
services provided by the extensive series of dams in the
Pacific Northwest.

Examples of the escalating conflict between the ESA and
econonic development are abundant. The U.S. Fish and wildlife
Service (FWS), the primary federal agency charged with
administrating the act, estimates that 25% of the 639
currently listed endangered species involve potential
conflicts "with development projects or other economic
activity (FWS, p.13, 1990,)." This does not take into account
the nearly 4,000 candidate species whose formal listing is
imminent (Kohm, 1991). The pending endangered species listing

of the delta smelt, a small, 2-inch fish endemic to the
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Sacramento-San Joaquin River delta northeast of San Francisco,
threatens to restrict the delivery of irrigation and drinking
water from California’s primary water source to millions of
people at enormous public expense. The well-known case of the
Northern spotted owl jeopafdizes the jobs of tens of thousands
timber industry employees in California, Oregon, and
Washington as environmentalists use the strict provisions of
the act as the best means available to reduce timber cutting
and protect both the last stands of old-growth forest in the
Northwest and the endangered owls. The recent listing of the
Sockeye salmon in the Snake River of Idaho as an endangered
species has necessitated a massive, three-state, four-
university, cost-benefit analysis project just to determine
the socioeconomic impacts of designating the critical habitats
of several species of salmon and trout in the Columbia and
Snake Rivers. This preliminary étudy alone may take five
years to complete (Huppert, Fluharty, and Kenney, 1992).

In New York state the controversy over the ESA has raised
some unusual allegations over blatant manipulation of the act
to arrest development. There, construction of luxury homes in
thé exclusive East End of Long Island has recently been slowed
by the discovery of an endangered endemic salamander species.
Developers have accused current residents who want to maintain
their unobstructed views and the present housing density of

conspiring with environmentalists to physically move the
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endangered tiger salamanders from site to site in order to
halt construction. Cynics familiar with the case have
observed that there is a strong positive correlation between
building permit applications and salamander sightings. Later,
rumors surfaced that development opponents were obtaining non-
endangered tiger salamanders of a similar phenotype from mail-
order fish bait suppliers in the South, concealing them in
their pockets, and then planting the faux endangered
amphibians near new construction sites (Blumenthal, 1990).

Austin, Texas contains one of the highest known
concentrations of endangered species in a major metropolitan
area (Tilton and Johnston, 1990). Rapid development in the
scrub oak hills surrounding this city has destroyed important
wildlife habitat and replaced it Qith homes, golf courses,
roads, and shopping centers. The scale of the land conversion
now threatens two endangered migratory birds, the black~capped
vireo and the golden cheeked warbler, and five species of
cave~dwelling invertebrates. Developers and conservationists
were close to completing a compromise establishing the 60,000~
acre Balcones Canyon Habitat Conservation Plan when another
endangered species, the Barton Springs salamander, was
discovered in the area. This endangered amphibian may cause
the Barton Springs swimming area to close. This "natural"
swimming area on a scenic creek near the city center is one of

the most popular gathering spots during Austin’s long and hot
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summers. Suggestions that it may soon be off-limits“to all
uses and require the drastic reduction in upstream development
has torpedoed conservation plan negotiations, enraged
developers, and stunned environmentalists.

The ESA was enacted specifically to reduce the alarming
increase in species extinction due to human activities,
recognizing that our national heritage of native species "are
of esthetic, historical, recreational, and scientific value to
the nation and its people" (P.L. 93-205, 1973). It has been
credited with some major successes, including rescuihg such
species as the bald eagle, the brown pelican, the peregrine
falcon, the grizzly bear, the red wolf, and the American
alligator from the brink of extinction (GAO, 1989). Earlier
this year, the FWS’s $25 million condor recovery program
released two captive-bred California concdors, the first
condors to live in the wild since 1987.

However, these successes have not silenced the detractors
of the act. Critics of the ESA have characterized it as a
shield originally designed to protect endangered flbra and
fauna that has been transformed into a sword by radical
environmentalists to stop development and economic growth.
This is by no means a new argument. In the most controversial
ESA litigation to date, the Tennessee Valley Authority argued
in a 1977 hearing that the act "is being used by some not to

protect endangered species but to stop prOJects" (Brodkey,
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p. 398, 1977).

The mounting controversy over the ESA may best be
illustrated by the words of Interior Secretary Manuel Lujan
(the ESA charges the Secretary with enforcing the act) who
quipped, "Do we really have to save every subspecies"
(Lancaster, 1990)? Secretary Lujan has been a vocal critic of
the act, leading the charge for its substantial revision by
Congress. He has specifically attacked the provisions of the
law that require the protection of endangered subspecies,
listed species that occur in more than one location, and the
act’s omission of tradeoffs. HUD Secretary Jack Kemp has
joined in this chorus by declaring the ESA a significant
obstacle to the availability of affordable housing in the U.S.
(Noah, 1991). Former U.S. Attorney General Edwin Meese III
(Meese and Fein, 1990), the U.S. Chamber of Commerce
(Abramson, 1990), and various commodity groups (e.g. timber
and mining) have offered additicnal support for these calls to
rework the act in order to more fully consider the economic,
social, and political tradeoffs inherent in protecting
endangered species.

Ironically, Secretary Lujan has been joined in his
criticisms of the ESA by outspoken environmentalists who
maintain that the act takes a piecemeal approach to preserving
rare ecosystems, is not invoked until species are in critical

condition, is seriously underfunded, unevenly enforced, and
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frequently slighted by executive branch agencies and the
judiciary when challenged by powerful special interests.
These claims are supported by a GAO special report to Congress
(1989) on the ESA which found that the federal agencies
involved in implementing and enforcing the act are so
mismanaged that hundreds of species face a high probability of
extinction while waiting for agency action:

"It is obvious that the service’s mission

cannot be fully accomplished at present funding

levels... The service has diluted its overall

effort so that few species have received

sufficient attention to allow their full

recovery...{The FWS] has not effectively

implemented a domestic endangered species program

and we question whether accomplishment of the

program as it is presently structured and funded is

feasible...The estimate to recover all .

presently known endangered species could be as

high as $4.6 billion versus current annual

resources available for this task of $8.4 million

(ibid,)."
Several thousand species are currently awaiting formal listing
as endangered species, frequently receiving no protection in
the interim. At present funding levels,  clearing this
backlog--without considering any additional candidate
species~-would take over 30 vyears (ibid.). That this
controversial act comes up for reauthorization during an
election year, a prolonged economic recession, and escalating
environmental concern, is further evidence that it will be a

national policy debate of great acrimony.
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The Mt. Graham International_ Observatory
The facility siting conflict of the University of
Arizona‘s (UA) $200 million Mt. Graham International
Cbservatory (MGIO) is a unique case of the evolving public
policy debate concerning the ESA and project delay. Indeed,
in a press interview, Secretary Lujan declared that the MGIO )
is "the best example" of the quandary involving enforcement of
the strict provisions of the act and continued economic
development (Denver Post, May 11, 1990). This case features
a rare public battle between scientists in different
disciplines arguing the relative merits of maintaining
biodiversity and the integrity of crucial environmental laws
versus expanding the frontiers of astrophysical research. The
conflict received international attention as the UA’s
administration and renowned astronomers repeatedly sparred
with concerned ecologists and biologists over the mnost
appropriate use of the summit of Mt. Graham. The upper
elevations of this mountain are the home of the Mt. Graham red
squirrel (MGRS), now a protected subspecies under the ESA.
Mt. Graham is a 10,700~-foot "sky-island" located within
one of the five ranger districts of the Coronado National
Forest system in southern Arizona--so named because it is an
isolated massif surrounded by a "sea" of Sonoran and
Chihuahuan desert. One-~hundred miles away in Tucson, arguably

the finest group of astrophysicists in the world conduct
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extensive research on nearby (e.g., Kitt Peak and Mt. Hopkins)
and distant (e.g., Chile and Hawaii) instruments.

In the late 1970s, the UA’s Steward Observatory developed
a new technology that represented a tremendous
cost/performance breakthrough for casting telescope mirrors
(Smithsonian Institution, 1979). The potential of this
innovation was confirmed by the success of the Smithsonian’s
Multiple Mirror Telescope located on Mt. Hopkins south of
Tucson. The Steward Observatory now had the ability to
produce the next generation of astrophysical instruments,
strategically positioning the university’s astronomy program
as the leading supplier of advanced mirrors for the research
telescopes of the future. Moreover, this new technology
provided the organizational incentive to search for a world-
class site to showcase the most powerful optical telescopes
ever built. Mt. Graham was eventually identified as the‘
preferred site (Steward Observatory, 1987).

Steward Observatory’s innovation greatly diminished the
cost of major research telescopes, bringing proprietary
instruments within the reach of institutions that formerly
could not afford them. With this significant reduction in the
capital requirements for research-quality telescopes, the
derived demand for mountaintop sites that could meet the rigid
engineering criteria of astronomers shifted out; the capital

constraint was no longer the limiting factor and suitable land
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became a relatively more important input in the production of
astronomical services.

In 1982 the UA, in conjunction with the Smithsonian
Institution, began studying the summit of Mt. Graham for a
proposed astrophysical . facility of "major national
significance." Coincidentally, that same year the Arizona
Game and Fish Department (AGFD), under contract from the FWS,
began studying three endemic mammals on Mt. Graham for
potential listing as endangered species: the MGRS, the long-
tailed vole, and the Pinaleno pocket gopher.

With the congressional mandate of multiple use for
allocating activity on public 1lands ©providing the
institutional backdrop, the U.S. Forest Service (FS) was
facing an onslaught of competing interests that would be
difficult to balance. Given the biocentric ideals of deep
ecologists, the ongoing biological studies of the AGFD, the
stringent requirements of the ESA, and the UA’s desire for an
exclusive claim to the summit of this sky-island, a
confrontation over the use of this scarce resource was
inevitable,

In the earliest stages of the MGIO siting process, FS
planners decided to keep environmentalists and other local
interests out of the decision-making loop; the Steward
Observatory agreed with this strategy, deferring to the FS’s

expertise in public lands management. This exclusionary
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approach is unanimously identified in the facility sf;ting
literature as a serious procedural error. FWS Director Turner
concurs with the literature, writing that the resolution of
complicated conflicts involving the ESA requires cooperation
among all concerned parties in the public and private sectors
(Turner, 1990). Despite the availability of this body of
literature stressing the gains from cooperation and compromise
in siting controversial facilities, the MGIO planners pushed
ahead with their high-risk approach. With several affected
barties effectively excluded from the siting process, the
conflict eventually becamé so polarized that the only thing
the proponents and opponents 6f the project could agree upon
was that Mt. Graham is a very valuable resource whose final
adjudicated status should be strictly exclusionary to the
other group’s preferred use.

This thesis will discuss the role of world views in
natural resource conflicts, review the evolution of
institutional rules affecting wildlife, the relevant economic
literature on endangered species, the primary function of
values and beliefs in determining institutional structure, and
how institutional structure shapes allocations. Theoretical
concepts from the public choice, and institutional branches of
economics are used to analyze the pertinent environmental
issues surrounding the ESA and facility siting conflicts. The

MGIO case will be utilized throughout as the empirical
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example. A public policy framework utilizing social welfare
and utility functions under different institutional structures
will be developed for conceptualizing the conflict and
comparing alternative public policy outcomes. A chronological
analysis of the conflict will be presented in goods space
showing the influence of institutional structure on efficient
allocations. The influence of economic and political power
asymmetries o; natural resource conflicts will be briefly
discussed. Several implications from this case study will be
explored in the final chapter with direct relevance to the
ongoing debate concerning facility siting conflicts, the ESA,

and institutional decision making.
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Chapter 2

TOPICS IN ENDANGERED SPECIES

Conflicting World Views

Conflicts occur when people hold different perspectives
on how scarce natural resources should be allocated or used.
These conflicting perspectives are products of the world view
people use to orient their philosophy of natural resource use.
When a desired use implies that irreversible activities will
be undertaken with a public good resource (i.e. our global
endowment of flora and fauna), conflicts become more
contentious. Unfortunately, current production methods that
develop wildlife habitat generally feature irreversibilities.

The inherent conflict between economic development and
prohibiting human-caused extinctions is also rife with
uncertainty. Ecologists cannot "prove" jeopardy to a species
conclusively with biological evidence until it is too late;
the catastrophic event of species extinction is the only way
to prove the irreversible event that ecologists hope to
forewarn us of through their research. Biologists frequently
work with incomplete data collected over a short period,
trying to understand millions of years of evolution. They are
then called upon to make broad inferences on the probability
of a species being harmed by disruption of its habitat. This

begs the key duestion in the development/preservation



21
conflict: how risk averse should society be with irreversible
activities that are fraught with an enormous degree of
uncertainty?

The various answers to this question reveal the different
world views of the parties involved in a natural resource
conflict. Clearly, the MGIO disthe can be characterized as
a collision of such conflicting world views. Developers place
a high value on material well-being, supported by projections
of tangible, quantifiable market goods that will flow from a
proposed project. This is a utilitarian position where no
constraint is to be placed on the production and consumption
of goods as long as these activities do not reduce net
utility. Under this materialist-utilitarian world view, risk
aversion is secondary to current consumption of market goods.
With respect to nature, this world view is anthropocentric,
where species serve a strictly instrumental purpose as a
resource to fulfill the desires of mankind. Conservation and
stewardship~--concepts based on anthropocentric
environmentalism--are to be undertaken only so future
generations of humans might also be served by the planet’s
endownents of flora and fauna.

Environmentalists reject the overriding importance of
quantifiable market goods and embrace risk aversion,
emphasizing the vast unknowns of ecology, the integrity of

fragile ecosystems, and the non~pecuniary benefits they
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provide. Many environmentalists maintain an anthropocentric
world view, but differ from their short-run anthropocentric
cousins by using a 1longer planning horizon to promote
responsible use of natural resources that utilizes flows but
preserves stocks. Other environmentalists (e.g. "deep
ecologists") take a biocentric position where the integrity of
ecosystems are to be mainﬁéined whether they provide service
to mankind or not; ecosystems are to be preserved based on
their own merit, regardless of the inconvenience to mankind.
While these two groups of environmentalists share very similar
goals, their Jjustification, or world views, are quite
different.

The biocentric world view expands the relevant community
of inclusion of anthropocentrism from humans to all species of
flora and fauna. With this view, humans may not arbitrarily
endanger.the existence of species for convenience, financial
gain, or anthropocentric aggrandizement; nature has existence
rights that are of equal ethical standing to those of mankind.
Deep ecologists emphasize that these moral obligations of
humans to other species are rational once all flora and fauna
are included in the domain of ethical consideration. The
biocentric world view is represented by Buddhism and Native
American religions that hold all living things as sacred.
Interestingly, individuals and cultures of this world view

have been dominated, imprisoned, and decimated by more
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aggressive cultures holding the governing materialist, short-»
run anthropocentric world view.

The MGIO case features other conflicting world views in
addition to the developer/environmentalist and
anthropocentric/biocentric clashes. The "pure" scientific
method of astrophysicists conflicts with the inherent
uncertainty of biology and ecology. It is not so simple for
ecologists to conduct the controlled, easily-replicated
experiments of physicists. Physicists are prone to thinking
their discipline is the purest science while relegating other
disciplines to lesser degrees of scientific endeavor. But
physicists are not the only group that subscribe to this
belief. When Congress overruled the concerns of biologists
and deep ecologists battling with university astrophysicists
by passing legislation exempting the MGIO from environmental
laws, it was apparent that social scientists are not the only
body that suffers from what Norgaard (1985) calls "physics
envy."

Natural resource economics features conflicting world
views as well. The atomistic-mechanistic (ibid.) view of
neoclassical economics, where initial endowments are
implicitly assumed as optimally distributed and institutions
as fixed, is at odds with the institutional world view where
alternative institutional structures, interdependencies, and

power are emphasized in the allocation of goods and services.
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The anthropocentric world view has been promoted by
‘scientists from the beginning. DesCartes taught that the role
of science was "to make us masters and possessors of nature"
(sagan, p.25, 1992). Bacon urged us to bend nature into "the
service of man" and to exercise our "“right over Nature"
(ibid.). However, recent evidence has shown that our
technology, combined with poverty, a rapidly-expanding human
population, and the short-run, materialistic anthropocentrism
of individual-oriented instant gratification may put all
species at risk.

Carl Sagan, an astronomer who has publicly endorsed the
MGIO, offers an interesting spin on these conflicting world
views. He claims we must reengineer our productive activities
to mitigate waste flows, stock depletion, and environmental
impacts in order to avert a common danger. Sagan recommends
a paradigm shift where short-run "“anthropocentrism" is
replaced as the dominant world view. This view has served
well in the past but is now out of date and counterproductive
to our present utilitarian goals. This shift can best be
accomplished by a rather ironical twist where the world view
of the conquering biological and cultural imperialists yields
to the repudiated view of the conquered in order to serve the
best interests of both groups.

To this end, Sagan suggests that biocentrism should be

adopted as the prevailing world view. Biocentrism, by
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protecting our endowment of flora and fauna, will preserve the
rapidly decaying biological integrity of Earth and therefore
serve the goals of a long-run oriented, enlightened
anthropocentrisnu Despite the apparent conflict between these
different world views, adopting biocentrism is the best way to
achieve long~run anthropocentrism. Indeed, long-run, social
anthropocentrism is completely compatible with biocentrism, as
a rights-based protection of nature will serve to increase
human utility rather than diminish it as materialist, short-

run anthropocentrics clain.

Biodiversity

Many scientists believe Earth is now experiencing the
greatest known rate of species extinction in geologic time
(Myers, 1979). As many as 50 plant species are believed to be
disappearing each day leading scientists to estimate that by
the year 2010, Earth’s biodiversity may be reduced by 10
percent (World Resources Institute, 1992). Peter Hoch of the
Missouri Botanical Gardens has calculated a "rough but
defensible approximation" that within the next five to ten
years, 4,000 species may become extinct in the U.S. alone
(Mann and Plummer, 1992). The President’s Council on
Environmental Quality recently highlighted this concern in
their annual report of 1990:

"In the nearly 500 years since Columbus sailed to
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the New World, approximately 500 plant and animal

species are known to have become extinct in the

United States...A recent 50-state inventory

suggests that 9,000 U.S. plant and animal species

may be currently at risk. The problem is national

in scope ...[and more] than species are being lost.

Whole plant and animal communities--integrated and

resilient systems--are being threatened (1989).

This current rate of species loss is believed to be greater
than the mass extinctions at the end of the Cretaceous era
which included the extinction of the dinosaurs (Myers, 1979).
Of course, the mass extinctions of the Cretaceous period 65
million years ago were the product of immense geological
upheaval and climatic change; they were not caused by the
discretionary activities of man. With humans rapidly
converting wildlife habitat into housing and crop production
to support an exploding world population, some experts predict
that this unprecedented extinction rate will continue to
accelerate over time without concerted intervention (World
Resources Institute, 1992).

The fossil record shows that thousands of species have
become extinct as the evolutionary processes of competition
and adaptation have interacted with physical changes on Earth
to determine our present endowment of surviving species.
Scientists generally agree that 90% of all the species that
have ever lived on the planet are now extinct (Myers, 1979;

Erlich and Erlich, 1981). However, there is an important

evolutionary distinction in species that have evolved into
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extinction and those that have been hunted into oblivion. In
"natural™ extinctions the genetic progeny of the species
continue to evolve into distinct 1life forms, e.g., homo
sapiens evolving from homo erectus. But human-~caused
extinctions offer no such genetic contributions to the future.
Had homo erectus been hunted into extinction, its genetic
offspring--man--would not exist today (Judge, 1987); such is
the genetic loss of "forced" extinctions that are caused by
human activity. Therefore, when a species is endangered, we
must ask if its permanent elimination from the evolutionary
process is worth the gains from consuming its habitat or
carcass. This thesis focuses exclusively on endangered
species that are in Jjeopardy of extinction due to the

discretionary activity of humans.

Biodiversity and Humans

The endangerment of ecosystems hardly began with dawn of
the industrial revolution, the invention of the internal
combustion engine, and the advent of man’s chemical arsenal;
the process began centuries earlier once homo sapiens acquired
the technological momentum to make wholesale changes to the
environment for their own benefit. The manipulation of fire,
tool making, and the development of irrigation and agriculture
allowed man to exploit the environment and rise to ecological

dominance. This position of dominance has been established
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for so many generations that mankind is routinely perceived by
its members as an entity that is separate, distinct, and above
all other biological organisms, enjoying near-total control of
nature.

Human activity generally endangers -species in four ways:
the modification of c¢ritical habitat, consumptive uses
(hunting and fishing), the introduction of exotic species from
which indigenous species have little or no defense, and the
effects of pollution. Of these, habitat modification is by
far the greatest threat to endangered species (Myers, 1979).

The rapid destruction of natural habitats in the tropical
forests has been well publicized in developed countries as a
threat to the ecological balance of Earth. The ecosystems of
these equatorial rainforests are host to the largest
concentration of endemic species on the planet, but they also
feature rapidly growing human populations where the vast
majority live in poverty. British scientist Norman Myers
illustrates the point. "There are an estimated 500 million
landless peasants in the world who have no alternative" but to
destroy these ecosystems in their desperate struggle for day-
to-day survival. The implications of this destruction are
formidable. "Rain forests cover only 6 percent of the globe--
about the area of the United States--but they are habitat for
50 percent to 80 percent of the world’s plant and animal

species" (Bagwell, 1992). As these tropical forests are
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destroyed; their endowments of unigque flora and fauna
disappear forever. Despite the potential service flows from
genetic resources to present and future generations,
nonsustainable extraction prevails. This pattern is fueled by
dire economic conditions which force restricted consideration
of only the most immediate costs and benefits. These methods
of exploitation in the rain forest foreclose upon alternative
sustainable opportunities as hardwood logging, cattle
ranching, slash and burn farming, illegal drug production, and
mining ruin the delicate ecosystems where they take place.

It is easy to understand thé benefits of preserving
species whose value is apparent. Buf why should society
concern itself with using public resources to maintain
biodiversity by halting the eradication of species without
current commercial value? Is this a legitimate human concern?
-Some dismiss the arguments elucidating the economic benefits
of maintaining biodiversity as abstract and sentimental hand
waving. Myers offers that "[i]t is difficult to imagine a
problem more profound in its implications, while less
appreciated by the public at large" (p. x, 1979). Scholars
from various fields advance several arguments in support of
conserving our global genetic resources. The first arguments
use an anthropocentric, utilitarian framework familiar to
econonmists.

Evidence from the field of biotechnology--a science which
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is still in its infancy--is increasingly supporting claims of
the tremendous wealth that lays waiting to be tapped in the
unique genetic resources of flora and fauna. As one of the
most dynamic sectors in the U.S. economy, biotechnology is
dependant on the diversity of genetic stock as the basic
building blocks of future products. These products generally
have high value to consumers and generate large profits to
their producers. Tﬁis biological wealth has direct commercial
value. The West African rosy periwinkle is the source of a
drug that now offers children afflicted with Hodgkin’s disease
or leukemia an 80 percent chance of survival (World Resources
Institute, 1992). One-fourth of the medicines currently in
the U.S. pharmacopeia have active ingredients that are
extracted from plants (ibid.). The traditional medicines of
Amazonia utilize 2,000 plant species while the highly-
developed herbal medicine of China uses 5,100 different plant
species (ibid.). The drug giants Merck and Eli Lilly are now
aggressively researching compounds from obscure tropical
plants as future profit centers. The National Cancer
Institute began a major effort in 1986 to screen tropical and
ocean plants for potential cancer and AIDS drugs (Riggle,
1992). These examples illustrate the fact that despite the
embryonic stage of biotechnology, the commercial benefits of
protecting our global genetic endowment are becoming quite

clear.
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In addition to supplying a significant portion of our
medicines, plants and animals obviocusly serve as the source
for almost all foods. The manipulation of a wide base of
genetic material to create the green revolution grain
varieties has added $1' billion per year in U.S. agricultural
output (World Resources Institute, 1992) These highly-
engineered varieties have greatly increased the productive
capacity of developing countries as well in their efforts to
reduce poverty and hunger. With unknown species providing
such hidden promise, the extinction of an obscure slime mold
may mean that a future drug with the potential impact of
penicillin is lost forever. These few cases only hint at the
genetic resources that may exist in the vast repository of

unknown and untested species.

Econonmics of Biodiversity

Several economists have argued the merits of reducing the
current rate of habitat conversion because this transformation
is an irreversible activity. With little knowledge about
future tastes and preferences, it is impossible to know the
socially optimal amount of biodiversity desired in future
periods. The more advanced technology of tomorrow implies
that resources which have no current commercial uses may
someday be highly valued. And, as populatioﬁ, urbanization,

leisure time, pollution, and incomes increase, wilderness
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areas are likely to increase in value. Essentially, what is
socially efficient in a static allocation considering only the
current period may not be efficient when viewed from any other
period in a dynamic framework. Because habitat conversion and
species extinction are irreversible activities, a risk-averse
society faced with the uncertainty of the future benefits of
maintaining biodiversity would properly discount the value of
the benefit stream of any project involving such events. This
would result in less projects meeting the scrutiny of cost-
benefit analysis. With the resulting fewer losses of
endangered species’ critical habitat, extinction would be
reduced as well (Arrow and Fisher, 1974; Fisher and Krutilla,
1974; Bishop, 1978; Miller, 1984).

Fisher and Krutilla suggest that maintaining
biodiversity, because it allows society an expanded choice
set, implies a higher level of social welfare. Comparing the
desirability of diversity in human communities to biological
diversity they write:

"The extinction of these reduces the cultural

diversity in society in the same way as the loss of

a species reduces the biological diversity, and

while the two may have different implications for

system stability (cultural or ecological
homeostasis) they both represent reduction in the
options available, and thus illustrate a central
postulate of welfare economics, i.e., that an

expansion of choice represents a welfare gain;
reduction of options a welfare loss (p. 99, 1974)."

Others have suggested a decision rule for allocating
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resources so as to minimize future regrets (Rawls, 1971).
Since regrets are most 1likely to be associated with
irreversibilities, this decision rule offers additional
support for the caution suggested in the preceding paragraph.
Considering the prognostications of Harvard biologist E.O.
Wilson quoted in Erlich and Erlich (1981), a regret-minimizing
decision rule implies that a serious effort to maintain
biodiversity is in order:

"The worst thing that can happen (to mankind)...is

not energy depletion, economic collapse, limited

nuclear war, or conquest by a totalitarian

government. As terrible as the catastrophes would

be for us, they can be repaired in a few

generations. The one process ongoing in the 1980'’s

that will take millions of years to correct is the

loss of genetic and species diversity by the

destruction of natural habitats. This is the folly

our descendants are least likely to forgive us

for."

In addition to this intergenerational emotive plea,
Wilson emphasizes the unique informational content of species
as a conservation rationale. Information, when properly
stored, is one of the most enduring of all products. Unlike
buildings, bridges, or military hardware, it does not decay
but lays the foundation for the further expansion of
knowledge. The work of Plato, Shakespeare, and Einstein
continues to be productive in a way that other investments of

their day cannot. Wilson has calculated that the genetic

information contained in the DNA of an ordinary field mouse
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would £ill the fifteen volumes of the Encyclopedia Britannica
printed since 1768 (Mann and Plummer, 1992). From this
viewpoint, each species extinction represents a tremendous
loss of information in the form of genetic capital which

likely can never be recovered.

Interdependencies

Ecologists emphasize the dense web of interdependencies
that exist among organisms in ecosystems as a rationalization
for maintaining biodiversity; it is simply not possible to
know the effects of removing one species through extinction on
the health of the whole ecosystem. Ecosystems provide such
essential services as the recycling of nutrients, the
processing of waste products, provision of food, conversion of
solar energy, purification of water, and maintaining the
productivity of soils. Healthy, functioning ecosystems are
not a luxury but an essential good; without these functioning
ecosystems that support 1life, economic activity cannot take
place. The biological integrity of ecosystems is therefore a
necessary condition for economic activity and rightly the
concern of economists.

Interdependencies are an inherent feature of biological
communities, human societies, and economic systems. Human
interactions are rife with interdependencies although many of

them are often overlooked by individuals. 1In ecology, these
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interdependencies are explicitly recognized as a central tenet
of the discipline. Unfortunately, they are frequently treated
in economics as special cases--exceptions to the rule of well-
functioning markets composed of atomistic producers and
consumers.

Consider the interdependencies inherent in driving a
personal automobile. The driver of a car returning home late
at night is mistaken if he believes that his successful return
is dependant solely on the competence of his driving skills,
his sobriety, and the condition of his automobile. While
these are important factors, his safe return is complicated by
numerous interdependencies such as the driving skill,
sobriety, vehicle condition and alertness of every other
driver on the highway; road conditions; weather; meteorites;
debris; stray bullets; wildlife and wandering livestock. Any
one of these variables not chosen by the driver can end the
safe Jjourney home.

An examination of the routine activities of modern
economies in a similar vein reveals an extremely complex,
dense net of interdependencies among all organisms. That they
are frequently ignored by people wed to supporting a
consistent fiction of the atomistic nature of social and
economic function does not mean they do not exist. Economies
composed of humans contain the sane densé layers of

interdependencies that ecologists recognize in other systems
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composed of biological entities. Careful empirical
examination reveals these interdependencies are more the rule
than the exception in economic activity.

The interdependencies among organisms in ecosystems are
far more complex than the preceding simple example.
Ecologists have yet to understand the extent of
interdependencies in ecosystems in more than an abstract,
conceptual fashion. But they have found that ecological
stability is affected by biodiversity; ecology textbooks now
emphasize that the stability of an ecosystem is directly
related to the diveérsity of existing native species (Judge,
1987). Polycultures--systems consisting of diverse species
--are far more ecologically stable than monocultures. The
monocropping patterns of modern agriculture utilize seeds of
similar genotype that makes crops highly susceptible to
insects, disease, and weather variability. For example, a
single strain of bacteria can wipe out thousands of acres of
hybridized corn. The great diversity of species in areas
undisturbed by man are much less vulnerable to such wholesale
ecological collapse.

Extinction of one species in an ecosystem frequently
causes several others to become endangered as well because
biological activities crucial to the survival of other species
are no longer being performed by the once extant creatures.

As this occurs, a snowball effect may send an entire ecosystem
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cascading towards collapse. In this deteriorated condition,
an ecosystem can no longer perform its essential life-support
functions. This scenario is illustrated by the chain of
events launched by the widespread application of DDT on the
island of Borneo. The pesticide was sprayed to kill malaria-
carrying mosquitos that threatened the human population. The
DDT killed the mosquitos and many other insects. Geckos
gorged on the dead insects and died from the pesticide
residues. The island’s housecats in turn consumed the
contaminated dead lizards, soon meeting the same fate. The
housecats were virtually extirpated, and the island’s rat
population skyrocketed®. With no predators to control the
rats, bubonic plague soon reached epidemic levels on the
island. The chemical removal of insects had worked its way
through the food chain, eventually causing the outbreak of a
deadly disease in the attempt to control another. The
government finally brought the rat population under control by
parachuting cats from airplanes into all areas of the island

(Miller, 1975).

A Rights-Based Approach to Biodiversity

The above arguments are utilitarian, anthropocentric

perspectives that support protecting endangered species. But

1. Extirpation is the local--as opposed to complete--
extinction of a species.
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the Erlichs and others at the forefront of maintaining
biodiversity assert that the "foremost argument for the
preservation of all nonhuman species" is ethical in nature;
it is the belief that all species "have a right to exist"
(Erlich and Erlich, 1981). Many ecologists and biologists
refuse to value flora and fauna in a hierarchical fashion,
much as anthropologists refrain from categorizing cultures
with nuclear technology as "higher" and those whose technology
consists of primarily of sticks and stones as "lower." While
organisms are classified taxonomically according to their
biological sophistication, biologists are hesitant to
characterize invertebrates as "less  important" than
vertebrates.

Ethicists see the growing acceptance of biocentrism as
part of an evolutionary social process, driving the extension
of rights and the widening circle of ethics into new areas of
moral consideration (Nash, 1989). It is a transformation
where the old, dominant beliefs of the past are slowly
replaced with a new, expanded value system, which is better
suited to current conditions and offers real gains to society
through the adoption of a broader social utility function.

Anthropocentrism is an inherent feature of the Judeo-
Christian beliefs that have long prevailed in the U.S. These
beliefs in the superiority and righteousness of the dominant

culture facilitated the rapid conquest and settlement of the
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American frontier while stimulating the economic development
of the country.

Biocentric beliefs are playing a key role in redesigning
our productive activities of the future in order to reduce
their adverse impacts on endangered species. ‘It is no
coincidence that many environmentalists have embraced the
biocentric perspective of Native Americans as a means to
address our many environmental ills. Biocentric
environmentalism provides an ethical base for human decision
making where human-caused extinctions are immoral (Castle,
1991). This ethical basis for saving species spares
economists from making the impossible decisions on which
species to preserve given very poor information (Harrington,
1981). The ethical implications of biocentric species
protection are a modern-day version of Noah’s ark with a
different world view guiding the process. That the ethical
argument for preserving biodiversity flirts with religion and
belief systems has not gone unnoticed. Several law
professors have observed that their students’ most common
first impression of the ESA is that its narrow focus, broad
implications, lofty goals, and absence of tradeoffs gives it
distinct religious overtones (Kohm, 1991).

But the growing acceptance of a biocentric perspective to
protect species from extinction is by no means restricted to

fringe environmentalists, philosophers, practitioners of
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Eastern religions, or enthusiasts of American Indian culture.
Rejecting anthropocentrism and its paternalistic conservation
component -~ "stewardship," outspoken biologist, geologist,
and historian of science Stephan Jay Gould barks:

"Such views, however well intentioned, are rooted

in the o0ld sin of pride and exaggerated self-

importance. We are one among millions of species,

stewards of nothing. By what argument could we,
arising Jjust a geological microsecond ago, become
responsible for the affairs of a world 4.5. billion
years old, teeming with l1ife that has been evolving

and diversifying for at least three~quarters of

that immense span? Nature does not exist for us,

had no idea we were coming, and doesn’t give a damn

about us (p. 28, 1990)."%

The biocentric philosophers argue that there are real
gains to be realized by humans from shedding our
anthropocentric heritage in favor of a biocentric view where
all species have intrinsic worth independent of the whims of
man. The gains from this transformation of perspective will
come just as they did when slaves were finally recognized as
rights—-deserving citizens and women as equals in the voting
booth and the workplace. Nash quips that biocentric
philosophers remain in the outer fringe of the discipline once
occupied by slavery abolitionists only one hundred and fifty
years ago (1989). The ESA may well signal a turning point in
the conflicting world views of anthropocentrism and

biocentrism. As such, it represents an eloquent transition

between these two beliefs systems by using explicit
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anthropocentric justification to promote the biocentric ideal
of existence rights for all extant species and their critical

habitats.

Biological and Economic Systems

Norgaard (1985) has noticed the many similarities between
biological and economic systems. He finds the dominant
atomistic~mechanistic world view in economics out of touch
with the nature of the basic biological foundation on which
all economic activity is based. Norgaard suggests that the
future of economics lies in shifting from the prevailing
atomistic-mechanistic viewpoint to a perspective that
integrates the holistic approaches of evolutionary biology and
ecology into the body of received theory. This is not another
offshoot of the rising environmental awareness that blossomed
in the 70s; he points out that Alfred Marshall was aware of
this "six decades ago":

"The Mecca of the economist lies in economic

biology rather than in economic dynamics. But

biological conceptions are more complex than those

of mechanics; a volume on Foundations must

therefore give a relatively 1large place to

mechanical analogies" (from the Preface to the

eighth edition of ’‘Principles,’ 1961).

Populations of species fluctuate over time depending on
the quality of their supporting habitat, the "harvest" or loss

of individuals, and the ability of the breeding members to

successfully reproduce. Habitat is plainly an essential good;
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if the availability of suitable habitat is zero, the "output"
of a species dependent on that critical habitat will
eventually fall to zero with extinction the end result.

The crucial nature of habitat should be readily grasped
by economists. Organisms thrive in habitats that are
supportive to their primary activities; they stagnate or
expire in others. When these habitats change, the organisms
either adapt, migrate to more desirable habitat, or perish.
In economic systems, the biological concept of habitat is
analogous to the prevailing economic conditions. This
structure must facilitate financing, innovation, production,
transpbrtation, marketing, trade, and cooperation for a
desirable level of economic activity to occur. .Some obvious
macro parameters of economic habitat are inflation, the
interest rate, employment, and taxes. Habitat factors
evaluated by individual workers such as office space,
geographical location, leisure tine, job status,
responsibility, advancement potential, decision-making input,
and worker autonomy are not so obvious.

A desirable structure is what causes one to remain in a
certain well-defined habitat (e.g. academe, industry,
government, military, farming); to adapt to habitat changes
(e.g. a new boss, owner, competing co-worker, department head,
neighbor, commanding officer, USDA program); or to migrate in

order to find a more supportive work environment, salary,
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community, school district, health care program, climate, etc.
Why do captive dolphins have a life span that is one-third of
their open-ocean life span? Poor biological habitat. Why
can’t some Third World countries attract foreign investment
and develop a highly-skilled workforce? Poor economic
habitat.

The financial centers of Hong Kong, Panama City, and
Switzerland attract deposits because their particular
institutional structure, or habitat, is conducive to the
inflow of vast amounts of capital; money floods in to these
financial centers just as birds from all over the world flock
to northern Alaska in search of the best summer habitat in
which to 1lay their precious eggs. Hong Kong attracts
investment to the rapidly expanding economies of the Pacific
Rim. Panama City is a quality environment for processing the
circular flow of international drug money between North and
South America. And Switzerland provides the ideal habitat for
anyone seeking absolute financial privacy to safely store
their cache of seeds and nuts during the uncertain winter.
Likewise, it is favorable habitat which encourages U.S.
businesses to incorporate in Delaware, locate their credit
card centers in South Dakota, register their ocean-going
vessels in Panama or Liberia, and conduct their questionable
banking activities in the Cayman Islands. Individuals

recognize Texas’ favorable habitat as their "tax home" just as
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quality astronomers are drawn to the world-class habitat of
Southern Arizona to conduct astrophysical research. As
biological organisms with keen sensory perception, humans are
very perceptive of subtle changes in their habitat.

It is not too much of a stretch to see that just as the
qualitative nature of an ecosystem--its habitat--determines
the level of biological activity, the qualitativé nature of
the institutional structure of a Jjurisdiction determines the
nature of economic activity. However, few species share the
adaptive flexibility and geographical mobility of humans in
searching out more supportive habitats. For these reasons,
endangered species are dependent on a large level of positive
human investment to protect critical habitats and assure their

continued existence.

Biblogy and Endangered Species

Many endangered species are in a precarious position
before any adverse impacts by humans because their natural
range is restricted or their current population is small. At
very low population numbers, the scarcity of genetic diversity
leads to inbreeding which eventually weakens the genetic
stock. This adds additional peril to the species by
decreasing their ability to adapt to changing conditions.
When a species population reaches such a critical condition,

their continued existence depends on public investment in
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wildlife agencies to protect and restore habitat, instigate
captive breeding programs, and monitor the status of the
population as mandated by the ESA. The ESA does not place an
upper limit on the cost of these measures.

Species are ultimately dependant on successful breeding
for their continued survival. This reproductive success
depends on a wide variety of biological parameters which
determine the individual species’ minimum viable population,
X, (Figure 1). If this critical level is ever reached, the
species is not achieving a positive net growth rate and is
teetering precariously on the very edge of extinction:; just
below the minimum viable population level, net population
growth is negative. If an endangered population falls to this
level, the species 1is freefalling irreversibly towards
extinction.

The maximum sustainable population, X, is determined by
habitat guality and the species’ reaction to crowding. This
upper limit is XkXnown as the carrying capacity of the
ecosysten. Population levels greater than the carrying
capacity imply a negative net growth rate. At this population
level disease, food shortages, and stress from overcrowding
reduce reproductive success until the population is once again
within the upper and lower bounds, X, and X,, where the net
growth rate returns to a positive level.

In this model, net population growth rate is a dependent
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variable, a function of the independent variable stock size,
and constrained by the carrying capacity of the habitat. This
population growth rate function can be thought of as the
production function of a species. Of course, each population
and species will have a unique growth rate curve as a function
of its stock size in a given habitat. In this simple model X,
is greater than zero. At small population levels greater than
X,, the surplus of available resources encourages successful
reproduction which results in a high growth rate. This growth
rate reaches its maximum at X,, the maximum sustainable yield.
If breeding success continues from this population level, the
larger stock size will slow net growth due to crowded
conditions until it reaches zero at the carrying capacity.

This model illustrates two basic threats to the continued
existence of a species: the stock size can decrease by any
number of means (hunting, disease, predation, pollution) and
approach the minimum viable population 1level or critical
habitat can be can degraded to such an extent that the
carrying capacity is forced down until it converges on the
minimum viable population size. It is not unusual for these
two events to occur in tandem such as the draining of much of
Florida’s wetlands combining with poaching to endanger the
American alligator. These two activities simultaneously move
the population closer to X, while shifting X, to the left,

restricting the area of positive net population growth for the
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species.

This model can also be used to show that a species with
a very high minimum viable population level located close to
the carrying capacity of its environment is relatively
vulnerable to endangerment from human activity (Panel B).
Conversely, a species with a very 1low minimum viable
population requirement and a habitat with a high carrying
capacity for that organism is much less likely to become so
endangered (Panel C).

Observing these relationships illuminates several
conservation/recovery strategies. If the species is
endangered primarily because its population is approaching the
minimum viable population level, extractive uses such as
hunting should be banned.

But hunting is not the only culprit where species are
approaching their minimum viable population. Pollutants can
also reduce a species’ numbers to a dangerous level. DDT was
banned in large part because of the dramatic evidence of its
effects on the reproductive success of birds.

Diseases can also rapidly drop a species’ growth rate to
the danger level. A mysterious upper-respiratory disease has
recently devastated the California and Nevada populations of
the desert tortoise in the Mohave desert. The persistence of
this illness has required the ESA listing of the tortoise in

these two areas as the species tumbles towards the minimum
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viable population. The absence of this epidemic in the
Sonoran desert tortoise populations of Arizona has kept these
reptiles from being listed under the act.

Unfortunately, the minimum viable population level of a
species is usually not known until it is too late. The extant
populatigns of the black-footed ferret, California condor, and
the whooping crane have all declined to population levels in
the teens without becoming extinct before recovering to higher
numbers. Nonetheless, these species are still considered to
be extremely close to extinction and require considerable
public investment in intensive wildlife management practices.
This is one of the paradoxes of endangered species management:
it is simply not possible to know with any degree of certainty
the exact minimum viable population of a species without
excellent data documenting that species’ own extinction. This
uncertainty surrounding the minimum viable population level of
each endangered species also suggests another application for
the work of Arrow and Fisher and others in their call for
conservative policy where potential irreversibilities are
involved. More information in this critical area would
undoubtedly assist the underfunded FWS in refining their
triage system for allocating endangered species management
resources.

For example, some biologists have suggested that the MGRS

is perilously close to this lower critical boundary; others
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have disagreed. Congressional hearings on the controversial
Biological Opinion issued by the FWS showcased the uncertainty
and importance of this figure as biologists were repeatedly
asked to state under oath its exact value. The proponents of
the project were able to exploit this uncertainty to head off
congressional intervention in the legislation which allowed
the construction of the MGIO.

Since the MGIO conflict instigated the careful biological
monitoring of the MGRS, FS population estimates have
fluctuated from a low of 99 in April, 1987 to just of over 400
in October, 1991* (Rhodes and Wilson, 1991). In public
presentations, UA astronomers have remarked that the increase
in MGRS population estimates is positively correlated to the
intensity of construction activity on Mt. Graham and offers
evidence that the observatory complex will be beneficial to
the species. Biologists have been quick to point out that the
MGRS population fluctuates widely depending on the quality of
its main food~-~spruce cones-- which is determined primarily by
the weather patterns of the last year. Furthermore, very
little is known about the population dynamics of the MGRS.

While the exact minimum viable population of the MGRS is

2. Spring and Fall MGRS census counts are not directly
comparable. Fall counts are taken when the population is
at its peak after new squirrels have been born in the
spring. Spring counts are taken at the lowest population
level after the winter kill has eliminated the most
susceptible squirrels.



51
unknown, it is clear that a large project sited in a unique
ecosystem containing endemic species with a small, specialized
habitat can immediately endanger a species by reducing the
habitat carrying capacity and/or lowering the species
population level. This scenario aptly describes the most
infamous ESA case--the snail darter--where the Tellico dam in
Tennessee was thought to jeopardize the entire habitat of the
only extant population of this small fish. The large
project/endemic species/small habitat problem is common with
water projects that inundate large?areas and greatly alter
water flow, temperature, dissolved oxygen content, stream bed
characteristics and other habitat parameters. Similar
problems are currently delaying the Animas~La Plata water
project in southern Colorado where the FWS has ruled in their
Biological Opinion that the project design poses jeopardy for
the endangered squawfish.

The large project/endemic species/small habitat problem
accurately characterizes the MGIO conflict as well. Despite
years of extraction by hunters, logging, fires, disease, and
other impacts, the MGRS did not officially become an
endangered species until an astrophysical observatory was
sited in the middle of its very limited critical habitat on
the summit of Mt. Graham. Unfortunately for all the parties
involved in this dispute, the only MGRS habitat in the world

also provides the best ground-based astronomy site in the
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continental United States (Steward Observatory, 1987).

A Brief History of Wildlife Protection Legislation

In the 1880s, prolific wildlife poacher Ed Howell entered
the newly-created Yellowstone National Park and opened fire on
a herd of grazing buffalo. A few decades earlier, the U.S.
Supreme Court had ruled in the 1842 case of Martin v. Wadell
that states now held the right to regulate wildlife formerly
the exclusive domain of the King and Parliament (Ernst, 1991).
This ruling was the genesis of state control over wildlife in
the U.S. (Bean, 1983). With an atmosphere of confusion
surrounding this recent federal intervention into wildlife
regulations, it was not clear if Howell was braking any laws.

While these issues were being sorted out, Howell
personally killed one~fourth of the remaining 300 buffalo in
existence (Kohm,1991). In 1884 Howell was finally arrested in
the park while in possession of five fresh buffalo carcasses.
Graphic photos of Howell defiantly posing with the dead
buffalo, as well as his unrepentant braggadocio to
journalists, outraged the nation. Congress responded by
passing the Yellowstone Park Protection Act of 1894,
effectively outlawing hunting in the park. This law began the
transfer of control over wildlife resources from states to the
federal government (Ernst, 1991).

By the late 1800s, wide-scale poaching with the quick
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transfer of the take across state lines was undermining the
efforts of states to enforce wildlife laws. To address this
problem, Congress passed the Lacey Act of 1900 which banned
interstate commerce in game birds taken in violation of state
and federal laws. This act vested the Secretary of
Agriculture with the authority to pursue the "preservation,
distribution, introduction, and restoration of game birds and
other wild birds." The Lacey Act was the federal government’s
first statute addressing specific species as a national
concern (Kohm, 1991).

Legislation soon followed which broadened federal
wildlife protection. Laws in 1906 and 1913 regulated the take
of birds on federal lands and breeding grounds. The Migratory
Bird Treaty Act of 1918 placed all migratory birds under
federal control (ibid). The Black Bass Act of 1926, the
Migratory Bird Preservation Act of 1929, and the Bald Eagle
Protection Act of 1940 were early laws covering individual
species which signaled the emergence of the ideas that would
eventually evolve into the ESa (Brodkey, 1977).

The importance of conserving habitat was first recognized
in the 1903 law creating the Pelican Island National Wildlife
Refuge. In 1934, legislation was passed to fund refuge
acquisition and to require the consideration of the effects of
federal agency actions on wildlife resources. As game

populations began to noticeably decline from their historical
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numbers, hunters and conservationists began to express their
concerns to Congress. The government responded by forming
the Committee on Rare and Endangered Species in the Interior
Department in 1964. The nine biologists comprising this
committee published the "Redbook," the first compilation of
endangered species which listed 63 vertebrates threatened with
extinction (Kohm, 1991).

In 1966, Interior Secretary Stewart Udall hailed the
passage of the Endangered Species Preservation Act, forerunner
of the current ESA. This symbolic act was passed by a large
majority in Congress but was vague and carried little
enforcement power. Nonetheless, it was "the first attempt by
the government to protect all native endangered species of
fauna'" (Brodkey, p.373, 1977). The act authorized funding for
habitat acquisition, directed the Secretary to publish a list
of endangered species in the Federal Register, recognized the
need for interagency cooperation to protect species,
authorized the captive propagation of endangered species, and
prohibited the taking of endangered species on designated
preserves.

The 1969 Endangered Species Act was passed to remedy the
perceived weaknesses of the 1966 law. It extended the ban on
interstate trade in endangered species first implemented by
the Lacey Act to reptiles, amphibians, mollusks, and

crustaceans, largely in response to rampant poaching of
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alligators. For the first time in U.S. legislation, "fish and
wildlife” explicitly meant consideration of invertebrate as
well as vertebrate species. Funding for habitat purchases was
expanded, and the law addressed the need to conserve
endangered species internationally through a concerted
international program, eventually culminating in the
Convention on International Trade in Endangered Species
(CITES). This agreement reconciles and enforces international

laws restricting the trade in endangered species.

The Endangered Species Act of 1973

In a speech entitled the "Environmental Message" of
February 8, 1972, President Nixon declared that existing
legislation Ysimply does not provide the kind of management
tools needed to act early enough to save a vanishing species"®
(U.S. Code and Administrative News, p. 2991, 1973). He then
suggested the need for a far-reaching law which would protect
species and their habitats before they were on the brink of
extinction. Congressional testimony on the issue soon
revealed the scope of the extinction problem, the scientific
importance of biodiversity, and recognized hunting and habitat
destruction as the main causes of extinction (ibid.). These
events coincided with a profound increase in environmental
awareness in the country. This heightened ecological concern

is reflected in the number of environmental laws enacted
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during this period. With ecological concerns evident,
congress set out to produce an act to protect biodiversity
which would address the inadequacies of the preceding acts.
The ESA was drafted and passed with virtually no opposition
(Kohm, 1991); no legislator wanted to argue in favor of
extinction for the bald eagle, the grizzly bear, or the
whooping crane.

The ESA’s unique provisions marked a radical departure
from the vague, symbolic language of the two previous
endangered species acts. A key difference was the provision
for the conservation of endangered plants; flora and fauna
were now to enjoy equal protection under the law. Other
provisions were the extension of protection to species which
may become endangered in the future, a strict ban on the
taking of endangered species anywhere in the U.S., and a
provision for citizen lawsuits on behalf of endangered
species. Environmental interests could also intervene by
petitioning the FWS for a review of the status of any species.

Habitat considerations were greatly expanded in the ESA
of 1973, moving from the periphery they occupied in earlier
legislation. Section 2 declares that the purpose of the act
is to "provide a means whereby the ecosystems upon which
endangered species and threatened species depend may be
conserved." The act added appropriation flexibility by

eliminating the limit on the amount of funds that could be
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spent to acquire critical habitat. Section 4 outlines the key
elements of designating this critical habitat. Critical
habitat is further emphasized in Section 7.

Section 7, covering federal interagency cooperation, is
the most contentious part of the ESA; it has been at the
center of almost all ESA litigation, including the lawsuits
brought by environmeﬁtal groups and citizens in the MGIO
conflict. Entire books have been written on this
controversial section of the ESA (e.g., Barry, Harroun, and
Halvorson, 1992). During the five year period of 1987 through
1991, the FWS participated in over 73,000 Section 7
interagency endanéered species consultations (ibid.). A
Phoenix-based FWS official noted that his office alone gets an
average of seven Section 7 consultation requests per day. To
accommodate these demands, his office hosts regular workshops
for federal employees on ESA compliance which focus on
resolving Section 7 issues; these workshops are almost always
full (FWS, 1992).

Section 7 explicitly states that federal agencies are "to
insure that actions authorized, funded, or carried out by them
do not jeopardize the continued existence of such endangered
species ... or result in the destruction or modification of
habitat of such species which is determined ... to be
critical." Commenting on this section, Congressman Dingell

stated, "every agency of Government is committed to see that
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those purposes are carried out ... [T]lhe agencies of
Government can no longer plead that they can do nothing about
[extinction]. They can, and they must. The law is clear"
(Brodkey, p.381, 1977). Earlier language tempering the duties
of federal agencies (e.g., as are practicable and may), were
removed along with other qualifiers from the final wording of
the bill. It is clear from the legislative history that
Cohgress did not intend for federal agencies to have any
discretion with respect to protecting endangered species
(ibid.).

The legislative history of the ESA also shows- that
lawnakers thought they were voting for a popular bill that
would require few government expenditures and have little
effect on commerce and development. Perhaps they did not
scrutinize the opening section of the act carefully. The
first finding in the law states that species have become
endangered "as a consequence of economic growth and
development untempered by adequate concern and conservation."
The list of wvalues of species does not mention economic
values. In fact, the only mention of "economic" is as the
causal element in the extinction problem statement. The
singular criterion for protecting endangered species in this
act is to be "based solely on biological evidence and the best
scientific and/or commercial data available." Such a law

which promotes noneconomic and nonhuman values over
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enforcement costs and traditional anthropocentric concerns
would be an anomaly today. That this precise, absolute, cost-
oblivious, and far-reaching legislation was passed almost
unanimously twenty years ago is further evidence of the unique

nature of this extraordinary natural resource law.

Amendments to the Endangered Species Act of 1973

Congressional sentiment that the ESA was a benign
conservation statute was soon changed. Less than two years
after passage of the act, the FWS testified it had received
requests to list 23,962 species as endangered; another 144
species had already been designated (Reffalt, 21991). The
scope of human pressure on other species and the vast
resources required to implement the ESA were rapidly becoming
apparent.

This point was finally driven home in the landmark case
of TVA v. Hill, a.k.a. the Tellico dam - snail darter case.
Opponents of this $100 million federal water project claimed
the dam would destroy the critical habitat of an obscure
endangered fish. The case went all the way to the Supreme
Court with the government’s position argued by Attorney
General Griffin Bell. Opposing Bell was an environmental law
professor who had donated all five years of his legal services
in this fight (Cahn, 1991). In his closing statement, Bell

reached into his briefcase and withdrew a jar full of water
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containing the ugly snail darter. He presented this vessel to
the justices to emphasize the insignificant nature of the
small fish. The court was unmoved. The majority 6-3 opinion
ruled that "the plain language of the Act, buttressed by its
legislative history, shows clearly that Congress viewed the
value of endangered species as incalculable" (Brodkey, 1977).

This finding of infinite value for endangered species
alerted Congress to the cost-oblivious nature of the original
act. Shocked by the implications of this decision,
congressmen quickly offered that they thought their votes for
the ESA were simply to protect bald eagles and grizzly bears
(Kohm, 1991). Senator Baker capitalized on congressional
discontent in 1978 by pushing through amendments to the act
and a legislative exemption from the ESA for the Tellico dam
in 1979. His last-minute attachment of a rider to an
important bill which was sure to pass was a legislative
strategy that would be followed later by the Arizona
congressional delegation in the MGIO conflict?.

The 1978 amendments to the ESA provide for limited
tradeoffs between development and endangered species. Under
extreme circumstances, the Interior Secretary may convene an

Endangered Species Committee composed of seven high-ranking

3. A rider is "a controversial provision unlikely to pass on
its own merits that is attached to a popular bill in
hopes that it will ‘ride’ to passage on the back of the
popular bill" (Hirsch, Kett, Trefil; p.326, 1988).
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government officials. A super majority of five members may
allow projects to continue and extinguish a species if the
public is best served by the project, no reasonable and
prudent alternatives exist, and the benefits of the
development clearly outweigh the benefits of preserving the
species (Cahn, 1991). Only three projects have been appealed
to this committee more coﬁmonly known as the "God Committee"
or the "God Squad" for its ability to decide the fate of a
species. In its second formal ruling to date, the committee
found that the Tellico dam did not meet the criteria for
exemption, thus halting the first administrative attempt to
consciously authorize the extinction of a species (Bean,
1983).

Another tradeoff was added in the 1978 amendments to
respond to criticisms that the act did not balance biological
concerns with other considerations. To address this issue,
the designation of Critical Habitat was amended to regquire the
consideration of social and economic factors. This change in
the original act is responsible for the current Columbia Basin
cost-benefit study to determine the broad impacts of
designating critical fish habitats in this river systemn.

Additional amendments to the ESA were passed in the
1980s. These changes mandated the development and
implementation of specific recovery plans for each species and

required formal biannual status reports to Congress from the
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FWS. An additional tradeoff was added in 1982 which further
tempered the act’s original absolutist language by allowing
for the "incidental take" of a listed species. Section 10 now
allows development to take place in the critical habitat of an
endangered species 1if the developer offsets this take by
promoting the conservation of the species. This is generally
achieved by restoring or developing habitat in another
location or improving current habitat. The UA is required to
monitor the MGRS under such a conservation plan in order to
build their observatory in critical habitat. These Habitat
Conservation Plans have been crucial in allowing development
to continue in the presence of endangered species’ critical
habitat in Las Vegas and several areas of California as well.
While these plans can undermine the very goals of the ESA, in
most cases they offer an opportunity to reconcile differences
to the potential benefit of land owners and endangered species
(Bean, Fitzgerald, and O’Connell, 1991). However, because
there has been little biological research done to evaluate the
effectiveness of this new preservation tool, the benefit of

these plans on the endangered species is presently unknown.

Current Status of the Endangered Species Program

When a candidate species is listed as endangered, it is
granted existence rights and full protection from all federal

agencies under the ESA. Once listed, in theory, the organism
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and its habitat must not be harmed. This ban on disruptive
activity can buy the FWS time to study the species and develop
a recovery plan, frequently allowing a declining population to
stabilize (FWS, 1992). But listing is not a quick process.
A Phoenix FWS official estimates that it usually takes three
to four years to list an identified candidate species (ibid.).
Species listing is instigated by one of two means: it is
identified by FWS personnel, or, the FWS is petitioned by the
public. In either case, a species must first be
scientifically classified and identified as threatened by a
professional or amateur biologist. Sometimes these actions
come too late as in the extinction of the dusky seaside
sparrow in Florida in 1987.

In addition to the officially listed species, the FWS has
two categories for managing the backlog of candidate species.
The survival of these species is dependent on a mixture of
luck, human sponsorship, and federal budgetary conditions.
They remain in bureaucratic limbo, waiting to be listed as
resources become available or become extinct. There are
currently 3,900 species occupying FWS’s Category I and
Category II classifications for candidate endangered species
while 1,167 species have been officially listed under the ESA
(Kohm, 1991; FWS, 1991). Category I consists of those species
for which adequate data exist to merit listing; they have not

been 1listed due to resource constraints or departmental
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priorities. Category II includes species believed to be
threatened or endangered but lacking adequate biological data
for listing (Reffalt, 1991).

Conservationist critics have claimed that the FWS
concentrates on "charismatic megafauna"--animals which are
easily anthropomorphized-~while ignoring reptiles, amphibians,
and invertebrates in administering the program (Mann and
Plummer, 1992). Upon examining the funds available to the FWS
and the duties they are charged with under the ESA, it is
clear that resource constraints have forced the agency to
selectively enforce the act by picking and choosing among
threatened species. Congress has also charged that a
disproportionate effort has been made to save a few highly-
visible species. A FWS publication supports this criticism,
showing 5 percent of the domestic listed species (58) received
90 percent of all endangered species expenditures (FWS, 1991).

Criticism of the act by development interests is not as
well supported by the evidence. A recent publication has
shown that the allegations against +the act as an
obstructionist tool are unfounded. Of the 73,000 Section 7
consultations undertaken from 1987 to 1991, only 350 jeopardy
Biological Opinions were issued. Of these, only 18 projects
were ultimately canceled because of noncompliance with Section
7 (Barry, Harroun, and Halvorson, 1992).

The obvious message from the nearly twenty years of
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experience with the ESA is that legislators and
conservationists grossly underestimated the impact of its
stringent legislative prescriptions. The magnitude of the
species extinction problem and the resources required to

administer the law are now quite evident.

The Economic lLiterature on Endangered Species

The economic literature on endangered species is a recent
body which adapts the received theory of natural resource
economics to the species extinction/preservation problemn.
This literature features an implicit anthropocentric view for
valuing species. From an economic standpoint, a species is
endangered if its continued existence is dependent on some
positive level of resource investment or sacrifice (Judge,
1987). Because endangered species and their critical habitat
are an open-access resource and biodiversity is a public good,
the loss of species without market intervention will be
greater than the socially optimal amount (Ciriacy-Wantrup,
1975).

The original absolutist language of the ESA provides a
prescribed target of zero loss in domestic endangered species.
This uniform directive is an inalienability entitlement which
(presumably) constrains market activity to achieve a higher-
order social objective (Griffin, 1991). The act is a classic

example of a special quantity control measure for rationing
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--prohibition--where the stick of achieving the socially
optimal allocation (i.e. =zero loss of species) takes
precedence over considerations of using the carrot of price
incentives. Prohibition implies that the marginal cost curve
of extinction lies everywhere above the marginal benefit curve
(Figure 2, Panel A). This is representative of the biocentric
(i.e. deep ecologist) world view; any level of species
extinction imposes net costs on society. The result is that
the act fails to recognize any preservation/development
tradeoff by placing an infinite value on all endangered flora
and fauna, essentially avoiding the central issue: to what
extent should human activities be constrained to reduce the
risk of extinction (Harrington, 1981)? This question was
dealt with to some degree by the 1978 amendments creating the
Endangered Species Committee and allowing socioeconomic
impacts to be considered in designating Critical Habitat
(Figure 2, Panel B). This represents the anthropocentric
environmentalist view where some small amount extinctions
might confer positive net benefits to mankind by allowing
projects of great importance to proceed given potential
extinction risk to an endangered species.
Due to the problems inherent in quantifying non-market
costs and benefits (i.e., the presence of nonquantifiable or
noncomensurate variables), much of the economic literature

focuses on gualitative descriptions of the various components
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FIGURE 2: THE ENDANGERED SPECIES ACT OF 1973
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The Endangered Specles Act of 1973. Any positive level of extinction imposes costs on
society; Q* is equal to zero.
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The Endangered Species Act as amended in 1978, Some projects may proceed with jeopardy to
endangered species if the benefits clearly exceed the cost from extinction; Q* may be positive.
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of endangered species value such as commercial value,
recreation value, existence value, scientific/information
value, option value, and ecological value (e.g., Boyle and
Bishop, 1987; Brown and Goldstein, 1984; Samples, Dixon, and
Gowen, 1986). At the center of this valuation problem is a
critical lack of information on the current economic value of
individual species as well as nature 6f future preferences,
technology and information. Under these conditions,
forecasting is an exercise of dubious value. This dilemma is
further complicated by an incomplete understanding of the
complex, dynamic interdependenéies that exist between humans
and other organisms in biological éystems; it is simply not
possible to quantify the marginal costs of species extinction.

Despite these problems, Samples et al.(1986), and Boyle
and Bishop (1987) suggest using contingent valuation estimates
of willingness to pay (WTP) for endangered species policy
analysis. This prescription brings several problems to mind.
FPirst, this would exacerbate the issue of "charismatic
megafauna-~the most popular animals receiving the bulk of the
FWS budget. This not only violates the act but it would be
quite a coincidence for the most popular species to also be
the most biologically important. With perfect information,
the WTP for a species would be quite helpful. Samples et al.
showed that WITP for preservation is very sensitive to

information. But when ecologists are unsure of the value of
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a single species in densely interdependent ecosystems, how can
the poorly~informed layman’s WTP be a useful tool for such a
serious problem? The issues surrounding the value of
endangered species merit more sophisticated approaches than a
mere popularity contest. Animals such as grizzly bears and
condors are much more popular with the public than
invertebrates, reptiles, and other fauna. Using WTP for
determining the sﬁrvival of 1living organisms has ethical
implications as well: a lack of human sponsorship could
condemn species to extinction based on the fickle whims of
man.

Brown (1985) suggests using WTP because there are simply
not enough resources to save all endangered species. The
administration of the act under the FWS supports this claim.
Myers (1979) also favors making conscious choices about which
species to save and which to let vanish. These perspectives
reveal the anthropocentric foundation of economics. Few
economists would object to this call to "play God" assuming
they had a perfect database. Taking on this lofty role
without complete information is asking for trouble.

In light of these issues, Brown has asserted that
economists enjoy no professional comparative advantage in
valuing endangered species or in deciding how many and which
species to preserve (1985). Nonetheless, given the social

objective of maintaining biodiversity, economists can
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effectively use the familiar tools of marginal cost and cost-~-
benefit analysis to rank various project alternatives, habitat
protection plans, damage mitigation schemes or recovery
programs to achieve this goal at least cost (Hyde, 1989).
Unfortunately, mitigation measures that focus on improving
habitat, and could use economic analysis, may only be feasible
for certain territorial, non-migratory species.

Commercial and recreation values involve species’
interaction with humans. In these cases utility is derived
through consumptive uses such as hunting, fishing, and
collecting, and non-consumptive wuses such as simple
observation and photography. The commercial value of a
species is perhaps the most common and best-understood measure
of its benefits. Leather, feathers, shells, teeth, claws,
bones, eggs, oil, meat, herbs, spices, seeds, nuts, and
flowers have been traded for centuries.

The recreation value of biological resources has become
more important in the affluence of the post war period. Bird
watching in southern Arizona, African photo safaris, river
rafting, and the rising popularity of ecotourism are all
examples of the increasing importance of recreation values.
Existence value is an additional non-consumptive benefit from
species preservation. Simply knowing that a biological asset
exists can increase utility even though the asset may never be

directly observed. Many people contribute funds to preserve
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whales, deriving utility from knowing they still exist in the
open ocean.

The Scientific/information value of a species was
discussed earlier. This benefit will only grow with time as
geneticists, molecular biologists, and ecologists expand their
knowledge base and biotechnology is better able to utilize the
vast storehouse of unique genetic information in each species.
This value is non-rival and non-excludable (Judge, 1987) and
holds tremendous potential for improving human welfare e.g.,
synthesizing the chemical process whereby a lizard regenerates
its tail to replace severed human limbs.

The option value of a species is related to the future
possibility of utilizing an asset which may irreversibly
disappear. It is basically an insurance premium paid above
the expected future value of a species to keep that species
available for possible consumption or interaction at a later
date.

Observing the various values discussed in the literature,
it appears that there 1is a gap in the taxonomy of
anthropocentric benefits. Existence value is a benefit
derived from knowing that an asset exists, but certainly there
are many situations where utility is enhanced by existing
objects or processes that are wunknown. This may be the
unknown existence value. For example, one does not have to be

aware of the ozone layer that reduces radiation and mitigates
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skin cancer to derive real value from it. Likewise, a lack of
awareness of the sea plants that are the main source of
atmospheric oxygen does not diminish their addition to
utility, nor does a passenger have to be conscious of the
existence and function of a jet aircraft’s hydraulic system to
be a recipient of its very real enhancement of their utility.
I would suggest that the bulk of the economic benefits derived
from preserving biodiversity falls into this category of
beneficial, but unknown, additions to individual utility.

Using binary probit analysis, Judge (1987) found that a
variety of factors influenced the degree of protection given
to species under the ESA. Specifically, vertebrates were
favored over invertebrates, species that have an external
sponsor have a higher probability of receiving protection, and
species whose protection requires +the modification or
cancellation of a public sector project have higher
probabilities of receiving protection than species not
involved in such conflicts. The MGIO case would seem to
support these last two findings; it was the very siting of the
observatory on Mt. Graham that attracted the human sponsorship
and resources to list the MGRS as endangered.

Yaffee (1982) analyzed the administration of the ESA in
a public policy framework. Prohibitive policies like the ESA
ban activities without balancing the benefits with enforcement

costs. Given the political arena in which policy is
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administered, bans are rarely enforced absolutely, absolutist
language and legislative histories notwithstanding. In the
political environment "the medium of exchange...is power, and
the mode of interaction is negotiation." As a legislative
prescription, Yaffee finds +the ESA extremely stringent.
However, since the administrative process is laced with
discretion, enforcement is heavily influenced by the political
context in which implementation takes place. He concludes
that balancing occurs, outside interests participate, and
negotiation prevails. The analysis of Section 7 consultations
by Barry, Harroun and Halvorson (1992) supports Yaffee’s
position of balanced implementation.

Whittlesey and Wandshneider (1991) discuss how economic
values and property rights have interacted in the Columbia
River Basin to endanger salmon there. They identify a
proactive question important to protecting biodiversity before
a species is in critical condition--how can we transform our
current economic production practices to continue to serve
human needs while eliminating the degradation of complex
ecosystems? The authors maintain that salmon habitat has been
degraded over the last 100 years because property rights are
poorly specified. They do not mention that establishing well-
defined property rights for a migratory species which roams
from the central Pacific to 900 miles inland in the Snake

River is problematic. A review of fishing rights cases in the
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Northwest shows that the emphasis of the rulings has been on
the quantity and distribution of the catch and not protecting
fish habitat, (Bean, 1983). However, the ecosystem has not
been degraded solely because of poorly specified habitat
rights. An additional factor is that the primary right
holders over the last century-~Native Americans--have had
little institutional power to enforce treaty rights when
compared to the power endowments of timber, hydroelectric
power, shoreline development, and agricultural interests.
Another concern of economists is the substitution
possibilities for species preservation given the mandate of
maximum protection. Since the primafy culprit in species
extinction is loss of critical habitat, research on the
feasibility of habitat substitutes is an important area of
investigation. The FWS already uses captive breeding as a
substitute for the irreversible loss of the habitats of the
California condor, the whooping crane, and the black-footed
ferret. The Cincinnati Zoo has developed a new program that
uses in-vitro fertilization and transplants embryos into
trans-species host mothers to help prevent extinction.
Habitat Conservation Plans are also a potential substitute for
critical habitat. All these programs are basically
substituting capital (financial and human) for land (lost
habitat). The evidence on the effectiveness of these

potential habitat substitutes is far from conclusive. In the
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future, DNA and tissue storage may offer another potential
habitat substitute. Many would argue that a higher level of
social welfare would be attained with species preserved in
native habitat instead of zoos, freezers, and tissue culture
labs.

Finally, there has been great concern recently among
landowners over strict environmental laws which subject their
property to rules that may constrain its potential private
value. This imposes highly-concentrated costs on local land
holders while conferring diffuse social benefits. Gardner
Brown, Jr. has suggéested that the Kenyan farmers bordering
elephant preserves who must contend with constant crop
destruction be given a monopoly on film sales to ecotourists
as a form of compensation (Mann and Plummer, 1992) for lost
value. Land owners in the U.S. are presently challenging
environmental laws (e.g., wetland rules) prohibiting
development as a violation of the fifth amendment "Takings
Clause" of the Constitution. This clause prohibits the taking
of private property without just compensation. Due to this
potent issue, it 1is likely that the ESA will be adjusted
sometime in the future to alleviate this large concentrated

private cost/diffuse social benefit problem.
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Chapter 3

FACILITY SITING CONFLICTS

"Delay in developing a range of private and public
projects is an inherent feature of all

industrialized countries. Approval to develop
projects not only takes a long time but also an
unpredictably long time" [emphasis added]

(Lesbirel, p. 153, 1987).

Why are the major facilities demanded by society so
difficult to site? In the simplest terms, problems arise
because siting facilities confers benefits to some interests
and costs on others. When the costs of facilities are
concentrated and the benefits diffuse, the developer can count
on some degree of opposition. These differences are
eventually worked out through negotiated settlement, the
exercise of power, or project termination.

Citizens are in general agreement that we need power
plants, airports, dams, oil refineries, hazardous waste dumps,
sewage treatment plants, prisons, low~-income housing,
freeways, and homeless shelters. But they rarely agree on
where to locate these socially beneficial yet 1locally
undesirable facilities. This is the classic case of "not in
my back yard," commonly known as the NIMBY problem.

Astrophysical observatories are not locally undesirable
facilities per se and hence do not fit neatly into the above

group. Telescopes are not threatening, noisy, or smelly.
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When not located in sensitive ecosystems, astronomy is an
environmentally benign industry. Observatories do not extract
or consume large amounts of natural resources, nor do they
discharge pollutants into the air, water or soil. They are a
catalyst for attracting research funds and related high-tech
industries. The personnel requirements of observatories
translate into high salaries and few demands on stressed
infrastructures. Nonetheless, most of the research on
facility siting conflicts has direct implications for the MGIO
case.

The generic facility siting conflict involves negative
local impacts offset by positive social benefits for a net
gain to society. But the MGIO conflict does not fit this
simple description. The Dbiocentric opposition has
characterized the project as conveying very harrow
institutional benefits to university astronomers and
administrators while producing diffuse social costs that when
compared create a net loss for society. This conflict is very
unusual in that it is not the classic case of a developer
against local opposition but a project that pits the interests
of one group of scientists against the concerns of another
group in a separate scientific discipline. Nor has the issue
been confined to local concerns. All current MGIO partners
are European institutions, including the Vatican. Periodicals

have used the dispute to dramatize either how power and
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politics overwhelm environmental concerns and due process, or
how environmental regulation threatens U.S. leadership in a
critical technology. Coupling popular European concern for
the environment and indigenous peoples with the involvement of
the Pope and the dispute between two scientific disciplines
makes for a very unique siting conflict.

In their book on facility siting and public opposition,
O’Hare, Bacow, and Sanderson (1983) provide an overview of the
problem. They consider current siting practice a failure due
to the lack of a decision-making and interest-balancing
structure that encourages constructive cooperation among
interested parties. Their points are made through case
studies that present useful lessons from past mistakes and
facility siting failures. Research of the siting process has
enabled them to develop a number of general observations
relevant to planning and the decision making process.
Additionally, they .offer some valuable insights into the
behavior of proponents, opponents, and the professionals most
often involved in facility siting. The authors do an
exemplary job of explaining why despite extensive planning and
environmental research, projects proposals repeatedly fail
"before a shovelful of dirt is turned ... in a welter of
lawsuits, local conflicts, political challenges, and bad
feeling" (p. vii). Although the MGIO project has not been

stopped, it is accurately characterized by the latter part of
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the preceding quotation as well as many of the general
findings of this work.

An optimal process for siting controversial facilities
will achieve four basic objectives: It will facilitate the
construction of what is really needed, discourage building
unneeded projects, deter good projects from being built in the
wrong place, and it will achieve these goals at least social
cost. O’Hare et al. cite intensive construction in delicate
ecosystems as evidence that our current siting practices are
in need of improvement. The MGIO opponents would surely
concur with this point. ;

The siting literature stresses tﬁe importance of a
negotiated compromise derived from meaningful public
participation by all interested parties (Bean, Fitzgerald and
O’Connell, 1991; Dritna, 1982; Fanning, 1979; O’Hare et al.,
1983). This participation should begin as early in the
process as possible and be characterized by a free flow of
information encompassing a broad spectrum of ideas and
viewpoints. The returns to a negotiated settlement are
usually significant to all parties while the results of an
adversarial litigation can spell disaster for at least one of
the involved groups. Judge William T. Moroney offers,
"there’s no such thing as a bad settlement...each side gives
up something" and society is the big winner by arriving at an

acceptable outcome at least cost (Nett, 1992).
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The inclusion of all interested groups in the early
stages of project development has a high probability of
producing a negotiated settlement acceptable to all parties.
Under this scenario, externalities are internalized and the
socially optimal output is achieved by the merger and the
optimization of a joint utility function (Gifford and Stone,
1975). These authors showed that firms optimizing a narrow
production function tha£ ignores interdependency variables
(i.e. externalities) will achieve an output level that is
socially inefficient. Likewise, powerful interests that can
shoulder the public interest aside and ignore interdependent
utility functions can channel benefits to their narrow self
interest while shifting costs to society. The environmental
legislation of the last two decades has sought to arrest this
process.

In the early 1970s the Ford and Rockefeller Foundations
funded pioneering research into environmental mediation. The
purpose was to create voluntary, joint settlements of disputes
that would achieve the optimal results of the social merger
used by Gifford and Stone by explicitly recognizing
interdependencies. This approach was developed in response to
the huge deadweight losses and suboptimal outcomes inherent in
adversarial alternatives (Fanning, 1979).

Diverse organizations such as USX and the Governor’s

office in Colorado (the Governor’s Roundtable) have formal
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programs to facilitate cooperative facility siting using this
methodology (Livingston, 1987). Dritna (1982) offers a case
study of cooperative facility siting involving U.S. Steel (now
USX). With the institutional constraints provided by NEPA,
developers are no longer able to unilaterally decide where to
site major facilities. Developers now face two development
options: to cooperate with all interested parties by adopting
a Joint wutility function, or, use political power to ram
through a project without accommodation, using a restricted,
utility function that might potentially increase private
profits but increases net social costs. Recognizing that
environmental legislation had eroded the traditional power
asymmetry enjoyed in the past by developers, U.S. Steel choose
a cooperative approach to avert lawsuits and project delay.
The shared goal of this approach was to create a model for
joint decision making where the gains from cooperation would
confer savings to both public and corporate coffers. To this
end, the process was designed to obtain the full involvement
and participation of all interested parties. The private
objective was to identify the least-cost approach to complying
with environmental law.

The results of U.S. Steel’s cooperative approach to
facility siting was encouraging. A cost~benefit study of
adversarial versus cooperative environmental compliance found

that costs were frequently maximized with the adversarial
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approach. Intangible considerations such as public relations
and corporate goodwill were often severely damaged by
adversarial approaches and greatly underestimated by decision
makers. The final conclusion of the study was that "early
cooperative assessment procedures initiated by a corporate
project applicant can result in mutual savings for all
parties" (Dritna, p.70, 1982).

O’Hare et al. concur that optimal facility siting
requires that the very earliest stages of the process are
handled properly. Once public confidence is lost, it is very
difficult to regain. Likewise, once an interested party is
offended, future cooperation becomes problematic. The
inability to site a good project is "irreducibly the result of
a series of small failures" (p. 2). These failures occur at
key decision nodules where decision makers selecting from a
list of alternative actions chose a suboptimal option. After
the process is headed down a suboptimal path, it is very
difficult to regain the options of past choice sets. The
contentious atmosphere and stringent environmental regulations
confer real costs on managers selecting inferior paths at key
decision points. As these small failures at the early stages
gain momentum, they overwhelm latter decisions and begin
driving the entire process. Eventually they take on many of
the features of irreversibilities by foreclosing upon future

options. These early decisions are not unlike the foundation
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of a building. Once an unstable foundation has been laid, no
amount of engineering or damage control is likely to ever
stabilize the structure. Foundations can be replaced:; once
lost, public confidence cannot be so easily restored.

The "Decide-Announce-Defend" model commonly used by
developers is denounced by O’Hare et al. as self defeating.
Using this model, developers feel they can achieﬁe key project
objectives long before any opposition is able to form. If
action is swift enough and their intentions remain out of the
public eye, decisions can be made long before potential
-opponents are even aware of the project. After a certain
amount of sunk costs are incurred, developers using the
Decide-Announce-~Defend model hope that this critical mass will
immunize their project from being blocked. Once irreversible
investments have been made, compensation is often in order.
The more one can construct on a site before the project is
halted, the more physical justification for completion or
compensation.

This is a short-sighted strategy given the current legal
climate. Project opponents now have a substantial array of
institutions (e.g., ESA, NEPA) which they can wield to stop
projects, particularly when proponents of the project have not
encouraged constructive cooperation among interested parties.
With these tools, opponents can use litigation to either stop

the project outright or delay it indefinitely while creating
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significant transaction costs for the developer. In such a
confrontational setting, developers often underestimate the
commitment and sophistication of project opponents.

The increase of facility siting failures over the last 15
years illustrates important changes in the institutional
structure governing the site selection for large projects.
Variables dealing with externalities have been forced into the
production function of facilities through environmental
legislation and regulatory agencies. Past arrangements where
developers were allowed to use the assimilative capacity of
the environment with impunity to shift costs on to others has
now evolved to recognize some degree of rights to basic
environmental quality. This recognition of external costs has
made siting facilities more difficult and cooperation more
urgent.

Developers are quick to blame the maze of restrictive
environmental legislation as the culprit in project delay,
frequently singling out the NEPA or the ESA. The MGIO
conflict conforms to this general observation. In public
forums, UA astronomers continue to castigate the way
environmental laws are being used as "out of control." While
O’Hare et al. acknowledge that the body of environmental
legislation is not without its peccadillos, they dismiss
claims that it is at the heart of the siting problem. The

primary problem in facility siting conflicts is identified as
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. the failure of 'developers to acknowledge the very real
disamenities their project will create and to meaningfully
involve all affected parties in a negotiated settlement to
resolve them. A FWS official concurs with this prescription
stating that the first rule of negotiation is to "identify
your enemies and seat them at the bargaining table so they
cannot undermine the process from the outside" (FWS, 1992).

Lord (1979) provides a useful classification of conflict
types which arise in disputes. Though these three conflict
types are distinct (cognitive, value, and interest), it is not
unusual for more than one type to be present in a facility
siting conflict.

Cognitive conflict is a product of the professional
"lens" people use to view the problem and develop their
corresponding technical judgements. This conflict arises
because we are more likely to support a technical perspective
that supports our own orientation. As Myrdal has pointed out,
"there is no view without a viewpoint" (quoted in Swaney, p.
1745, 1987). The narrow perspectives of these interested
parties in the siting process can short circuit a negotiated
settlement.

O’Hare et al. illustrate cognitive conflict with
fallacies commonly associated with various professional views.
The Engineer’s Fallacy is that engineers often believe strict

technical relationships devoid of social, economic and
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political considerations should determine the relevant
optimum. Economists are well acquainted with this fallacy
from collaboration with engineers. Students of economic are
taught to be aware of the fundamental difference between
technical and economic optima.

The Lawyer’s Fallacy is perpetuated by the fact we live
in a contentious, dualistic world with opponents (i.e. losers)
and proponents (i.e. winners) for every proposed activity of
significant scale. 1In this fallacy the world is viewed as a
series of permits, injunctions, and restraining orders. These
obstacles can be overcome by using adequate resources to hire
the best legal services available to negotiate the maze of
obstructions and defend the project. Once all the legal
hurdles are satisfied, the project will be completed in a
routine fashion. VYet this process is successful for only one
of the involved parties in a facility dispute.

The Economist’s Fallacy is a world viewed as nothing more
than an endless series of tradeoffs which can be reduced to
cash equivalents. Critics of this view have remarked that
"economists know the price of everything and the value of
nothing" and "economists measure what they can measure and
what they cannot measure, they measure anyway". Not all
people have market-clearing prices where they are indifferent
at the margin between a good or a cash equivalent; some things

are not for sale at any price and impacts exist for which no
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for which no amount of cash compensation will suffice.
Essentially, economists focus on cognitive and interest
conflict where tradeoffs are relevant and ignore value
conflicts.

The Astronomer’s Fallacy is that astrophysical research
is so essential to society that concerns over endangered
species, environmental laws, and procedural Jjustice represent
petty issues at best and extremism and irrational thinking at
worst. After being publicly aired, these concerns should be
put to rest for the sake of scientific endeavor and the good
of all mankind. Scientific Jjustification and not emotive
obstructionism should prevail.

The Deep Ecologist’s Fallacy is that all human threats to
endangered species are intelerable. Any probability of
increasing jeopardy must be avoided at any cost. The general
adaptability of squirrels, the increasing MGRS population in
the presence of intense construction activity, and the
possibility that the MGRS is headed toward extinction without
any additional human impacts are no justification for locating
an observatory in the critical habitat of an endangered
species.

At least one other fallacy relevant to cognitive conflict
is in order--the Expert’s Fallacy. This position is defined
by the mindset "If only you had my wisdom, vision, and

technical experience, you’d see this conflict exactly as I
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do." This fallacy has been a fixture throughout the MGIO
conflict. In public forums, proponents have ’routinely
responded to sincere questions from nonexperts by trivializing
and discrediting their 1legitimate concerns. Both the
questioners and the audience have been regularly insulted by
the arrogance, untimely laughter, and intellectual
grandstanding of the assembled experts.

Value conflicts are ideological in nature and arise from
the different values and beliefs competing parties hold over
the desirability of alternative outcomes. These conflicts
are often intractable due to the existence of a
noncompensatory variable in an affected party’s preference
function. Although compromise is possible in value conflicts,
a negotiated settlement requires agreement on what constitutes
an acceptable outcome. For this reason, authoritarian or
democratic action frequently determines which position will
prevail. Value conflicts are common because siting disputes
are frequently between groups who are united through similar
values and beliefs, e.g., real estate developers vs.
environmentalists or anthropocentric Anglo developers vs.
biocentric Native Americans.

To deal with local disamenities, O’Hare et al. favor
direct compensation to those bearing project external costs in
order to resolve conflicts. With cash compensation, local

communities can bid against each other until the area



89
requiring the lowest payment eventually ends up hosting the
facility. This negotiated compensation is designed to reveal
social costs imposed by a facility once it is operational and
identify areas where facility siting will minimize these
costs.

In practice the use of compensation is 1limited to
situations where the affected parties are indifferent to cash
or in-kind compensation versus the original condition before
amenity loss. Lesbirel (1987) found that opposition was
likely to be stronger where compensation mechanisms could not
be implemented (i.e. value conflict is dominant). Opponents
whose values and beliefs are characterized by deep ideological
commitments are not easily compensated with cash or other
offsets. Cash compensation is often viewed by these parties
as bribery for coﬁpromising or selling their values. An-after
the-fact payoff implies that something that was never for sale
but nonetheless taken away can be . replaced with cash. For
these reasons, attempts to use compensation for a loss in
cultural or environmental values are rarely successful.

Interest conflict occurs when the impacts of an activity
confer costs on some and benefits on others. 1In other words,
the recipients of the benefits from a facility are not
identical to those bearing the costs and the affected parties
cannot agree on the incidence or magnitude of facility

impacts. This issue is prevalent in nearly every conflict;
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it is next to impossible to alter the established pattern of
economic activity without creating gainers and losers, i.e.,
public policy decisions cannot achieve the rigid criteria of
a strict Pareto improvement. The astronomers at the UA were
all environmentalists until the MGIO conflict came to a head.
Once their primary interest was threatened, ecological
concerns took a back seat to observatory development. The
university lobbied against listing the MGRS as endangered
because they felt it might produce a loss to science.
Biocentric environmentalists lobbied in favor of listing the
squirrel so they could use it as an "umbrella specieé" to
protect the summit ecosystem from development. A peer¥
reviewed study of viewing sites listed Mt. Graham as 38th best
in the country (Lynds and Goad, 1984) while a later
proprietary study by the UA’s Steward Observatory (1987)
listed the peak as the number one site. UA astronomers have
called Mt. Graham the best telescope site in the continental
U.S. (Rhodes and Wilson, 1991) while the director of a
competing New Mexico astrophysical site calls the Magdalena
mountains in that state the best continental site (Spice,
1987). Clearly, interest conflicts cut across the various
technical views of cognitive conflicts and the cultural/group
beliefs of value conflicts.

These different types of conflict lend themselves to

various forms of cooperative resolution including bargaining,
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increased communication, and open information sharing. Of
course, where cooperation has been foreclosed upon as an
option, litigation or legislative resolution are likely.
Lord (1979) offers that the resolution of cognitive conflict
requires a search for the truth, value conflict a search for
the good, and interest conflict a search for the acceptable.

Mancur Olson (1965) in his seminal work showed that the
likelihood of individual action decreasés as the size of the
group increases and as the amount at stake for each individual
decreases. It follows that the group with the concentrated
benefits will be willing to commit significant resources to
the dispute while the group bearing the diffuse costs is much
less likely to be well organized and marshall the required
resources. This is a reflection of the rational expectation
of each member that his own individual action will not affect
the outcome. The beneficiaries of a proposed project are
generally well organized, united by the potential gains from
development. Consequently, the willingness to invest
resources in an adversarial siting conflict is higher for
developers, the group with the highest stakes in the project.
Environmental laws notwithstanding, Olson’s work suggests that
project developers hold a natural organizational advantage
over public opposition to siting controversial facilities.

It is clear that different professional viewpoints,

values and beliefs, and interests give each individual



92
involved in a facility siting dispute a different perspective.
O’Hare et al. (1983) underline this observation as one of the
main points in understanding siting conflicts--each person
will have their own, unique vision of reality. When this
basic fact of conflicts is overlooked, yet another common
fallacy is revealed: "If only people understood the impacts of
this project as well as I do, they would see it exactly the
same way." Of course, if this were the case, there would be

no siting conflict in the first place.
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Chapter 4

AN ANALYTICAL FRAMEWORK

This chapter discusses the role of values and beliefs in
shaping institutional structure. Alternative institutional
structures imply different socially-efficient outcomes. The
changing environmental values and beliefs of the late 1960s
and the early 1970s led to a dramatic change in the
institutional structure which in turn affected the efficient
mix of environmental services and other goods. The
differences between the neoclassical and institutional
perspectives of environmental economics will be briefly
presented. These two different positions provide yet another
instance of conflicting world views which reemphasizes how
central different perspectives are to economic conflicts. A
conceptual social welfare model will be presented for
analyzing public policy under two alternative institutional
structures. Their corresponding ocutcomes will be discussed as
they affect the socially efficient output of two goods from a
scarce resource (i.e. Mt. Graham). And finally, the role of
power in natural resource allocations will be briefly

discussed.

Values and Beliefs

Values and beliefs are the most basic unit in the
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hierarchy of the economic process. Brewster (1970) defines
beliefs as the concepts people hold over what is to be given
importance, value, or respect. Beliefs guide individuals in
their evaluation of objects, ideas, actions, outcomes,
‘themselves, and others. Such evaluation allows people to
rank alternatives in their quest for higher levels of utility.
Values are the relative weights individuals attachrto their
various beliefs. For example, astronomers and ecologists may
both hold beliefs that astronomy and environmental
preservation are important, but the value (weight) each group
places on each activity is likely to be different. This is
especially the case when one of these beliefs is required to
assume a superior position in order to achieve conflict
resolution such as an astronomer who supports the ESA lobbying
in favor of the MGIO.

When there is disagreement involving value differences we
have what Brewster calls a policy problem. These problems can
be worked out through negotiated compromise where disputants
are bound together by some degree of common beliefs. This is
a common occurrence as the diverse values of a populace
compete for prominence in the political arena. A more
contentious predicament is a crisis problem which involves a
difference over fundamental beliefs. This occurs when a long-
dominant belief is challenged by an ascending new belief.

Crisis problems can cause serious social upheaval. Once the
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crisis problem is resolved, the emerging values and beliefs
create a new social order which alters the economic structure.
Consider the <transformations in economic structure of the
post-slavery U.S., Eastern Europe after the fall of communism,
- or Castro’s Cuba.

Because policy crises threaten political consensus and
stability, both command and market systems will go to great
lengths to avoid them. In this context, the MGIO conflict
represents a policy problem while the larger issues of global
biodiversity and environmental protection may eventually
become a full-blown crisis problem pitting the adherents of
the quiescent earth mentality (Swaney, 1987) against those who
believe that mankind’s activities must be regulated and
reengineered to avoid global ecological collapse*®. The
upcoming Earth Summit in Rio de Janeiro will bear witness to
whether a crisis or policy problem is unfolding in the area of
environmental concern.

Samples et al. (1986) showed that willingness to pay for
species protection is sensitive to information. Information

can influence values and beliefs and work its way through the

4. Swaney defines this term as the belief that humans are
incapable of overwhelming the Earth’s 1life support
functions or permanently altering its stability no matter
what level of neglect is inflicted; the assimilative
capacity of the planet and its atmosphere are infinite.
He quotes Robert Solo in summarizing this position: "the
biosphere is a depthless sewer ... [and] the earth
provides a bottomless well of resources."
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economic chain to affect the final demand for goods and
services. The explosion of information in the U.S. over the
last decade has had major impacts on the production and
consumption of goods by influencing values and beliefs. As
this information becomes available, it can change the very
nature of a good. For example, "dolphin-free" tuna, ivory,
tortoise~shell products (actually made from endangered sea
turtles), tropical hardwoods, and furs are not the same
products they were a decade ago before information on

biodiversity was plentiful in mainstream media.

Conflicting Values and Beliefs

Castle (1990) makes a case for philosophical pluralism in
managing natural resources. Because of the unique nature of
individual experience, total agreement over values and
beliefs is not possible. Natural resource conflicts are so
entwined with fundamental beliefs that they are unlikely to be
resolved by any single concept. Moreover, we need to be
assured that we share some common basic values with our
opponents for compromise to have appeal. Castle argues that
an effective system would allow for all viewpoints to be
presented in a productive manner with basic agreement focused
on process. This process must achieve some degree of
consensus on the difficult problem of whose interests (which

beliefs) are to prevail.
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Castle finds empirical support for four key beliefs that
need to be reconciled: 1) material well-being, 2) the
sanctity of nature, 3) individual rights, and 4) Jjustice as
fairness. An implicit assumption in democracies is that
there is a fundamental value core--however small--that is
widely agreed upon. The group decision making in democracies
does not require that the ends of all participants are
identical, only that they agree on the process of dispute
resolution. Castle’s focus on process emphasizes the
interdependency of means and ends; essentially, procedural
justice is crucial to resolving value problems in a democracy
because the concept of justice as fairness is the most common
area of agreement. With process playing such a key role in
resource allocations, multiple viewpoints are helpful in
bringing major issues into the open.

Castle claims that a primary belief in Jjustice as
fairness should be reflected in a society’s institutions;
unfortunately, beliefs in justice as fairness are obscured by
a lack of institutions which promote this ideal. Castle
mentions the exploitation of a power asymmetry which
disregards future generations as the main offense to this
ideal (Page, 1988). Exercising this asymmetry, the prevailing
viewpoint of the moment can dictate future conditions with
impunity, 1limiting the justice as fairness belief in an

intergenerational context. But this intergenerational
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outcome is but one symptom of the problem. Power asymmetries
are regularly exercised in a unilateral fashion to influence
whose interests are to count, potentially circumventing
justice as fairness in all time periods.

Castle further asserts that there is a feedback between
values and beliefs in natural resource usage; entrenched
values and beliefs influence resource allocation as continued
patterns of resource allocation in turn influence values and
beliefs. Norgaard (1985) concurs by adding that the view of
traditional economics promotes stock exploitation while
ignoring sustainability.

Castle concludes with a call for pluralism to reconcile
disparate views. Difficult choices need to be made. It is
counterproductive to battle over differences in values and
beliefs. As a society becomes more contentious, transaction
costs can overwhelm productive activity, further aggravating
differences through a negative feedback mechanism. To better
allocate natural resources we must focus on areas of
agreement, primarily the way we are +to resolve these
differences through collective decision making. Forging a
consensus on process will allow input from our diverse
viewpoints by recognizing our common procedural beliefs in

confrontations over our different visions of the future.
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The Rise of Environmentalism

In the late 1960s, the values and beliefs of Americans
began to undergo a significant transformation. Analysts of
public policy have shown a consistent shift in preferences
since the mid-1960s toward a greater emphasis on environmental
protection and quality (Caldwell, 1989). The social upheaval
of this period helped to loosen the grip of old beliefs and
facilitated the dawn of environmental awareness in the late
1960s (Nash, 1989). Information became available documenting
environmental destruction that could pose a threat to future
generations, shocking consumers long oblivious to the
ecological implications of their affluent, consumerist
lifestyles. As this information emerged, the very nature of
environmental goods was transformed. The field of ecology--
the relationship of organisms to their environment--emerged
and captured the interest of the country. Many of the new
environmentalists claimed Earth as the mother of all life with
interdependency recognized as basic ecological fact.

Prior to the late 1960s environmentalism had not been a
major issue. Few environmental lawsuits against the federal
government had been ruled on before 1969 and it was not until
1971 that two environmental law journals were founded (Liroff,
1981). But dramatic changes were soon to come. The passage
of the National Environmental Policy Act of 1969 was "the

first comprehensive commitment of any modern state toward the
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responsible custody of its environment" (Caldwell, p.8, 1989).
Environmental organizations formed, the first Earth Day was
held, and environmental law firms, international agencies, and
lobbies were launched.

As environmental values and beliefs blossomed, Congress
sensed a major political opportunity. This new demand for
institutional change to protect the environment was met by the
supply response of lawmakers eager to capitalize on shifting
public sentiment. The result was an explosion of
environmental legislation followed by a corresponded surge in
environmental law firms. In 1970 the Environmental Protection
Agency was created and given cabinet-level status. The NEPA
and ESA were enacted in 1969 and 1973 respectively, as were
other landmark laws governing air and water pollution. This
flurry of 1egisiative action-~driven by new information
instigating fundamental changes in the values and beliefs of
the citizenry--permanently altered the institutional structure
and nature of economic activity in the U.s. The rise of
environmentalism in modern market systems now ensures that the
consumer will not only determine the who, what, when, where,
and how many of production, but also how an item will be

produced--~the very heart of the process.

Institutional Structure

Understanding the central role of institutional structure



101
in economic transactions is useful in analyzing the
formulation of public policy. Institutions are the rules and
conventions governing human behavior in a society.
Institutional structure is the universe of these rules which
determines the basic economic conditions. Property rights are
an important subset of this structure comprising a complex
bundle of rules that regulates how property may be used. The
existence of well-defined property rights is widely agreed by
economists as necessary to facilitate efficient resource
allocation and avoid excessive deadweight loss. These rights
shape the available options to all members in an ecdnomy,
determining who can use and control access to property;
Explicit rules governing property and transactions reduce risk
in exchanges by providing reasonable expectations of present
and future economic conditions. Calabresi and Melamed (1972),
Bromley (1989), Griffin (1991), and Schmid (1987) discuss in
detail the nature and implications of this special bundle of
rules (e.g. property rules, liability rules and inalienability
rules) and the corresponding rights and duties involved.

By its very nature, public policy redistributes economic
advantage (Daly and Mayor, 1986); how and why this advantage
is distributed is a function of the prevailing institutional
structure. This structure defines the incentives that will
exist in a society: the opportunities and potential rewards

for rent seeking, the incidence of costs and benefits, the
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burden of transaction costs to settle claims, the ability to
shift costs on others, the choice sets of groups and
individuals, and the access to the power that enforces and
reallocates property rights.

Economic efficiency is itself a byproduct of the
prevailing institutional structure. Consider how the extant
institutional structure determines the production possibility
frontier (PPF) for two goods given a finite fesource base. 1In
the absence of all environmental 1laws, the possible
combinations of minerals and timber extracted from a national
forest would be much higher than the PPF of goods production
under the current institutional structure. In comparing these
two cases, it would not be accurate to call one frontier
efficient and the other inefficient. They are Pareto non-
comparable outcomes because of their different institutional
structures.

Both technical and economic efficiency are artifacts of
the institutional structure. Technical efficiency requires
that production is at any given point on the PPF; any interior
point is suboptimal. Economic efficiency implies that the two
products are being produced at the point on the PPF where
their relative prices are equal to the slope of the PPF.
Without safety standards and collective bargaining agreements,
more minerals and timber could be produced from a given pool

of labor, expanding the PPF. It follows that for any possible
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institutional structure there may be a different PPF for
minerals and timber production from a fixed supply (i.e. men,
not hours) of labor. The institution of slavery might mandate
a 100 hour work week with no benefits or safety standards,
further expanding the PPF. An alternate institutional
structure might grant labor the right to a four day workweek,
eight weeks of vacation per year, and high wages, contracting
the PPF for minerals and timber. Thus, the various
institutions governing worker safety, collective bargaining,
minimum wages, and benefits will shape technical efficiency.

Economic efficiency will also be affected by the
institutional structure as it alters the production functions
of minerals and timber. Different laws governing the two
products may change the relative price ratio of the products
by subsidizing domestic minerals and/or restricting timber
exports, thus changing the economically efficient combination
of the two goods. In democracies, the institutional structure
will be shaped by the values and beliefs of citizens as
determined by their legislators and interests with access to
the systemn.

In a similar vein, the values and beliefs of citizens
reflected through the institutional structure determine social
efficiency. The French may legislate larger subsidies to
protect small farmers while the U.S. farm subsidy system may

favor large operations. The two different average farm sizes
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may each be socially efficient given the different values and
beliefs of Frenchmen and Americans as reflected by their
respective institutional structures. Comprehensive national
health care for Canadians may be socially efficient for Canada
while current U.S. values and beliefs about socialized
medicine might make this outcome socially inefficient. Of
course, policy outcomes and social efficiency are related to
how well the prevailing institutional structure reflects the
values and beliefs of the public and the degree to which
narrow interests can shape institutional structure to capture
rents.

When economists say an allocation is efficient given the
institutional structure and income distribution, we are
implicitly assuming that the status quo allocation of these
two factors is not acceptable, but optimal (Bromley, 1989).
Economists who restrict their focus to the notion of economic
efficiency as the relevant and value-free concept for
evéluating policy options should be aware that this does not
provide a refuge from value decisions. Blaug offers,
"pPositive economics ...[is] said to be about facts and
normative economics about values" (1980, p.129). But the
values and beliefs that comprise each individual’s utility
function are the positive economic facts. Efficiency, be it
technical, economic, or social is not determined by inert

technical relationships and factor ratios (especially when
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nonmarket goods are involved) but by the values and beliefs of
individuals in a society evaluating what is important,
desirable, just, or worthy of respect.

Because policy inherently redistributes advantage,
society must choose whose interest to advocate and whether the
final outcome is satisfactory. The orthodox economist
advocating efficiency within the given initial conditions in
order to avoid value decisions is a normative advocate of the
status quo allocation of resources and institutional
structure. To not make ethical decisions by ignoring
alternatives to the status quo is to nonetheless make such
ethical -judgements. Swaney emphasizes that efficiency is
"thoroughly and inherently [a] value laden term (p. 1747,

1987)," as does Blaug (1980).

Because institutional structure determines the
content and distribution of choice sets, the inétitutionalists
surveyed here do not shy away from the inevitable ethical
decisions. Institutionalists attempt to address the
discrepancies that arise when technically achievable,
desirable outcomes deviate from observed outcomes. These
socially undesirable outcomes can be considered market
failures (USDA, 1973).

Ethical choices are necessary in the design and
evaluation of public policies. How well values and beliefs

are served 1is the issue and not efficiency; economic
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efficiency is but one social objective among many. The key
issue is how well outcomes from a given institutional
structure approximate social goals. And because any
institutional structure conveys access, power, and favor, we
cannot avoid this central question of what group(s) policy is
to serve. Even in its most noble and impartial functions, the
status quo institutional structure of the marketplace cannot

avoid the role of economic advocate.

Institutionalists and Environmental Economics

Bromley (1989) provides an overview of institutional
thought and the public policy process to assist economists in
evaluating different institutional arrangements. Because all
public policy actions are redistributive, efficiency
calculations are imbedded in the institutional framework which
determines the incidence and magnitude of costs and benefits.
With this perspective, institutional change is viewed as
coercion by groups with the power to use the state in their
behalf. Public policy is essentially about institutional
transactions which redefine opportunity sets and redistribute
economic advantage to those who can best access and make their
case to the rule makers. Opportunity sets are changed as laws
are adjusted to respond to economic threats and opportunities.
The inability of ©policies to achieve actual Pareto

improvements creates a "reciprocal nature" in institutions
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that "insures that restraint for one group is liberation for
another" (Bromley, p.37). The economic history of the U.S. is
replete with changes in the institutional structure that
eventually meant fortunes for one group and ruin for another.

These institutional transactions are viewed by Bromley as
the core of a dynamic economy. Technological innovations
motivate intérested parties to modify the existing
arrangements to successfully create and capture new economnic
opportunities by affecting policy outcomes. These new
arrangements provide an atmosphere conducive to the expansion
of entfepreneurial activity. This is a form of collective
action to redefine choice sets by responding to a realignment
of economic conditions.

The institutional perspective represented by Bromley,
Swaney (1987), Livingston (1987), and Norgaard (1985) is at
odds with the neoclassical perspective of determining
efficiency within a given institutional structure.
Neoclassical analysis rest on the gains from trade within a
given distribution. Efficiency calculations are undertaken
while ignoring other possible institutional arrangements and
initial resource allocations. This approach does not allow
the analyst to explore how alternate structures affect choice
sets and the resulting outcomes. However, alternative
arrangements might better serve social preferences bLy

addressing non-income or equity goals in addition to
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efficiency.

Swaney presents the institutionalist perspective as "an
organic, holistic world view" [emphasis added] (p. 1739) that
is consistent with ecology. This view explicitly recognizes
that man is completely dependent on the natural environment
for survival. Human actions undertaken with ignorance of the
numerous feedback loops between ecosystems and economic
systems frequently turn immediate private gains into long-term
social losses. "/Innocent until proven gquilty’ is not only
unjustified for production processes and life styles [with
damaging waste flows], but is a dangerous and thoughtless
approach perpetrated by outmoded habits of thought and
defenders of the status quo" (p. 1741).

Swaney finds market failure and irreversibilities the
rule due to the inability of the less powerful to express
their values and beliefs. The market is viewed as a squeezing
mechanism where the tastes and preferences of those with
superior resources give effect to scarcity and prices.
Resources flow to power from the powerless, including access
to the rule makers who can change the institutional structure
to redefine the allocation and content of choice sets.

Institutionalists claim that the neoclassical view on
externalities conceals and misleads; externalities, broadly
defined, are the rule and not the exception. They prevail

through the exercise of superior power where recipients are
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unable to secure relief. Cost shifting is pervasive and will
be pursued by any means in order to maintain a competitive
position. - When one considers that the status quo arrangement
is most often taken as given, externality sufferers
automatically have less power to bargain for institutional
transactions to transfer rights. Society’s total costs are
routinely increased by violators of ethical and legal rules
who find it privately beneficial to produce in this manner.
"Unethical or not, much of what passes for technological
advance is nothing more than well disqguised cost-shifting"
(Swaney, p. 1761, 1987).

Livingston finds institutional theory well suited to
evaluating environmental policy. She provides a survey of the
various contributions of neoclassical, public choice, and
institutional economics to this end. Like other
institutionalists, Livingston views rigid adherence to the
Pareto criterion as ill suited to policy analysis. Her
research shows the public choice school offers an important
contribution with the concepts of rent seeking and transaction
costs. These ideas assist in explaining how institutional
arrangements are maintained or modified. Structural changes
can be expected to occur when the private benefits of
institutional change exceed the private transaction costs.
With this rent seeking behavior, the desired structure of

rights can be expected to be conveyed through a market to the
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users who will receive the greatest gain. Livingston states
that although neoclassical and public choice schools use a
different starting point, they come to the same conclusion.
Public choice economists fail to see the deterministic nature
of initial endowments. Markets are essentially coercive with
the highest bidder ablg to influence the system. ability, and
therefore willingness to pay, is guided by the initial
endowments of rights and income.

Empirical evidence in natural resource allocations shows
institutional bias for individual pursuits over collective
goals, a reflection of the prevailing values and beliefs of
our society. This may help explain the continued support of
radical individualism in the U.S. long after this narrow
preference function has ceased to be socially productive. The
consequences of radical individualism are perhaps best
represented in the economic literature by Hardin’s Tragedy of
the Commons (1968). This is the social tragedy of individuals
optimizing overly-narrow utility functions which eventually
imposes costs on all members of society. Continued support
for individual goals is apparent in western resource issues
where interests wanting to extract commodities for private
gains are continually at odds with broader social interests
involving non-market goods. The surveyed institutionalists
conclude that environmental interests have achieved procedural

recognition, but this translates neither into administrative
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recognition nor socially desirable policy outcomes. More
often than not, "the outcome is determined by sheer political
or economic power, rather than by the integrity of the social
goals and interests pursued" (Swaney, p. 290, 1987).

Norgaard (1985) provides yet another critique of the
neoclassical world view. Like Castle’s plea for a pluralistic
approach to valueé and beliefs inherent in natural resource
allocations, Norgaard suggests adopting a pluralistic
perspective in environmental economics using elements from
institutional and neoclassical paradigms. Norgaard criticizes
the "Atomistic-Mechanistic" (AM) model of neoclassical
economics; he finds the term environmental economics an
oxymoron. The environment is a complex, interdependent
system; traditional economics focuses on the component-by-
component microscopic consideration of conveniently
disaggregated units. This ignores the concept of synergy--the
idea that the whole is much different than a simple
aggregation of delimited components. Markets failures are
pervasive because environmental systems are not divisible,
never reach an equilibrium, and human-induced changes are
often irreversible. In this context, we are reshaping reality
to fit the theory realizing that any shaped object can be made
to fit a round hole if enough wood is whittled off the
corners. Commenting on the extension of the neoclassical

paradigm to environmental concerns, Norgaard offers, "“Every
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model gradually becomes less appropriate as it is - applied to
questions further form those around which the model was
initially evolved" (p. 291). In the most extreme case, we are
guided by theory as to what is relevant instead of empirical
problems instigating theoretical constructs.

Norgaard claims that AM thinking has 1led to the
reinforcement of materialistic and individualistic values
which are responsible for the fragmentation of both social
structure and biological habitat. Radical individualism and
materialism threaten long-term sustainability by eroding the
integrity of socioeconomic systems which acknowledge
_interdependencies by emphasizing shared goals. Few would
argue with Norgaard that radical individualism is replacing
honesty, the work ethic, and concern for others, to the
detriment of all members of society. "Like social [and
economic] systems, environmental systems eventually reflect
the assumptions of the predominant world view. Environmental
systems have been ignored because they are assumed away in the
atomistic-mechanistic neoclassical view" (p. 392). Norgaard
concludes that multiple models with their inherent strengths

and weaknesses are the best we can do for now.

A_Conceptual Framework

Contrary to the claims of Gardner Brown, Jr., economists

may have a role to play in the analysis of the evolving
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interactions between ecosystems and human organizations. The
central role of institutional structure in the analysis of the
formulation of public policy surely falls within the purview
of economic analysis. By its very nature, policy
redistributes economic advantage in a society; how and why
this advantage is distributed is a function of the prevailing
institutional structure.

Figure 3 illustrates the foundations of an environmentel
conflict using a simple social welfare model (Bator, 1957;
Bromley, 1989). The production possibilities frontier (PPF)
(Panel A) represents the technically efficient combinations of
ecological services and astronomical services that can be
produced with a fixed resource endowment (i.e. Mt. Graham) and
a given institutional arrangement (i.e. FS multiple-use
mandate). I, and I, represent different structures of social
indifference curves derived from a social utility function
which reflect prevailing attitudes towards the bundle of
private, and public goods available in society. A and B
reflect the Pareto-optimal points associated with these two
alternative utility structures. With A, society prefers
relatively more astronomical services to ecological services;
with allocation B the converse is true. A and B are Pareto-
non-comparable outcomes because of the different endowments of
institutional arrangements.

A contract curve for two individuals in goods space, one
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FIGURE 3: A MODEL OF REALLOCATING RIGHTS ON MOUNT GRAHAM

Panel A: Multiple Use Relationships

Environmental Services

Astronomical Services

Panel B: Alternative Social Welfare Solutions
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preferring relatively more ecological services to astronomical
services (see A’ and B’), can be constructed for outcomes A
and B. These contract curves reflect the various levels of
satisfaction for the two individuals at varying combinations
of services within the choice set established by the Pareto-
optimal bundle. Points A and B represent the maximum
attainable level of satisfaction for the two preferences.
These contract curves can be mapped, A- and B-, into utility
space (Panel B). 1Individual X prefers the social indifference
curve associated with I, which gives relatively more weight to
ecological services. The utility function of individual Y
indicates a preference for astronomical services within the
given institutional framework and resource base. The public
policy process will use a social welfare function to determine
the allocation of ecological and astronomical services with
congressional action serving as a proxy for the values and
beliefs of the citizenry. Welfare function W, and the optimal
point A* coincide with allocation A in Panel A. In this case,
the interests of individual Y count more than the interests of
X. W, would give more weight to the interests of interested
party X.

The institutional structure can be evaluated on the basis
of whether it favors the maintenance of biodiversity through
an emphasis of ecological services or commodity production

(i.e. astrophysical research). W, reflects the relevant
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social welfare function revealed through the ESA, where
preference is given to ecological services over other types of
productive activities on public land which provide endangered
species habitat. However, special interests who share a
vision that is at odds with B- and B* can mobilize to alter
the institutional base which influences the shape of the
production possibilities frontier (Panel A). These actions
can realign the opportunity sets available to individuals X
and Y, making one a loser and one a winner in relation to B*.
Or a different structure of social indifference curves can be
negotiated through the public policy process thereby modifying
the Pareto-optimal allocation of resources. The Mt. Graham
siting controversy is a case study of just how tenuous B* is
when there is a conflict between existing laws and special
interests. The final outcome will be decided by which group
can muster the political muscle to sell its values and beliefs
to the rule makers where this view can be formally

incorporated by Congress into the institutional structure.

The Role of Power

"Power is inevitable if interests conflict. If
everyone cannot have what they want simultaneously,
the choice is not power or no power, but who has
the power. Power is the ability to implement one’s
interests when they conflict with those of others.
With respect to a single issue or resource, equal
power is impossible" (Schmid, p. , 1978)
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"The law, in its majestic equality, forbids the

rich as well as the poor to sleep under bridges, to

beg in the streets, and to steal bread" (Anatole

France, quoted in Bromley, p.37, 1989).

The institutional structure involved in the allocations
of public resources is a study in power. Commodity groups
exercise power in the political market to influence policy
(e.g. the Sierra Club, the Tobacco Institute, the Farm Bureau)
and capture rents. Groups with an ear in Congress will have
more power than those who don’t. Wealthy individuals can use
their resources to exercise power in ways unavailable to
consumers of more modest choice sets. Clearly, there is a
disparity in the endowments of market and political power.
Moreover, the vast majority of market exchanges do not occur
between economic equals. In this context, modern economics is
the theory of advantage (Schmid, 1987). Bartlett concurs,
adding that "... markets are but one element in larger and
more complete systems of power" (1989, p. 197).

Bﬁt the central role of power in economic outcomes is
frequently overlooked. For example, the Coase Theorem shows
that regardless of the rights structure, the presence of an
externality will be bargained to the optimal level given zero
transaction costs, perfect information, and the absence of
strategic behavior (Coase, 1960). Coase’s example uses two
producers, one of corn and the other of cattle. These two

farmers negotiate until the additional gain to the externality
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generator is Jjust equal to the additional damage to the
recipient. To use this theorem we have to adopt many
simplifying assumptions which are highly questionable or
empirically false, specifically the absence of power.

This example assumes that both the recipient and the
generator of the externality are producers. A more general
case would be a producer generating an externality through the
production process and a recipient who can best be classified
as a consumer. In this case, the assumption that the
recipient can bribe the producer with compensation to reduce
the level of the exterﬁality is based on the ability of the
recipient to pay a bribe. ‘If we further assume that because
they are both farmers and neighbors, they are also economic
equals, this does not present a problem. But empirical
evidence shows that many externalities are the pervasive
visitation of costs on those unable to fight their imposition.
Furthermore, strategic behavior is prevalent, information is
imperfect and not equitably distributed, transactions costs
are generally high, bargaining skills are not equal, and few
externality recipients can afford side payments. Essentially,
asymmetries between externality generators and recipients are
endogenous to the problem. aAnd these disputes involving power
asymmetries are frequently settled through the exercise of
superior power.

Externalities are stable where costs are shifted onto
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others who lack the institutional power to resolve or shift
them. Their persistence is facilitated by power asymmetries,
where recipients are at the mercy of the generator for relief.
Externalities generated by the powerless and affecting the
powerful are tenuous, at best. These unstable situations are
readily remedied by using coercion to incite government relief
or dollars to buy private action.

Thé existence of interdependent utility functions can be
denied when power conveyed through the status quo arrangement
allows generators to ignore social variables in the course of
production. Why reduce output (i.e private benefits) to limit
the costs imposed on others if the recipients cannot call on
the power of the government for relief? The relocation of
facilities dealing with highly toxic substances to communities
that lack the power to challenge their presence provides an
example of this phenomenon. When asked about development
interests participating with affected parties in a negotiated
settlement over externalities, an expert on conflict
resolution replied, "[when key interests are at stake, power
asymmetry is obvious, and ethical constraints are not binding]
Why should they?" (Lord, 1992).

Power can be expressed in many ways when unconstrained by
ethical considerations. Choice sets can be restricted, rules
can be imposed to set the agenda, information can be tightly

controlled to maintain asymmetries, and the outcome can be
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guided by controlling the process. Under extreme cases, power
can be exercised in the raw with one position unilaterally
changing the status gquo institutional structure through
compliant rule makers in order to create new opportunities for
narrow interests while mooting the 1legitimate claims of
others. This characterizes the process used in the MGIO
conflict after the ESA listing of the MGRS threatened the
siting of the astrophysical observatory. The endangered
species designation of the MGRS after the observatory proposal
was released can also be characterized as an attempt to create
opportunities for narrow interests.

Izac (1986) surveys the work of Laitos (1975) that
correlates the strong power of the beneficiaries of property
rights redefinition and the weak position of the losers by
studying the distributional impacts of property rights laws
enacted since 1900. Kelman (1983) showed that few policy
makers involved in natural resource conflicts have knowledge
of the costs and benefits of the property rights they are
redefining. The implication of these two studies is that
power and not net benefits 1is +the primary factor in
reallocating property rights. The result is that legislation
will favor the interests of the powerful while downplaying the
incidence and magnitude of the costs of institutional change.
The MGIO case supports these findings. Court rulings on the

AICA have befuddled lawmakers who are supporters of the ESA,
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showing that they did not understand the ramifications of the
AICA legislation when they passed it.

Unless both parties in a hostile conflict perceive power
symmetry, negotiation is unlikely. Power asymmetries in an
adversarial setting lead to confrontation, the exercise of
power, and domination. Power symmetry precludes this type of
heavy-handed behavior. The ESA case of the Grayrocks dam in
Wyoming offers an example of this point. Upset over the
costly demands of environmentalists, developers were
determined to complete the project without implementing
conservation measures. They were certain that if challenged,
they would prevail in court. When the environmentalists won
a surprising court victory, the developers suddenly reversed
their long-entrenched position and signaled they were ready to
compromise. It was only after a court ruling empowered the
opposition by equalizing the power relationship that
negotiations began (O’Hare et al., 1983). This case offers an
important observation in conservation/development conflicts:
The way environmental concerns are handled is a good indicator
of the status quo power relationship. Arrogance, threats,
terrorism, smugness, and refusal to negotiate signal the
presence of a power asymmetry.

With the ESA designation of the MGRS briefly equalizing
the power between the factions in the MGIO conflict, it looked

as though negotiation was unavoidable, as in the Grayrocks dam
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settlement. With this empowerment of the environmentalists,
neither group had the power to unilaterally dictate either
point A* or B* in Figure 3. However, rather than cooperate--
which would implicitly acknowledge the legitimacy of
ecological claims the UA continued to reject--the UA used
political muscle to alter the institutional structure and
restore their power-asymmetry to move away from point B*,

Unfortunately, mainstream neoclassical economics ignores
power despite its empirical role in natural resource
conflicts. Incorporating power into analyses of resource
allocations promises to bring more relevancy and richness to
theoretical constructs. In response to this dichotony,
Bartlett offers, "When power is introduced in economic
analysis, economic analysis gains real power" (p. 206, 1989).
Moreover, where power asymmetries prevail and ethics are
dominated by self interest, compromise and negotiation can be
ruled out. These conflicts will eventually be settled by
whichever group has the political and economic power to force
the other side into acquiescence. In this case, projects will
end up in the right location only when might is proportional

to right (O’Hare et al., 1983).
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Chapter 5
A POLITICAL ECONOMY ANALYSIS OF THE MOUNT GRAHAM

INTERNATIONAL OBSERVATORY FACILITY SITING CONFLICT®

Eleven thousand years ago the climate of the Southwest
underwent a major transformation as the Ice Age came to an
end. The continental glaciers retreated, isolating the
biological communities of non-migratory species on Mt. Graham
from the Mogollon Rim and other sky-islands in southern
Arizona. During this period of genetic isolation, the MGRS
evolved from the common Arizona red squirrel into a separate
and distinct subspecies. The Mt. Graham population now
represents the southernmost distribution of red squirrels in
North America. 1In 1884 the first red squirrel specimen was
collected from the mountain and scientifically classified as
Tamiasciurus hudsonicus grahamensis.

From the 1880s to the present, natural events, and human
activities have affected the MGRS and its habitat®. Mt.
Graham has been logged for one hundred years with commercial
logging continuing into the 1970s. Tree squirrels, including

5. See Rhodes and Wilson (1991) for a detailed chronology of
the events listed here. To avoid clutter, facts of the
story from this source will not be cited in this chapter.

6. I do not mean to suggest that human impacts are
"unnatural" when compared to other phenomena affecting
the MGRS. Though potentially misleading or confusing, I
use natural specifically to mean non~human impacts and
not to imply a valuation of one impact over another.
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the MGRS, were designated a game animal by the state in 1927,
legalizing their take by hunters. A road was built to the top
of the mountain in the 1930s, increasing human impacts on the
rodent. The Abert squirrel, a non-indigenous competitive
species, was introduced in the 1940s. 1In the 1950s, a large
fire on the mountain consumed some MGRS habitat. By this time
the squirrels were so few in number that a biologist studying
the area suggested that extirpation was likely. The term
extirpation was used because scientist were not sure the MGRS
was a distinct subspecies of the red squirrel. This fear was
assuaged when sporadic sightings were reported by FS personnel
in the 1960s. During the 1960s and 1970s the status of the
MGRS was questionable until continued low numbers convinced
the Arizona Game and Fish Department to list the squirrel as
threatened in 1976.

In 1960 the Multiple-Use Sustained Yield Act was passed
by Congress as the primary law governing the management
practices of national forests. This legislation modified the
relevant legal structure affecting public lands, providing
important rules and guidelines that would form the
institutional backdrop for the MGIO conflict. The law
mandates that the FS consider all possible values of the
public land it manages. Multiple use of the land is
emphasized with a preference for activities that do not

preclude other uses. As a prime example of utilitarian-
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inspired legislation, all uses that provide positive net
benefits to society are to be considered. This broad mandate
is one of the most difficult challenges faced by a federal
regulatory agency. While many regulatory bodies are single-
purpose organizations (e.g. the FWS), the FS must regularly
balance the conflicting wants of a myriad of interest groups
with very different values and beliefs. The combination of
broad guidelines and political appointees at the highest
levels of the FS provides much room for political philosophies
to affect administrative interpretation in implementing their
multi-objective regulatory mission.

As a case in point, the national forest 1land that
encompasses the habitat of the MGRS also meets the rigid
engineering criteria for ground-based astronomy. Given their
high, dark, arid, and cloudless environment, southern
Arizona’s sky-islands provide the sites for one of the most
significant collections of optical telescopes in the world.
Contributing approximately $84 million per year to the local
economy (Arizona State University, 1985), this critical mass
of scientific activity induced the development of a new
technology for casting the mirrors that gather light for
astrophysical observations. The Jjoint development of the
Multiple Mirror Telescope on Mt. Hopkins south of Tucson by
the UA and the Smithsonian confirmed that the UA’s new mirror

technology would allow the cost-effective production of the
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next generation of optical telescopes {Smithsonian
Institution, 1979). This technical innovation induced a shift
in the demand for the sky-islands of the Southwest that would
drive the entire facility siting conflict. With the cost of
large mirrors greatly reduced, finding a site where this
technology could be showcased became a priority for the UA’s

Steward Observatory.

Techrniological Change

By the 1970s there were two types of telescope mirrors:
solid mirrors for ground-based astronomy and lightweight, egg-
crate mirrors for space~based applications. The temperature
gradient between the telescope mirror surface and the
surrounding air mass had been a serious problem for the solid
mirrors used in ground-based astronomy. Unless these
temperatures were equal, the image would be distorted. When
the window of an observatory is opened, a solid mirror may
take several hours to equilibrate with +the outside
temperature, wasting valuable viewing time. Thus astronomers
required elaborate equipment to correct this error or a mirror
with a zero expansion coefficient. The materials that could
achieve this condition were extremely difficult to work with
and had an upper size 1limit around 3 meters (Steward
Observatory, 1992).

To address this problem, Steward Observatory experimented
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with a new material for telescope mirrors, Pyrex glass, in
their research on variations of the egg-crate design. By the
early 80s, they had developed two promising breakthroughs. A
new honeycomb design allowed air to circulate under the
mirror, thus eliminating the requirement of a zero expansion
coefficient. Additionally, this design made the mirror much
lighter than a solid lens while significantly slashing
production costs. The second breakthrough was also related to
the pyrex source material. At a certain temperature this
material became honey-like in consistency. It could then be
shaped into a deeply-curved surface in a mold. Further
refinements in the area of mirror polishing allowed these
curved mirrors to meet the exacting optical requirements of
astronomers. With this radically-curved design, the focal
length of telescope mirrors could be reduced by 67% (ibid.).

The implications of these innovations on telescope design
were enormous. The UA could now produce research-quality
mirrors for 25% of the cost of the solid mirrors. These new
mirrors were much lighter and did not require temperature-
adjusting equipment. Construction costs of the support
building were also greatly reduced because foundations did not
have to support the mass of solid mirrors. Furthermore, the
height requirements of the building were now 33% of previous
designs due to the reduced focal length. With the lighter

mirror and smaller building requirements, operating costs were
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reduced as well.

With the high costs of the o0ld technology, the
institutions that could afford proprietary telescopes
comprised an exclusive club. Other institutions were forced
to try and arrange time on scarce instruments that are heavily
oversubscribed (Office of Arid Lands Studies, 1985). With the
UA’s new technology, research-quality instruments are now
within reach of institutions that previously could not afford
them. The last 3-meter solid mirror cast in Germany cost $60
million. World-class research can be done with a mirror of
this size. Steward Observatory can now produce a 3-meter
mirror with a superior image and all the advantages of a
curved, 1lightweight design for $12 million, essentially a
vastly superior product at one-fifth the price. Moreover, the
Steward Observatory is now able to cast an 8-meter mirror for
the Columbus Telescope, a size that was impossible for the old
technology to produce at any cost (ibid.).

This innovation shifted the supply curve for mirrors from
the Steward Observatory to the right, representing the
greatly-reduced cost of mirrors (Figure 4). This was not an
industry-wide shift, but a supply shift by one manufacturer
that was now holding a monopoly in a key technology. As these
mirrors are produced by the Steward Observatory, the world
price may decrease, but it will not initially drop to the new

Steward Observatory price. At this new world price P/, the
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gquantity of mirrors produced by the UA increases from q, to q,
while other mirror manufacturers (i.e. Corning and Germany)
reduce their output. The UA is able to capture the
extraordinary rents represented by the shaded area. Industry
mirror output increases from Q, to Q, as the increased output
of the UA more than makes up for the decreased output of other
manufacturers.

The ecénomic opportunity created by this innovation is
extraordinary (shaded area of Figure 4). With the demand for
major observatories exceeding the supply by 300%, the shortage
of dark-sky time could singularly be met by the supply
response of the UA’s mirror lab. To meet this demand, the UaA
mirror lab has created a private spin-off company that will
use this technology to supply mirrors to other observatories.
This proprietary technology will not only earn the UA millions
of dollars in monopoly rent but maintain the Steward
Observatory’s position as the international center of
astronomy as well. By showcasing this technology on Mt.
Graham, the UA will attract the finest physics graduate
students in the world by offering viewing time on cutting-edge
instruments. This will improve the gquality and productivity
of faculty and solidify the program’s international
preeminence well into the next century, creating an
opportunity for a vertically-integrated scientific

conglomerate based on a technological monopoly. Steward
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Observatory has the technology, will design and build the
mirrors, will control the telescopes on Mt. Graham, and will
publish the research conducted on these instruments. But the
enormous potential returns to this innovation can only be
captured by keeping the scientists affiliated with this
proprietary technology at the university. And this can best
be achieved by developing a showcase facility with easy access
to the institution. The only bottleneck restricting the
realization of this economic opportunity was the prevailing

institutional structure governing Mt. Graham.

Siting Strategies: The Seeds of Environmental Conflict
By 1980 the UA had put together an international

consortium to study Mt. Graham as a potential astrophysical
site. Shortly thereafter, testing began on the mountain to
determine viewing conditions. Apparently, the FS kept the
idea of an observatory on Mt. Graham within a small circle; a
FS biologist working on Mt. Graham was puzzled in 1980 when a
Smithsonian astronomer hiking on the mountain showed him a
sketch of a massive astrophysical development the astronomer
said he was going to build there (FS, 1992). 1In 1982 the
Smithsonian regquested that the FS consider the sky-island a
future astronomical research facility of major national
significance. That same year the AGFD, under a request by the

FWS, began studies on three endemic mammals on Mt. Graham to
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see if they merited listing as endangered species.

The same FS biologist was again surprised in 1982 on Mt.
Graham. While doing some routine work on the mountain, he
found a crew with heavy equipment working on the road to High
Peak. With the ground wet from recent rains, the construction
activity was digging into the soft mud, fouling the delicate
watershed. Furthermore, this activity had not been authorized
by the FS. Startled that construction could be going on in FS
land without his Xknowledge, the biologist confronted the
workers. They were members of an Arizona National Guard unit
stationed in Safford that specialized in road construction.
Apparently, a Smithsonian astronomer had convinced them that
he had a good project for them to get some additional road
building practice. Never bothering to check for clearance
from the relevant authorities, the crew moved their equipment
up to the summit and was widening the road without a permit
from the FS when discovered. The astronomer apologized and
the crew spent the next several weeks restoring the damage to
the watershed (FS, 1992).

The environmental community was shocked in 1984 when the
UA submitted a draft plan to the FS for an 18 telescope
complex with support buildings, parking lot, and a visitors’
center. The Tucson chapter of the Sierra Club had earlier
given an oral commitment to the Smithsonian Institution to

support a 2-telescope facility on Mt. Grahanm. But
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environmentalists and other interest groups were not invited
to participate in the development of this preliminary
observatory proposal. And while environmentalists where
stunned by the scale of the project, they were not unaware of
the UA’s desire to put telescopes on the mountain. Plans for
a massive complex had been quietly under development for two
years before the one line in a-1982 draft of the Coronado
National Forest Land Management Plan mentioning astrophysical
sites was questioned by an interested citizen. Had this one
line not been brought to the attention of the public, the
comprehensive forest management plan would have been approved
in toto and the MGIO would not have required its own
Environmental Impact Statement (EIS) under the NEPA,
effectively shutting out public hearings. According to a
career FS official, this would have made the original 18-
telescope project a done deal (ibid.).

The FS recommended full development of the 18 scope
proposal in 1985, further alienating conservationists and
other interest groups. Even in its earliest stages, it
appears that the FS and the UA were ignoring the existence of
a joint wutility function and had chosen--consciously or
unconsciously--the Decide~announce~Defend model for siting the
MGTIO.

By mid-1985, sportsmen, environmentalists, and ecologists

had begun to form a loose coalition to oppose the MGIO.
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Individuals opposed to development on Mt. Graham began to
write letters to MGIO project partners warning them that
lengthy and costly litigation would eventually halt the-
project. The initial publicity over the development generated
a level of public interest that surprised the FS. In
response, the FS withdrew the proposed observatory from the
comprehensive forest plan and decided to analyze the MGIO
project separately. At this same time the AGFD forwarded
their completed biological study to the FWS recommending

endangered species status for the MGRS.

Biology and Uncertainty

It is important to understand the very different nature
and role of empirical evidence in physics and biology. There
are very few disagreements among physicists over the basic
mechanics and methodology of their science. Extensive data
sets and replicable experiments allow ready falsification of
weak theories and rigid testing of surviving hypotheses. This
allows for a precise methodology with a tangible demarcation
criterion that separates science from rhetoric.

on the other hand, biology is rife with uncertainty.
Many of the physical mechanisms of living organisms are poorly
understood at best as are the dense set of interactions among
organisms and their habitat. We have not even approached a

comprehensive catalog of the extant species on Earth. Ecology
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is a very young field that has demonstrated how vast our
ignorance of living systems is. Moreover, while it is
possible to conclusively prove a theory is false, it cannot be
logically proven that a theory is correct; a theory can only
survive repeated falsification until it is accepted. To this
end, MGIO ©proponents have repeatedly emphasized the
uncertainty and inconclusive nature of expert biological
opinions that have suggested adverse project impacts on the
MGRS. Astronomers have used this effectively in the conflict,
repeatedly asking for ‘"Yproof" of adverse effects and
conclusive data. The expert opinion of a biologist is not the

same thing as scientific fact (Steward Observatory, 1992).

The Environmental Studies: Controversy and Uncertainty

In December of 1985 the Environmental Data Report on Mt.
Graham was completed by a team of UA scientists (Office bf
Arid Lands Studies, 1985). Findings of this study did not
support project development and the report was subsequently
not released to the public. Later that month UA astronomers
aired threats in an interview with a Tucson newspaper that
cancellation of the MGIO would turn their department into a
museum, with top talent leaving for other institutions. This
rent seeking was punctuated by the emotive plea of one
astronomer: "Our life depends on that [FS] decision.®

Later in 1985 gaming entered the picture as the
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astronomers, in a display of good will, showed they were
willing to compromise. To address growing public opposition,
they unilaterally scaled the project back from 18 telescopes
to 13. A local Sierra Club member analyzed the new proposal
and found that the 6-instrument Interferometer had now been
considered as one instrument in the new proposal, thus
creating a "smaller"™ project through simple redefinition.
O’Hare et al. (1983) caution against withholding crucial
information or promoting disinformation as it can be very
damaging when eventually discovered. This one episode
illustrates their point as the discovery of the Sierra Club
added fuel to the fire of initial distrust that started with
the original 18-telescope proposal.

Recognizing that the presence of an endangered species
could threaten the future of the MGIO by changing the relevant
institutional structure, the UA administration and Steward
Observatory astronomers began a public relations effort aimed
at preventing the 1listing of the MGRS. In lieu of the
listing, a squirrel conservation plan was offered at public
hearings by university administrators. The UA President used
an interview with local journalists to warn that listing the
MGRS might produce a loss to science, attempting to rally
support for the project by capitalizing on the public’s value
of scientific endeavor. Later in the conflict, the university

would repeatedly deny that they attempted in any way to
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preclude the ESA 1listing of the MGRS. To this day,
astronomers continue to assert that they never opposed the
listing. At this stage, the administration began to develop
their "scientists versus the treehuggers" public relations
campaign. Realizing that Steward Observatory did not have the
required legal and public relations expertise for this now-
controversial project, the UA administration took over as the
project proponent in August of 1986.

In October of 1986, the FS issued a draft EIS (DEIS)
based on 5 telescopes on 7 acres; however, the UA continued to
push for their original 13-scope plan. Concerned over the
disparity between FS and UA plans, the entire Arizona
congressional delegation-~~in a clear expression of power--sent
a letter to the chief of the FS expressing their concern over
the limited recommendation of the FS allocation. At this time
Morris K. Udall (D-a%Z) was the state’s senior U.S.
Representative and Chairman of the House Interior Committee.

The conflict over differences in social welfare functions
reached a new, and higher level of intensity in 1987 as the
DEIS was deemed inadequate by the Interior Department.
Failure to consider alternative sites, a lack of mitigation of
irreversible impacts and an incomplete assessment of past and
future cunmulative impacts were specifically cited by an
environmental affairs specialist in the department. The

letter outlining these objections to the FS closed with a
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warning that the FS’s 5-scope Preferred Alternative (PA)
constituted a "resource conflict of national significance."
Concurring with the Interior Department, the AGFD sent a
critical 25-page report to the FS claiming the DEIS overtly
favored the "special interests" of the Steward Observatory.
The report concluded the MGIO "will inflict long-term damage
to Mt. Graham" and violates the NEPA. But these two agencies
were not the only parties to the conflict that found the PA
lacking. The UA responded that the PA of 5 telescopes did not
constitute a viable observatory and had been issued without

prior review by UA astronomers.

The Relevant Institutional Structure Changes
In June of 1987 the MGRS was officially designated an

endangered species by the FWS. Curiously, hunting of the MGRS
was made illegal in June of 1986, one month after the FWS
published the notice of intent to list the MGRS under the ESA.
However, the MGRS was never a prized target of hunters. Like
most endangered species, habitat destruction is the primary
extinction threat to the MGRS (Office of Arid Lands Studies,
1985).

The ESA listing of the MGRS caused a dramatic shift in
the institutional structure and the relative power endowments
of the opposing groups. The opposition now had the full

weight of the ESA as an ally, considered by many to be one of



139
the most powerful environmental laws in the world. This
inalienability rule granted existence rights to the MGRS and
protection of its critical habitat. Under the ESA, the impact
of a project on a species’ status may be contested solely by
biological data; all social and economic considerations are to
be excluded. The MGIO conflict now centered on the effects of
the project on the MGRS’s critical habitat. With this
dramatic shift in the relevant institutional structure
affecting the sky-island, proponents were now faced with an
extremely serious threat to project development. The initial
power asymmetry that existed between the opposing factions had
now been tempered by the introduction of the ESA into the
conflict. Opponents now hoped they would be able to stop the
MGIO and protect the summit ecosystem by using the endangered
squirrel as an "umbrella species."

In June of 1987 a Biological Assessment (BA) of project
impacts on the MGRS was completed by the FS, Under the ESA,
a BA must be prepared by the lead federal agency and delivered
to the FWS for analysis. The BA concluded that the PA "may
affect the continued existence of the MGRS through adverse
modification of suitable habitats, including proposed critical
habitat." After completing this study, the FS biologist who
wrote it took a three week vacation. When he returned, all
500 copies of the BA had disappeared and the 30-year FS

employee was reassigned to other duties (FS, 1992). A young
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biologist who was just beginning his career with the FS was
assigned to the job of preparing the new BA. During this
period the UA continued to challenge the PA’s 5-scope project
but scaled down their request from 13 scopes on three peaks to
10 telescopes on two peaks.

In August of 1987 a draft Biological Opinion (BO) was
prepared by the FWS and sent to the UA. BOé are written by
the FWS using the BA created by the lead federal agency in a
project. A BO is an ESA requirement that determines whether
a project may proceed in the vicinity of an endangered
species; as such it carries enormous wéight in determining the
final outcome of a proposed developmenﬁ. Following this
procedure, the MGRS BO was written by the FWS using data from
the new BA provided by the FS. The draft BO concluded the PA
"is likely to jeopardize the continued existence of the
endangered" MGRS. The UA protested the contents, claiming the
recommendations do "not provide for or allow a viable, cost-
effective research facility." In response, the Regional
Forester in Albuquerque suspended consultation with the FWS
and notified the UA that he was awaiting a formal description
of a "minimum viable observatory." As the FWS, FS and UA
continued to spar over the BO, the Arizona congressional
delegation sent a letter to the FWS urging them to support the
astrophysical development.

In October of 1987 the FS received the minimum viable






