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Abstract : Monitoring humankind's activitiesis common, for example, intensive care patientsin
hospitals, pharmaceuticals, food supplies, industrial processes, and economic health. Basically,
monitoring is used to confirm that previously established quality control conditions are being
met. If they are not, remedial measures are taken promptly. Monitoring for sustainable use of
the planet will be orders of magnitude more complex than the systems just mentioned, but the
principle remains the same - afeedback loop providing information about the system of concern
is essential to verify that the system is functioning within acceptable limits. The absence of a
sound monitoring system significantly increases the probability of unpleasant surprises. Since
humankind must live sustainably for at |east several generations to increase confidence that its
practices are sustainable, the development time for the monitoring system will be extensive.
Choosing the attributes to be monitored will be challenging, and the synthesis and integration
of such diverse information will require much skill, especially in communication. However, the
computer age makes coping with vast amounts of diverse information possible for the first time
in human history. Paying attention to seemingly inconsequential components of sustainability,
such asindividual commitment, has merit.

Key words: Sustainability monitoring, Resource wars, Environmental quality control, Information
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Nothing puzzles me more than time and
space; and yet nothing troubles me less, as| never
think about them. Charles Lamb

A small leak will sink a ship.
Benjamin Franklin

Limitations of the Human Brain
Homo sapiens has been, for most of
itstime on the planet, a small-group species
with a low population and a period of
comparatively dow change. Pursuit of self
interest has been beneficial to both the
individual and the species. Szent-Gyorgi
(1962) has commented that the human brain
isan organ of survival: humans searched for
food, mates, shelter, and favorable habitats
to gain advantage. They could only influence
and be affected by events of relatively small

scale. At present, humans livein gigantic
groups in an environment quite different
from the one in which they evolved. To
further complicate decision making, the
perception of risk isnot proportionate to the
probability of damage. For example, the
United States has been obsessed with
terrorism since the tragic events of 9/11, but
isrelatively unconcerned with globd climate
change that has been accelerated by
greenhouse gases produced by human
society. Yet, the terrorists on that tragic day
only killed thousands of individuals, whereas
magor climate change might well kill billions
by adversely affecting such things as
agricultural productivity, sealeve rise, and
so on. Worse yet, humankind is not
equipped by evolution to personally detect
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radioactive materials, persstent pollutants,
and greenhouse gases.

Persons now dive arethefirgt in human
history to experience a doubling of the
number of humans on Earth within asingle
life time. Many natural systems that
individuals played in as children have been
replaced by human artifacts (e.g., housing
developments, shopping malls). Even with
these losses, exponentid rates of change are
now considered "normal.” Ehrlich (1968, p.
18) has described a hypothetical situation
that would exist if the human population
doubled every 37 years for 900 years - a
finite planet would have to house
60,000,000,000,000,000 humans, or 100
individuasfor every square yard of land and
ocean surface. Ironicaly, personswho favor
perpetual exponential growth on a finite
planet consider themselves conservatives.
Scientists, such as Ehrlich, who use smple
arithmetic to estimate what the continuation
of present practices might produce, are
labeled "prophets of gloom and doom™ by
"consarvatives." Of course, Earth's carrying
capacity for humansiswell below 60 x 10,
S0 unpleasant events such asfamine, disease,
resource wars, and so on will ensure that the
population levels decline at some point. The
guestion is: what should be monitored to
provide information that human senses do
not detect so that humankind can live
sustainably? Science and technology will not
be useful unless humankind develops anew
set of ethical guidelines and uses them to
make a mid-course correction in the
economic, social, and political practices of
contemporary society.

Definition

Monitoring is surveillance undertaken
to ensure that previously established
conditions are being met. Although

monitoring need not be continuous, it must
be carried out in an orderly and systematic
way for the appropriate timeinterva since
sustainability implies use for an indefinite
period of time. Evenif theinformation shows
variation within acceptable limits, monitoring
must continue to ensure that no malfunction
goes undetected. A signal that the system is
not functioning within acceptable limits makes
immediate remedia action essential. Such a
signd usualy isfollowed by increased data
gathering to determine the cause of the
mafunction.

All monitoring systems generate false
positives and fase negatives, especidly inthe
early developmenta stages. A false positive
indicates something iswrong when nothing
iswrong. A fse negative indicates variaion
within acceptable limits when these limits
have actualy been exceeded. Theimpact of
both false positives and fal se negatives can
be reduced by information redundancy,
which provides confirming evidence on the
vdidity of thesgnd.

The Primary Goal of Sustainability
Monitoring

Sustainable use of the planet requiresa
healthy biospheric life support system that
consigs of natural capitd and the ecosystem
sarvicesit provides. Holl and Cairns (2002)
have provided an overview of monitoring and
appraisa with particular focus on restoring
damaged ecosystems. Cairns (2002a)
discusses monitoring the restoration of natural
capital for both land and water ecosystems.
Since most of Earth's ecosystems have
suffered some anthropogenic damage, this
topic is important because repairing
ecological damage will increase natural
capital and the dependability of ecosystem
services. In addition, various endpoints or
attributes can be used in monitoring both
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healthy natural systems and those being
restored. More detailed descriptions of
methods and procedures are given by Cairns
and colleagues (1977, 1982). An early
discussion of rapid biological information
gysemsisaso avalable (Carnset al., 1970,
1977). These early publications are
mentioned because not much attention has
been given to automated, rapid biological
information systems, which should be useful
in achieving sustainable use of the planet.

Information Balancing

The plethora of information from
monitoring the world's economy (e.g.,
criteriasuch as consumer confidence, inflation
rate, monetary exchange rates, stock and
bond prices, unemployment rate, housing
starts, trade balances, etc.) is given daily
attention by the news media and a number
of sourcesthat focus primarily on the hedlth
and condition of the economic system.
Discovery of any unfavorable trends usudly
produces immediate remedial action,
particularly at the nationd level of developed
countries and institutions such as the World
Bank. Second- and third-world countries
have |ess sophidticated systems, and remedid
actions are often blocked by powerful
political forces. However, most of these
countries use the methods and procedures of
devel oped countries as modelsfor improving
their capabilities.

The hedlth of the economic systemisan
obsession for most of the world's |eaders,
while the health of Earth's biospheric life
support system receives comparatively little
attention. This imbalance does not seem
rational since a persuasive case has been
made for natural capital asthe basisfor all
other forms of capital (Hawken et al.,
1999).

Preparing to Monitor for Sustainability

M otivation

Monitoring is widely practiced in
developed countries and is expanding in
third-world countries. The need for
monitoring in ahospitd intensve carefacility
is abundantly clear - the patient isin critical
condition. Qudlity control monitoring of food,
pharmaceuticals, and airplanesis also taken
for granted because the general public and
its leaders have witnessed the consequences
of inadequate quality control. Similarly,
quality control monitoring in industry,
especially of electronic components, is
intense and continual.

Why then isquality control monitoring
of Earth's biospheric life support system met
with gpathy? Most likely, it is not viewed as
asystem but rather as its component parts
(eg., trees animds, etc.). Incitiesand highly
urbanized areas, persond contact with naturd
systems is rare and, even then, often for
recregtiona activitiesand not asacriticd life
support system essential to human survival.
Natural capital and the ecosystem services
it provides are essentid to sustainable use of
the planet (e.g., Daily and Ellison, 2002).
Although environmenta change on Earth has
been the norm for approximately 4 billion
years, it was due to natural causes over
which humans hed little control. Even though
hominids have altered the environment for
about 4 million years, the most radical
anthropogenic changes (in rate, scale, and
intensity of change), were most dramatic in
the 20th century (e.g., McNeill, 2000) and
have continued into the 21st century. This
unique Situation makes monitoring both more
difficult and more necessary. An essential
exercise is to determine which trends are
unsustainable (e.g., exponentia population
growth) and which are sustainable (e.g.,
development of aternative energy sourcesto
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replace fossil fuels). Metrics such as
exponential population increase, global
heating, ozone hole size, damage to coral
reefs, loss of tropical rainforest, topsoil
depletion, and the like already have robust
scientific data upon which to make a
decison. What islacking isthe will to make
decisons. Waste emissionsinto the air from
industry and automobiles exceed emissions
from al the planet's vol canoes. Ecological
disequilibrium resulting from humean activities
will result in avariety of changes, including
gynergigtic interactions, that make Earth less
habitable for humans and many other Soecies.

Connecting the Diver se Webs

Since humankind does not yet redizeit
isapart of natural systems and dependent
upon them, communications about
environmenta problems should be based on
the specia groupsthat perceive themsalves
asindependent from or weakly linked to the
planet's biospheric life support system. The
biggest threat to humankind is not terrorists
and weapons of mass destruction, but the
rapid impairment and destruction of the
biogpheric life support system. The quest for
sustainable use of the planet adds another
ethical responsibility - to leave a habitable
planet for posterity.

In this discussion, theword web is used
to emphasize that major, special-interest
groups have avariety of agendas, many of
which have important shared components.
Multi-national corporations may competein
advertising campaigns, but often share an
interest in chegp labor. Individud citizensadso
have special interests, but share quite
predictable, strongly held "needs’ and
demands. The demand for low taxesisvery
important in the United States - the first US
President Bush made a widely quoted

statement: "Read my lips - no more taxes."
Citizens often have unreasonable
expectations of politicians, such as better
schools and roads, with no increasein taxes.

The political web is another complex
system. While the corporate web shares a
quest for wedlth, politicians focus on power.
Seidel (1998) presents a superb, detailed
andyssof theseissueswith avery useful set
of references.

The fourth web is the interdependent
web of life - natural systems and the
ecosystem servicesthey provide. Thisoneis
the most important because humankind
cannot survive without it. Ironicaly, thisweb
isthe one receiving the least attention, with
serious threatsto itsintegrity.

Sustainable use of the planet requiresa
mutualistic interaction between and among
the four webs, but serious obstacles exist to
thisinteraction.

(1) As Seidel (1998) points out, most
of humankind's serious problems are not
receiving attention because politicians would
be required to take actions that would dmost
certainly weaken the support of special-
interest groups and weaken their aliances
with them.

(2) Corporate executives are focused on
profits, competition, production problems,
emergencies, and the like. Events in the
United Sates at the beginning of the 21st
century suggest that some executives have
not given their organizations the integrity
expected of leaders. Simon (1976) remarks
that executives are aware that they are
dedling with greatly smplified modds of the
"real world" and are not disturbed by this
realization because they perceive that most
of this information has no substantive
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Fig1: Mapping theInformation Flow for Ecological Restoration

relevance to the problems that they face.
Many issues require expedient solutions, but
others, such as sustainable use of the planet,
require reflection and a high degree of
literacy about complex, long-term problems
confronting humankind. US Senator Gore
(1992) observed that the most one can
expect from the political processfalls short
of minimd requirementsfor effective action.

Waiting for the Four Webs to
Communicate Effectively

If Boulding (1981) is correct, the skills
that enable individualsto acquire the power
of leadership make them unfit to exerciseit.
In the 2004 US Democratic primaries, one
individual expressed his preference for a
candidate asaguy hewould fed comfortable

drinking a beer with - in short, voters elect
people they can understand rather than vote
on the basis of leadership qualities. When
the future of posterity becomes an important
issuein an election, perhaps a paradigm shift
will be underway.

Although (or even perhaps because of)
the United States is the nation-state
contributing approximately 24% of the
planet's anthropogenic greenhouse gases, the
findings of mainstream science have had little
or no impact on political, corporate, or
persona decisions until the last few years
when global heating (warming sounds too
cozy) has received much attention. Human
activities, epecidly use of fossl fuels, cause
asignificant increase in greenhouse gases.
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Mot globd hesting over thelagt haf century
is most probably due to the increase in
greenhouse gases. After accounting for
uncertainties, global average surface
temperatures are projected to increase by
1.4105.8° C (2.7 to 10.4° F) between 1990
and 2100. These conclusions were reached
by the Intergovernmenta Panel on Climate
Change (2001) and confirmed by the US
National Research Council (the operating
arm of the US National Academies of
Science and Engineering) (2001). More
recent reports from the Intergovernmental
Panel on Climate Changein 2007 are getting
much more attention than earlier reports.
Despite the prestige of both scientists and
organizationsinvolved in these reports, their
credibility has been questioned by US
politicians. The resultswere quite different in
Europe, but the important factor isthe lack
of political leadership to address the
problem. Under these conditions, neither
corporations nor the majority of private
citizensarelikely to consider globa climate
change amgjor problem. Until the Situation
improves, scientific information will not
markedly affect political decisons.

Interim Sustainability Monitoring
The most effective way to achieve
sustainability is to eliminate or reduce
unsustainable practices such as exponential
growth in population and resource use,
destruction of natural systems and the
servicesthey provide, reduction in the size
of both national and personal ecological
footprints, development of dternative energy
sources, and the like. Since interest in an
issueisinversdly related to the tempord and/
or spatial distance involved, working on
local sustainability goals should be
worthwhile. Two illustrative measurements
that can be gathered locally or regionally

are: (1) abird census - Bird watchers are
everywhere! The Audubon Annual Bird
Count, or something similar, has both short-
and long-term advantages. Loca or regiona
bird clubs are also useful; (2) ecological
footprint size - Most individuals are
unaware of critical measurement. A number
of websites offer measurements for
ecological footprint size: http://
www.earthday.net/footprint; http://
www.|ead.org/leadnet/footprint/
results.CFM;  http://www.mec.ca/
Apps.ecoCalc/ecoCalcHousing.jsp.
Obvioudy, monitoring changesin ecologica
footprint size, both + and -, are important
to achieving sustainable use of the planet.

Some other illustrative practices of
human society worth monitoring follow.

(1) Does human society have an ethos
(i.e., aset of guiding beliefs) regarding its
relationship with naturd systems?

(2) What is the rate of population
increase (i.e., natural births + immigration
[both legd and illegd])?

(3) Isthere an efficient, safe, economica
means of public transportation that is used
on aregular basis by amagjority of citizens?

(4) What istheratio of environmental
repair (i.e., ecological restoration) to
environmental damage?

(5) Has a bioregional plan been
devel oped and implemented?

(6) What percentage of energy useis
based on renewable sources (i.e., wind,
solar, tidal, etc.) and are plans being
devel oped for reducing use of fossl fuels?

(7) What istheratio of recycled waste
(cans, newspapers, etc.) to total waste
generated per household and per bioregion?
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(8) To what degree are the needs of
posterity considered?

(9) Is human society willing to alter
behavior and lifestyles to protect natural
sysems?

(10) Areindividuas, corporations, and
communities willing to give up short-term,
economic benefits to protect a habitat that,
if logt, might result in theloss of one or more
species?

(11) Is there a commitment to co-
operate with other countries to avoid global
heating and other global environmental
problems?

(12) Is there a reverence for both
human and non-human life?

(13) To what degree do citizens accept
responsibility for their own descendants?

(14) Is there a massive disparity
between the lowest paid workers and the
highest paid corporate executives?

A lossof integrity and ethoswill inevitably
result in dysfunctiona ecosystems. Natural
sysemintegrity probebly will not surviveinthe
absence of a mutualistic relationship with
humean society. Humans cannot extinguish life
on Earth without serious, perhgpsfatd, effects
on human society. Boulding (1977) remarks:
"It may be, therefore, that evolutionary
sustainability is a different matter from the
sustainability of any particular system (and
one might add species) within the process,
for though dl particular sysemsmay become
extinct, the evolutionary process may go on."
This hypothesis seems plausible, and, if one
accepts it, presents acompelling reason for
cherishing and preserving the system so
favorable to Homo sapiens for as long as
possible.

What Humans Per celve

Orngtein and Ehrlich (1989) remark that
afrog gitting in apot of water that is heated
dowly will say there until heet killsit, unlike
afrog thrown into boiling water that will
attempt to escape. The lesson is that, if
changeistoo gradud or too smdl, it will not
register. Humans do not appear to differ
dramaticaly from frogs since, despite having
larger brains, they have not devel oped adeep
global concern about global heating. The
connection between combustion of fossi
fuels and global temperature increase has
been noted since 1986 (Arrhenius), but,
despite amassive increase in data supporting
this hypothesis (Intergovernmental Panel on
Climate Change, 2007), someworld leaders
essentially disregard the information.
Humankind could vastly expand its
perception of the planet's natural systemsif
scientific information were better understood
and acted upon.

Early in my professional career, |
witnessad the hodtile trestment given by Rachd
Carson (1962) when she remarked that
pesticides were having widespread adverse
effects on avariety of species. Slent Soring,
now adassc, represented adefining moment
inthe field of ecotoxicology, but, asayoung
research invedtigator inthisfield, | had serious
doubts about my ability to endure the
widespread attacks upon her credibility and
integrity inthe news media Regrettably, Carson
died of cancer in 1963, till being denounced
asunscientific and a"scaremonger.” Carsonis
now revered and honored, but she should not
have had to endure the ridicule and attacks on
her scientific integrity that shedid. No scientist
should be required to endure persond attacks
for merdy reaching condusionsthat pedticides
arehazardous If monitoring for sustainaility is
to become away of expanding the perception
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of theworld, beerersof displeasnginformation
cannot be humiliated.

I nformation Overload

Inthefirst haf of the 20th century, only
arelatively few professionasin chemistry,
sanitary engineering (now environmental
engineering), and biology were interested in
the response of natural systems to
anthropogenic pollutants. Using asingle
species for toxicity testing was then
congdered "cutting edge.” Toxicity testson
one species should not have been
considered a reliable predictor of the
response of millions of other species, yet the
battle went on for many years (e.g., Cairns,
1983). Humankind appears to be making
comparable mistakes concerning the effects
of anthropogenic practices upon ecosystem
services at a global level. Both natural
capital and the ecosystem services it
provides are at serious risk, but little effort
is being made to determine how close this
ecologicd life support sysemisto collapsing
or going into disequilibrium.

As Campbell (1989) remarks. "Our
everyday reasoning isnot governed primarily
by the rules of logic or probability calculus,
but dependsto asurprisingly large extent on
what we know, on the way knowledge is
organized in memory and how such
knowledge is evoked." When humans were
ingmdl groupsand intimately associated with
their resource base, their knowledge had to
be gppropriady organized or they would lack
food, shdter, and warmth and either died and/
or had few or no descendants. Even if they
had appropriate knowledge about their
resource base, they gtill had to avoid predation
and/or disease. In short, human ancestors had
an effective monitoring system that permitted
long-term survival as asmall-group species.

Now humans live in comparatively
enormous groups without an intimate

Preparing to Monitor for Sustainability

relationship with their resource base and
often without an adequate knowledge of the
diseases that threaten them (e.g., AIDS).
Logic was not a sine qua non for remote
ancestors and is not humankind's forte now,
or it would not be making such ineffective
efforts to live sustainably. Humankind's
previous knowledge was based on local or
regiona systemsfor which valid or invalid
information elicited asignificant, immediate
response. At present, economic information,
particularly economic growth, dominates
human actionsto apoint where environmenta
information about such issues as global
hegting , the dangers of perpetud exponentia
growth, species extinction, and the planet's
carrying capacity for humans are either
ignored or derided. "Tunnd vison' (Pattelli-
Pamarini, 1994) isthe norm; halidtic thinking
is the exception. As Ornstein and Ehrlich
(1989) remark: humankind's brain is both the
source of the problem and its solution.
Learning how to balance options effectively
isagood starting point. Isterrorism as great
athreat to security as globd climate change,
exponentid population growth, pollution, and
excessive demands on finite planetary
resources? As aways, funds, personnd, and
technology are limited and should be directed
to the monitoring of high risk situations
instead of those emotional issues that are
distasteful, even repugnant, but less of a
threat to humankind's survival. Emotions
cannot dominate monitoring if itisto bea
successful quality control system.

M aterial Possessions and
Sustainability
Oneof the biggest obstadlesto achieving

sudtanability in wedlthy countriesisthe satus
associated with abundant materid possessons.
Curioudy, advertisements promote purchase
of amass-produced car as an expression of
individudity when it isan atempt to conform.
During the"flower child"/"hippy" erain the
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United States, colleges|abeled aprofessor in
asuit and tie or dress asaconformist, when,
infact, the mgority of sudentswere wearing
auniform - bluejeanswith holesin the knees
and ragged trouser cuffs. The dudentsdiffered
from society asawhole, but conformed to a
dress code of their own. Fromm (1941)
remarked that what people perceive as
individudity isin redlity an attempt to conform.
However, conformity might favor sustainable
use of the planet if a paradigm based on
materid possessions shifted to aparadigmin
which status and honor are based on
dedication to sustainable practices. Onething
iscertain, humankind will not choose the most
useful attributesto monitor until the obstacles
to selecting the most appropriate ones are
recognized. First, individuals must make
choices based on asense of kinship with other
members of the human species and the other
life formswith which they share the planet.
Second, individuals must acknowledge that
incremental changes, not easily perceived,
may have mgor effectsthat should beamgor
concern and, thus, should be monitored.
Third, humans must acknowledge that any
exponentia change can become dangerous
very quickly. Fourth, when change occurs
more rapidly than normal, feedback loops
may not be effective. For example, Wilson
(1996) estimates that the number of species
on the planet isbeing reduced a aratethat is
100 to 1,000 times more rapid than in pre-
human times. Evolution can cope with mass
extinctions over huge spans of time, but Homo
sapiens may not survivethis chalenge. Fifth,
humankind must cease dlowing governments
to alter or ignore science in their policy
decisions (e.g., Union of Concerned
Scientists, 2004). The US Pentagon Report
(Townsend and Harris, 2004) warns that
abrupt climate change could bring the planet
to the edge of anarchy. Sixth, the crucid role
of moral philosophy in education for

sugtainability must be given gresater atention
(e.g., Nath, 2003). Seventh, the costs of
conservation, including monitoring, should
receive more attention, particularly natural
capital (e.g., Hawken et al., 1999) and
ecosystem services (e.g., Daily and Ellison,
2002). Eight, humankind needs to control
emotional drives better. Wars begin easily,
destroy naturd capita, and make profligate use
of resources (e.g., Cairns, 2003). As the
United States has found in the 21st century,
the conventiona warsin Afghanistan and Iraq
were over quickly; however, sectarian
violence continued and rehabilitation of the
infrastructure and stabilizing the political
systems appear likely to require at least an
order of magnitude moretime, many lives, and
enormous sums of money. Wars are
destructive, and sustainable practices are
constructive. Money spent on wars would
better be utilized to achieve sustainability.
Ninth, biological evolution selects for
competition, but the social evolution that is
needed for sustainability must be directed
toward mutualistic relationships. Tenth,
sustainable use of the planet requires more
expertisethan asolitary individud can achieve.
Political |eaders often cannot avoid showing
favoritiam to contributors of huge amounts of
money to campaign funds because the
politician expounds a certain philosophy.
Favoritism hampers consilience (literaly,
legping together) of gpecid interest groups, the
generd public, and the environment. Eleventh,
humankind does nat act conscioudy, dthough
individuals may. Humankind's impact upon
natural systems represents the cumulative
impact of a huge number of individual and
organizationd actions based on sdif interests
that are mostly uncoordinated. Stabilizing
feedback monitoring loops and controls are
lacking, dthough they are essentid to Saying
within Earth's carrying capacity and living
sudaingbly.
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Purpose of Monitoring

Monitoring is used to either determine
if desirable quality control conditions are
being met or if new practices are moving the
system toward desired god's (e.g., Holl and
Cairns, 2002). Both quality control
conditions and goals are value judgments
(e.g., Cairns, 2002b), which must be
discussed before selecting monitoring
methods and procedures. Provison must be
made for periodic course corrections after
monitoring has begun, which are necessary
because of new scientific information or
atered value judgments. The mgor danger
in this processis the attempt to suppress or
alter scientific information for political and
ideological reasons.

Attempts to politicize science are,
aguably, asold asscienceitsdf. Scientigsare
typically accused of being palitically motivated.
Sad to say, some are. Others are lured to
refute maingtream science by large consulting
fees. Sustainability ethics must guide all
decisons, especidly monitoring, instead of the
specid interests of specific groups.

Resource Wars

As global resources are depleted,
resource wars are likely, but not inevitable.
Klare (2001, p. 27) notes that, in the 21st
century, oil ismost likely to provoke conflict.
The probability of resource wars could be
markedly diminished by an enlightened
energy policy, reduced personal use of
energy, and development of alternative
energy sources. Industrialized societies that
have not prepared for post-peak-oil-
perceived threatsto their oil suppliesmay, in
extreme cases, provoke war. Klare (2007)
predicts that conflicts over ail will congtitute
asignificant feature of the global security
environment in the decades to come.
Monitoring resource availability and
alocation is an important component of the
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guest for sustainable use of the planet.
Climate change must be considered in
matters of war and peace (Renner, 2002).

Concluding Satement

The 214t century will be achaotic time
of both environmental and social change.
Humankind will be better prepared for these
changesif amonitoring systemisin placeto
provide an early warning of these changes.
The four 2007 reports of the
Intergovernmenta Pand on Climate Change
provide both a preliminary list of
environmenta attributes to be monitored and
the names of a core group of scientists
gualified to develop a comprehensive
monitoring system. A companion system for
monitoring social changesisessential. New,
magor costswill occur, but they will be minor
compared to the cost of doing nothing.
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