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Environmental Impact: Controlling
the Overall Level

A rationing system may control environmental

impact, while maximizing personal choice.

Walter E. Westman and Roger M. Gifford

Recent observations on the genesis of
current environmental problems suggest
that they stem from the interaction of
three elements: the size and rate of
growth of the human population (),
the growing per capita consumption of
products (2), and the increasing use of
products and technologies that are more
pollution-generating and wasteful of re-
sources (3). While people have dis-
agreed on the relative contributions of
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each of these factors toward the over-
all impact of man’s activities on his en-
vironment (4), there seems little doubt
that the combined effect gives reason
for concern. The Club of Rome report
(5) is one of several (6, 7) which puts
the case vividly that unchecked growth
of each of these elements of environ-
mental impact is incompatible with the
perpetuation of human civilization.

It seems to be true of all dynamic

rather than the saccades themselves have
been proposed as the causal perceptual
mechanism. See L. Festinger, C. White, M.
Allyn, Percept. Psychophys. 3, 376 (1968);
V. Virsu, ibid. 9, 65 (1971)., We cannot re-
ject a similar purpose for miniature saccades,
but prefer to believe that miniature saccades
are not made for the purpose of perceiving
form because the form of a target object
that falls completely within the foveal floor
(less than 90 minutes of arc) does not change
when we suppress miniature saccades (B.
Murphy, paper presented at the Association
for Research in Vision and Ophthalmology
Mecting, Sarasota, 1973). Of course, the in-
tention not to make a miniature saccade of
a certain size and direction may be func-
tionally equivalent to the intention of making
the same saccade.
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systems that negative feedbacks must
come into play if a long-term steady-
state is to be achieved. If natural en-
vironmental feedbacks in the system of
the biosphere were to come to exert
full force, resulting in some variant of
the Malthusian crash, much hardship
would no doubt occur. There is dis-
agreement about the extent to which
improvements in technology can miti-
gate the crises predicted by a Malthusian
analysis of the limits to growth (8).
Quite apart from the question of the
degree to which technological improve-
ments can postpone behavioral changes,
however, there seems to be general
agreement that negative environmental
feedbacks in some form will be neces-
sary. To minimize the social hardships
that will otherwise occur, and to spread
them as evenly as possible across the
populace, while giving each person the
maximum freedom of choice of activity

Dr. Westman is lecturer in ecology in the De-
partment of Botany, University of Queensland,
Brisbane, Queensland, Australia, 4067, and former
ecological adviser to the U.S. Senate Subcommit-
tce on Air and Water Pollution. Dr. Gifford is
a physiological ecologist working in Canberra and
is chairman of the Study Group on Resource
Recycling, Society for Social Responsibility in
Science, Australian Capital Territory.
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possible, a mechanism is needed for
purposefully instituting environmental
feedbacks before the more inhumane
natural ones come into play. Further-
more, it is important that these feed-
backs operate sufficiently rapidly to
avoid fluctuations around the steady-
state level sought. In this article, we de-
scribe an equitable system of resource
allocation that could be made to act as
such a rapid, anticipatory feedback sys-
tem, while placing an artificial cap on
the overall impact that society is making
on the environment. The proposal in-
volves establishing trade-offs between
alternative activities by means of a new
pricing unit in such a way that govern-
ments could control environmental im-
pact, and at the same time provide a
large measure of choice for individuals
and organizations,

Several points should be recognized
from the outset. First, the system could
be used to set the rate of environmen-
tal decay at any level within a wide
range; that is, it is possible that gov-
ernments may decide, using this natural
resource policy, to set incentives that
would lead to a rapid decline in envi-
ronmental quality (9). It is our hope
that, if implemented, the scheme would
be used to prevent such a decline, but
we wish to emphasize its fundamental
independence from any particular set
of sociopolitical priorities or ideologies.

Second, we recognize that, on theo-
retical grounds, no activity is without
its environmental impact. If nothing
else, our activities are increasing the en-
tropy of the biosphere, or releasing
heat. Numerous authors (10) have dis-
cussed the limited capacity of air, water,
and land to absorb pollutants without
degradation. Similarly, some resources

are more readily renewed than others.,

Ultimately, life on earth will come to
an end by one or another of the natural
entropic processes, if not by some ear-
lier catastrophe. What we seek is a
method for prolonging the stay of hu-
man civilization on earth within these
ultimate constraints, while sharing the
stewardship of earth equitably.

The system we describe would, in
practice, begin by limiting those re-
source uses and activities whose adverse
effects on the environment are most se-
vere and irreversible. The system could
only be phased in gradually, starting
with emphasis on the most destructive
activities.

Third, some restriction of personal
freedom is inherent in all regulations.
It is likely that policies which lead to
very low levels of environmental impact
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will require greater restrictions on per-
sonal freedom than we experience to-
day. Thus, the policy we describe will
almost certainly not receive immediate
acceptance. On the other hand, the pre-
dictions of environmentalists, as sum-
marized in the Club of Rome report,
are too dire to ignore. As environmental
impact increases, the changing condi-
tions themselves may force upon gov-
ernments an awareness of the need for
comprehensive regulation, and upon the
public a realization of the necessity to
accept control.

We intend to initiate discussion of the
implications and usefulness of the sug-
gested scheme, to encourage tests of its
properties with simulation models, and
to help elucidate the kinds of data that
need to be collected if such a scheme
were to be implemented. It is our hope
that such studies might lead to a series
of detailed and pretested suggestions
for regulating environmental impact
when the public is willing to accept
such controls. We suspect that a com-
prehensive national resource policy such
as described here might be more pro-
tective of individual choice than the
haphazard accumulation of governmen-
tal restrictions currently being imposed
as particular environmental problems
force themselves into the public arena.
Although we are not prepared to pro-
pose the implementation of this system,
we feel it deserves consideration.

The Natural Resource Unit:

The Essence of the Scheme

The proposal is basically a rationing
mechanism in which a single unit—the
natural resource unit (NRU)—is ex-
pendable on a range of goods, services,
and activities that have an impact on
the environment. These NRU’s would
be allocated equally to all individuals
and, by special means, to firms, non-
profit organizations, and governmental
departments. The government would
establish the overall level of environ-
mental impact for the country by fixing
both the total annual allocation of
NRU’s and the NRU price of each
good, service, and activity. The NRU
system would not replace, but would
complement, the existing money-based
system. The government policy of total
NRU releases and prices would reflect
existing data on levels and trends in
environmental impact, as well as social
priorities.

The kinds of environmental impact
that might be rationed by this scheme

can be grouped as follows: (i) pollu-
tion of air, water, and land; (ii) de-
struction or disturbance of valued spe-
cies’ habitats, ecosystems, and scenery;
(iii) extraction and use of recyclable
and nonrecyclable physical resources;
(iv) contribution to human population
pressure; and (v) transitory, immedi-
ately reversible disturbance to individ-
uals’ local environment (for example,
noise).

The activities leading to these en-
vironmental impacts vary in their im-
portance to different people. Impacts
cannot be regulated fairly by levying
a uniform tax, because some people and
firms would feel the impact of particular
taxes more acutely than others—de-
pending (i) on the value they place on
the particular resource and (ii) on their
initial financial status (I1). The first of
these difficulties is normally circum-
vented by applying an excise tax on the
product or activity. In this sense, NRU’s
act like excise taxes. The second diffi-
culty, the inequality of wealth, is in-
evitable in a competitive system; yet,
with regard to impact on the biosphere,
we see no reason why the rich should
be allowed to ruin the environment
more than the poor.

The NRU and the Individual

In our system, all individuals would
be allocated an equal number of NRU’s.
The rich could spend their excess money
on activities that have low levels of en-
vironmental impact. The NRU’s would
not be transferable, nor could they be
bought with money. Unspent NRU’s
could be saved from year to year, but
would become invalid when the individ-
ual died.

In his pattern of spending NRU’s, a
citizen could express his own prefer-
ences in his life-style, while being held
to a maximum overall level of environ-
mental impact equal to the potential im-
pact of any other citizen. A person’s
life-style—for example, where he goes
on a vacation or how many cars he
owns—is already severely constrained
by many aspects of his physical, social,
and economic environment. A main
difference that NRU’s would make
would be that some of the constraints
would be imposed by society with a
view to benefiting future citizens. The
individual’s life-style would be fashioned
in part by a series of environmental
trade-offs of his own choosing.

Perhaps the most important and con-
troversial example of an activity that is
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costly in terms of environmental re-
sources and that has a different value
to different people is childbearing. For
some, the right to have a large family
may far outweigh the decrement in
open space and resources that may re-
sult. For others, a self-imposed limit on
family size might readily be undertaken
in return for the use and conservation
of wilderness and other resources. Un-
like a financial tax on childbearing, an
NRU system would not financially pe-
nalize citizens who wanted to have
large families. Instead, they would have
to weigh a large family against alterna-
tive uses of the environment. Through
saving, parents could spread the NRU
cost of bearing a child over a number
of years. A child could be assigned
NRU’s annually from birth, perhaps
starting at a low allocation and increas-
ing to the adult number in the mid-
teens.

Such a system for regulating popula-
tion growth might help settle a particu-
larly knotty conflict of interest between
current supporters of zero population
growth and some members of racial
minorities who rightly point out that an
across-the-board limit to population
growth would freeze their relative num-
bers in the population at the level of a
perpetual minority (12). The NRU sys-
tem would permit such persons to raise
large families without threatening the
overall level of environmental impact,
although not without some personal
sacrifice in spending on other environ-
mentally costly items.

It would be highly desirable for
NRU'’s not to be borrowed from future
allocations. Such a restriction would
ensure that the rate of spending of
NRU’s could be controlled, that per
capita allocation of NRU’s would re-
main uniform, and that accounting
processes would be relatively stream-
lined. As with money, the supply of
NRU’s would have to be regulated by
the available resource base and could
not be allowed to increase at will. How-
ever, as wWith money, it is inevitable that
some persons would outspend their
existing capital of NRU’s—by having
an unintended child, for example. The
philosophy of the NRU system is based
on control of such resource spending,
but clearly society may decide, on hu-
manitarian grounds, that it will suspend
the rigidity of NRU control to avoid
imposing involuntary abortion. In such
a case, borrowing against the future
could be allowed. Severe and persistent
NRU indebtedness, however, would pre-
sumably not be honored with loans.
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Such a policy is harsh, but it has its
direct parallels among the down-and-
outs in our money-based society. In
either case, society must reach some
compromise between the rules of its re-
source control system and the “welfare”
system.

The all-important complement to the
distribution of NRU’s among individ-
uals would be a national “fiscal” policy
to control the rate of consumption of
resources and the rate of pollution gen-
eration. By setting NRU prices and de-
termining annual rationing levels on the
basis of existing data on environmental
degradation and social priorities, the
government would continuously control
the overall level of environmental im-
pact.

The NRU and the Organization

Industrial corporations and other or-
ganizations that play a role of their own
in contributing to the welfare of so-
ciety would have to be assigned NRU’s
on a separate basis. Of the several cri-
teria that could be used (for example,
size of work force, auction to least-
polluting producer, and investment in
R & D to reduce pollution), the follow-
ing appears worthy of further consid-
eration: an industry as a whole could
be allowed to use up a set number of
NRU'’s each year to offset the resources
harvested by it and the total amount
of pollutants released. The NRU allot-
ment would be determined by the gov-
ernment on the basis of calculated al-
lowable rates of resource consumption
and pollution generation. Within a
given industry, NRU’s would be ra-
tioned to companies on the basis of ex-
isting plant capacity, using a standard
production : NRU ratio set by the
government. Obviously, a company that
could devise ways during the year of
increasing its production “efficiency”
in relation to pollution generated and
resources used (that is, increasing its
production : NRU ratio) would be able
to achieve higher production and possi-
bly higher profits. The incentive is thus
provided for improvement in pollution
technology and resource conservation,
while maintaining overall control of the
pollutants generated and resources
used each year.

In the following year, the company’s
NRU allocation would increase in pro-
portion to its increased relative share of
the industry’s output. We recognize the
tendency of this method to encourage
amalgamation into larger companies

to achieve efficiencies of scale. The pro-
posed system would have to be used in
conjunction with antitrust legislation,
to the extent that amalgamation is con-
sidered undesirable.

Similar principles of resource alloca-
tion would apply to certain retail orga-
nizations, such as restaurants, with,
perhaps, volume-of-trade : NRU ratios.
Criteria closely related to the pollution-
generating  activity (for example,
amount of grease burned as kitchen
smoke) would be desirable, but in prac-
tice may be more difficult to measure.
Most retail organizations generating
simply sewage would be paying NRU’s
directly with their sewerage bills.

Nonprofit service organizations, such
as public hospitals, churches, schools,
and government departments them-
selves, engage in overhead activities
that may warrant partial or total sub-
sidization. In these cases, the admin-
istering agency of government would
have to allocate an additional sum of
NRU'’s to applying organizations, based
on judgments of social priorities. The
government’s own NRU budget would
have to be subjected to full public
scrutiny, as is its money budget.

Certain goods and services accrue
environmental impact costs at several
stages between raw resource and fin-
ished product. These goods and services
could be charged NRU’s at each stage
of the process. Thus a nonreturnable
metal can would have accrued a cer-
tain NRU cost to the mining company
in extracting the ore, another NRU
cost in refining, another in manufacture,
and another in sale. If the can were
returnable and recyclable, the NRU
cost at the retail level would be unnec-
essary (13). Note that in this system the
“cost of pollution” is not wholly trans-
ferred to the consumer. The example
of the metal can has, in fact, its prece-
dent in the recent attempts in New
York City to encourage recycling of
containers through monetary incen-
tives. Jerome Kretchmer, head of New
York’s Environmental Protection Agen-
cy, has said (14):

The philosophy behind the tax [on
nonrecyclable containers] is important. Its
purpose is not to bring in revenues to
the city but to establish economic incen-
tives to manufacturers and wholesalers
to recycle. It is a direct attempt on our
part to reverse the economic realities in
our society, to make recycled goods com-
petitive in the marketplace.

The tax [on nonrecyclable containers]
imposes a one- to three-cent levy on rigid
and semi-rigid paper, glass, metal and
plastic containers for all nonfood items
sold at retail. Any container made of a
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prescribed percentage of recycled material
is allowed a one cent credit against the
tax. Wholesalers purchasing products from
manufacturers reusing old containers
would receive an additional one cent
credit per container. As a result of the
combinations of credits, all taxes are
avoidable on paper, glass and single-metal
cans. The per unit tax rate for each ma-
terial is based on current estimates of
the degree of difficulty of disposing anc
the feasibility of recycling for that ma-
terial.

Administration and Politics

of a National Resource Policy

The effective formulation of such a
national resource “fiscal” policy would
require a large data base and constant
input from the private sector concerning
spending patterns. We envision a sep-
arate department (or departments)
within the government, to be charged
with the tasks of assembling the data
on existing NRU and resource re-
serves, population size, and state-of-
the-art of pollution technology, and
of monitoring rates of change in these
parameters. This would require, of
course, extensive computer facilities
and more extensive and frequent sur-
veys than are now undertaken. These
data would be used by the administer-
ing agency to adjust NRU rations an-
nually and NRU prices annually or
semiannually.

A primary function of such a depart-
ment would be to determine whether
the environmental impact of the com-
munity needs to be lessened, held the
same, or could afford to be increased.
Part of this decision would be based on
direct polling of public opinion, and
part would be based on the philosophy
of environmental conservation of the
political party in office. Another impor-
tant decision would concern the distri-
bution of units among government de-
partments and agencies, profit-making
organizations, nonprofit organizations,
and individuals. Again, the allocation
of total environment impact would be
a matter of party political philosophy
to some extent. The constant monitor-
ing of NRU spending -patterns, how-
ever, should improve the precision with
which the government can assay pri-
orities on environmental issues at any
time.

We envision NRU currency as held
and used in the form of personal credit
cards. Retailers could record spending
on the account, and daily or weekly
intake would be transferred through
regional to central computer banks. As
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with money, customer credit could be
checked through local bank records. It
is principally through this regular in-
flow of data to the central data bank
that current social priorities would be
gauged. Only through constant data
input could sensitive adjustments in
NRU prices and levels be made.

The number of NRU’s rationed and
the number spent each year would be
recorded on a computer; the exact
number saved each year would there-
fore be known. Since NRU’s are non-
transferable, but capable of being saved
from year to year, the number saved
after the system had been running for
some time would be, in part, a func-
tion of the age distribution of the
population.

Initially, the social value of those
amenities that do not have a money
price but that do have an environ-
mental impact would have to be esti-
mated by relatively qualitative means.
But the NRU accounting system would
generate quantitative data on cost and
benefit of many more intangible items
than are now priced. Once the system
was in operation, this feedback mech-
anism should enable fairly workable
NRU prices to be obtained by succes-
sive approximation; like any iterative
method, however, the first estimate
would only be a best guess based on
anticipated spending patterns and sup-
plies of resources. Although we recog-
nize the difficulty in such a task, we
think this proposal provides one pub-
licly responsive way of allocating such
costs. In fact, experience persuades us
that, until many environmental costs
and benefits—the so-called externalities
—are assigned a quantitative value,
their importance will be consistently
underestimated in the cost-benefit analy-
ses upon which so many social deci-
sions are currently based.

Although spending patterns in NRU’s
would serve to monitor community
attitudes toward a wider range of social
goods than financial records now do,
the system of judging social priorities
would still require much direct admin-
istrative and public discussion. We
would still envision an annual NRU
budget to be submitted by the admin-
istering agency to full public scrutiny
and discussion and subjected to the
equivalent of congressional or parlia-
mentary checks. We would envision
the persistence of lobby groups to
argue the case for differential assign-
ments of NRU’s to various sectors of
the resource economy. We acknowl-
edge that the bookkeeping involved in

processing two budgets instead of one
is a bureaucratic bugaboo, but we
would question whether the existing
single economic budgeting accounts
adequately for many of the important
transactions and changes to which the
natural resources of a country are cur-
rently subjected. A planned economy
requires more data as a base for deci-
sions; but the present alternative to
such planning is a system in which the
time lag between initial recognition of
a problem with respect to a resource
and the implementation of effective
controls may be so long as to risk
catastrophes (15).

The kinds of estimates of predicted
environmental impact we will need will
require computer simulation skills that
are only now being developed. Com-
puter modeling of the resources of
wilderness areas, for example, has per-
mitted estimation of the capacity of a
park to sustain varying levels of human
trampling (16). A number of workers
(17) have developed the use of sys-
tems analysis in resource management,
and recently a study group (I8) has
attempted to apply the technique to
the State of California. Town and re-
gional planners, resource economists,
ecologists, and others (i/9) have de-
veloped skills in computer modeling,
resource survey, and environmental im-
pact assessment that are obvious tools
in a resource policy system such as
that presented. The National Environ-
mental Center Bill (S. 1113) that
passed.the U.S. Senate last year already
outlines as tasks the monitoring of
environmental impact, the assessment
of the effects of new technology, the
study of current impacts on the en-
vironment, and the development of
new methods for controlling environ-
mental impact (20).

We emphasize again that the NRU
system would apply at first to a limited
number of the most environmentally
costly activities and resources and
would be gradually expanded as the
data base, and public acceptance, in-
creased. Lest phasing-in be slow, how-
ever, it should be borne in mind that
the more items of environmental im-
pact to be included in the NRU pricing
system, the more equitable will become
the distribution of true environmental
impact throughout the population. Per-
sonal freedom (freedom from NRU
pricing) is often inversely proportional
to social freedom (freedom from en-
vironmental exploitation by others), as
the “tragedy of the commons” (21)
so compellingly illustrates.

SCIENCE, VOL. 181



Some Historical and
Philosophical Roots

The system described above, of
course, has its roots in the history of
resource allocation theory. Economic
systems are the obvious parallel to the
system proposed here. In financial sys-
tems, all goods, services, and resources
are given values in terms of a common
monetary unit. Monetary transfer and
resource allocation may occur freely,
through supply and demand, or with
partial or total government regulation
of the means of production, distribu-
tion, and acquisition of resources and
supply of monetary units. The NRU
differs from money in that it is non-
transferable; its system differs from
Adam Smith’s laissez-faire capitalism
in its strong reliance on governmental
adjustment of NRU prices and regu-
lation of supply of the value units; it
differs from a mixed economy (West-
ern capitalism, for example) in its
annual planning and governmental reg-
ulation of resource utilization; and it
differs from a command economy (for
example, that in the U.S.S.R.) in its
stronger emphasis on consumer choice
in the allocation of resources among
the population. The reliance of this
system on a strong fiscal policy is in-
tended to dampen oscillations between
resource spending (environmental im-
pact) and resource saving (environ-
mental conservation), although mild
oscillations will probably occur. Note,
too, that the NRU system differs from
all economic systems in the very fact
that it coexists with the economic sys-
tem in a dual resource allocation
scheme. The proper testing of the fea-
sibility, stability, and effectiveness of a
socioeconomic-NRU system requires, of
course, considerable work.

The present proposal resembles that
suggested by Edward Bellamy, in the
19th-century utopian novel Looking
Backward (22), in its equal distribu-
tion of units to each individual each
year. Bellamy’s units were essentially
nontransferable in that it was assumed
that there would be an excess and no
need to hoard; they differ from NRU’s,
however, in that the unspent excess
dollars in Bellamy's utopia would be
resumed at the end of the year,
whereas we are proposing that NRU’s
remain usable and capable of being
saved throughout the individual’s life-
time. This capacity for saving should
help increase the options open to an
individual in choosing his life-style
within an overall constraint.
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The proposal is also related to vari-

" ous systems of rationing used in many

countries during wartime and other
stressful periods. In fact, the U.S. gov-
ernment has exercised fiscal control
over a variety of resource uses, such
as the rate of domestic oil consump-
tion and the amount of farm land cul-
tivated. The 1972 Federal Water Pol-
lution Control Act Amendments im-
pose a proportional charge on factor-
ies for wastes they send to a sewage
treatment plant (23). Bills pending in
Congress would permit government
control of absolute amounts of toxic
substances entering the environment
and would establish national guidelines
for land use (24). Still closer to the
NRU idea is a passage in President
Nixon’s 1971 economic report (25):

Another alternative would be an environ-
mental usage certificate system. It would
limit the amount of pollutants directly,
but allow the price for pollution to be
set indirectly. Under this system, as un-
der a system of pollution standards, a
Government agency would set a specific
limit on the total amount of pollutants
that could be emitted. It would then issue
certificates which would give the holder
the right to emit some part of the total
amount. Such certificates could be sold by
the Government agency at auction and
could be resold by owners. The Govern-
ment auction and private resale market
would thus establish a price on use of
the environment. The more pollution a
user engaged in, the more certificates
he would have to buy. Groups especially
concerned about the environment, such
as conservation groups, would have a di-
rect method of affecting the environment.
They could themselves buy and hold
some of the certificates, thus directly re-
ducing the amount of emissions permitted
and increasing the cost of pollution.

The Nixon scheme differs from ours
in that it is within the monetary frame-
work and, as such, retains the existing
financial inequalities. Not only would
small industries be less able to compete
for pollution certificates because of
failure to achieve economies of scale,
but poor citizens would have less con-
trol over the sale and use of pollution
certificates than rich ones. Most con-
servation groups have no real means of
competing with industry in the pur-
chase of pollution certificates and,
moreover, are acting at a level above
pure self-interest. It is an important
part of the NRU scheme to eradicate
these initial inequalities.

Senator William Proxmire (D-Wis.)
is one who has for several years sug-
gested the application of effluent charges
on the volume of water pollutants dis-
charged by industry (26, 27). The

charges for dumping pollutants would
be set higher than the cost of employ-
ing pollution control technology, so
that the industry would have an eco-
nomic incentive to minimize the amount
of pollutants discharged. Other pro-
posals for effluent taxation have also
been much discussed (28). We have
pointed out above how, in a competi-
tive monetary system, a uniform pollu-
tion tax allows those individuals and
firms who are initially rich to purchase
“licenses” to pollute the common envi-
ronment to a degree that may be out of
proportion to the value of their service
to society. The NRU system would
avoid this problem by establishing an
upper limit on the NRU’s distributed to
individuals and corporations. However,
both tax and NRU systems suffer from
the difficulties of estimating the appro-
priate initial price or tax level needed
to achieve the desired degree of control.

Some International Implications

One of the major problems of our
time is the gap in resource use between
industrialized nations and the Third
World. Writers on the global environ-
mental crisis (29) anticipated the bitter
differences in attitude toward resource
allocation and environmental pollution
between developed and developing na-
tions some time before they were high-
lighted by the 1972 U.N. Conference
on the Human Environment at Stock-
holm. The complaints by the develop-
ing countries are analogous to those of
minorities in more developed countries:
if environmental impact (or popula-
tion growth) is frozen uniformly at the
present level, we (the Third World)
will retain our underprivileged position
in terms of ability to purchase re-
sources. Since the industrialized nations
attained their control over resources
without controlling pollution, the devel-
oping countries, it is argued, should
be allowed to do the same. The diffi-
culty is that, under existing conditions
of international competition, there is
little reason to be confident that the
differential cost of pollution control
will be sufficient hindrance to indus-
trialized nations to close the economic
(and resource) gap between nations.
Indeed, we suspect that the only likely
way in which developing countries
could obtain their proportionate share
of the world’s critical resources would
be to allocate them on the basis of
population size, independent of money,
in an internationally administered nat-
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ural resource rationing scheme (30).
By analogy with a national NRU sys-
tem, in order to establish equality of
access to resources, one must divorce
it from existing financial inequalities.
Along with the global redistribution of
resource wealth to individuals would be
the ability of an internationally admin-
istered body to set overall limits on
the rate of environmental impact on
the biosphere—the rate of world popu-
lation growth, resource utilization, and
pollution. We will readily admit, how-
ever, that global acceptance of such
regulation is extremely unlikely at pres-
ent. We will, therefore, briefly consider
the implications of only one nation’s
adopting an NRU rationing policy.

Since resources would continue to
be purchased from abroad, the more
highly industrialized countries would
continue to absorb a disproportionate
share of the world’s resources. Existing
means of redistribution (that is, foreign
aid) would continue the attempt to
close the gap with the Third World.
The difficulties with the foreign aid
approach would remain virutally un-
changed (31).

On the other hand, the NRU limit
placed on production by a developed
country at home would provide an in-
centive for companies to increase in-
vestment abroad. To the extent that the
countries receiving those foreign in-
vestments regarded them as undesirable,

they would impose on the investor in- -

creasing export tariffs on products and
profit taxes on investments. To the ex-
tent that the country with the NRU
policy felt threatened by decreased in-
vestment at home, it would be likely
to impose import quotas and tariffs
(including tariffs in NRU’s) and offer
tax concessions for domestic invest-
ment. It seems inevitable that the over-
all effect of an isolated policy of envi-
ronmental impact control would be a
self-imposed cramp in the rate of
growth of the country’s material wealth.
It is partly for this reason, of course,
that international cooperation in coping
with problems of pollution of the
biosphere is being sought by industrial-
ized nations (32).

Feasibility and Acceptability
of the NRU Scheme

We do not believe that public atti-
tudes in the industrialized nations are
at a stage where the NRU scheme
would be acceptable. Nor do we regard
increased regulation as desirable in the
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absence of demonstrated need. We do
believe, however, that, as public aware-
ness of environmental and resource
problems increases, pressure will mount
for steps to be taken to regulate popu-
lation growth, levels of pollution, and
rates of resource use. In phase with en-
vironmental education, it will be im-
portant to point out that regulations of
resource supply and pollution imply
consequent restrictions in personal free-
dom. As the inevitability of this be-
comes more widely acknowledged, and
if public concern continues to increase
with increasing environmental impact,
public attitudes toward comprehensive
resource pricing may well change. We
could hope that the overall level of en-
vironmental impact will gracefully sta-
bilize at a desirable level entirely be-
cause of laissez-faire adjustments in
social behavior. But, as current trends
in the growth of environmental impact
do not offer much reassurance in this
regard, we feel that discussions of pos-
sible future regulatory systems should
begin now.

It is of prime importance that the
feasibility of the NRU scheme, and
others like it, be tested extensively. It
seems to us a logical development from
Jay Forrester’s (I5) computer model-
ing of world dynamics that attempts
be made to simulate the problems and
potentials of comprehensive resource-
control systems. To do so, and as a first
step in implementation, it is necessary
to continue to collect data on existing
environmental impacts and their effects,
and on existing and predicted sizes of
populations and resource pools. At the
present stage of our knowledge, we
regard the current proposal simply as
a useful conceptual model to be dis-
cussed and tested, and then refined or
discarded.

Summary

It is suggested that, by assigning to
every resource use and activity (includ-
ing childbirth) that causes environ-
mental impact a price in money-inde-
pendent units (NRU'’s), a new system of
environmental trade-offs can be estab-
lished—one which maintains maximum
personal choice within overall environ-
mental constraint, The social equality
of the system in relation to resource ex-
ploitation would be enhanced by distrib-
uting NRU rations equally among the
population each year. Special means of
controlling industrial and organization-
al use of resources through NRU’s are

also discussed. The system is believed
to offer a more sensitive means of
gauging social priorities in relation to
resource use than that achieved by an
exclusively monetary system. Although
involving more planning and more gov-
ernmental regulation than is currently
deemed feasible or acceptable, we be-
lieve the mechanism would lead to less
restriction of personal freedom in a
steady-state society than would the cur-
rent trend toward unsystematic imposi-
tion of governmental regulations.
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Sometime between now and 1980
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supertanker probably will be estab-
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United States. No such terminal now
exists, and, given the present shortage
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States, a huge increase in the importa-
tion of foreign crude could not presently
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time to develop a policy for the siting
of deepwater terminals which takes ac-
count of how such terminals and mas-
sive oil deliveries may effect environ-
mental quality in the coastal zone, off-
shore and onshore, and influence the
growth and location of refineries and
petrochemical complexes nationally.
The environmental as well as economic
implications of deepwater terminals
may be surprisingly favorable—or, in
the absence of proper policies, dis-
astrously unfavorable.

That it should now be widely ac-
cepted as virtually inevitable that deep-
water terminals for oil deliveries will
be built is attributable to four things:

® First, there is the fact that, by
1980, U.S. consumption of petroleum
products is expected to have increased
from the total of 16.4 million barrels a
day consumed in 1972 to about 22.8
million barrels a day, with the propor-
tion imported increasing from 29 per-
cent (the 1972 figure) to as much as
48 percent. No matter how vigorously
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the development of such domestic
sources of energy as coal (with gasi-
fication) and shale oil is pursued, the
United States will be relying heavily
on foreign oil at least through the
1980’s. This undoubtedly will be true
even if the nation adopts significant
energy conservation policies, such as
discouraging the use of heavy, high-
gas consumption automobiles.

® Second, most of the 11 million
barrels a day to be imported (some in
refined products but the great bulk in
crude oil) will come from the Persian
Gulf, with each tanker delivery involv-
ing a round trip of about 24,000 miles.
Given the great distance, enormous
savings in transport costs are possible
from the use of supertankers. Oil is
shipped to East and Gulf Coast ports
from the Persian Gulf at about $13
a ton in a conventional tanker of 47,000
DWT (deadweight tons). By contrast,
the freight cost per ton drops to $5.70
when a 250,000-DWT tanker is used.

® Third, supertankers already com-
prise an important part of the world’s
tanker fleet. The conventional tanker
of World War II was the “T-2,” a
16,700-DWT ship with a draft of 30
feet and a length of about 500 feet.
Even today, most of the several thou-
sand tankers still in service around the
world are ships of between 10,000 and
60,000 DWT, with the great majority
at the lower end of this scale. But such
ships are yielding rapidly to the super-
tanker in the long-haul transport of
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crude. The supertanker is most com-
monly a vessel of between 200,000 and
300,000 DWT, with a draft of 55 to
80 feet and a length of more than 1100
feet. There are now at least 228 tankers
of 200,000 DWT or larger; by the mid-
1970’s, the number of ships of this size
will exceed 800. For the United States,
the only real choice is whether the
supertankers will bring the crude di-
rectly to U.S. terminals or whether they
will deliver it to terminals in the Ba-
hamas, the Caribbean, and Canada, for
subsequent shipment by smaller tanker
to U.S. ports in the form of crude and
refinery products.

® Fourth, it is neither economically
feasible nor environmentally acceptable
to dredge out existing ports and ap-
proach channels to the depths neces-
sary to accommodate deep-draft super-
tankers. U.S. ports now generally
have channel and berthing depths
of between 35 and 45 feet. Even a
medium-sized tanker (100,000 DWT)
will draw almost 50 feet fully loaded.
If the Delaware River ship channel
were to be deepened by only another
10 feet from its present 40-foot depth,
the cost would exceed three quarters
of a billion dollars, and some 330 mil-
lion cubic yards of material would
have to be excavated and somehow
disposed of.

In view of the cost of the alterna-
tives, the building of terminals offshore
in naturally deep water can be very
much a bargain, even though these
facilities do not come cheap. There are
widely varying concepts of deepwater
terminals, ranging from the elaborate
(and probably economically infeasible)
notion of building an artificial island
and breakwater to the relatively simple
concept of the single point mooring
(SPM) system. The SPM is the kind
of terminal receiving most of the at-
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