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lar coppice crops of eucalypt timber. This suggests that, in
appropriate locations which have convenient access to a
source of town refuse and, ideally, also irrigation water,
reclaimed spoil-soils can be successfully used for the simul-
taneous cultivation of agricultural crops and eucalypts.
Under this relatively intensive intercropping system, the
eucalypts do not appear to have any of the adverse effects
on soil nutrient status that have been reported for the non-
cultivated eucalypt plantations elsewhere on the Jos Pla-
teau.
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Shadow-pricing Environmental Goods and Services, Using the Enmergy Method
The enmergy method aims at aggregating energy and

building an energy-quality hierarchy for analysing ecosys-
tems and environmental-economic bridged systems. A
special case exists in shadow-pricing environmental goods
and services which appear as energy externalities to eco-
nomic subsystems. In this note, we contribute by clarifying
the enmergy accounting of these external, non-priced
contributions to economic processes.

Prerequisites

The analytical idea behind the enmergy method (namely
Howard T. Odum's conceptualization of the embodied-
energy theory-seeOdum, 1983, 1984, 1986; Pillet, 1987;
Scienceman, 1987) is that, at each step of an energy-chain,
much of the energy is used in the transformation, but only a
small amount is converted into a higher quality of energy—
that is, into a more concentrated form which is capable of
catalytic action when fed back. Then, the ratio of one form
of energy that is required to generate another form of
energy by a transformation, is a measure of efficiency
according to the First and Second Laws of Thermodynam-
ics, under the Maximum Power principle (or, maximum
energy-flux per unit of time according to the Lotka-Odum
autocatalytic characterization of living as well as Man-
made non-living processes). In other words, this ratio is a
measure of energy quality in real systems when the latter
tend to operate at that efficiency which produces a Maxi-
mum Power output. This ratio of one (source) form of
energy required to develop another (high-quality) form of
energy by a transformation has been called transformity
(symbol: Tr). The term 'transformity' thus names a ratio
describing the quality of a form of energy and its measur-
able ability to amplify as feedback relative to the source-
energy consumed in its formation, and under the Maxi-
mum Power principle (Scienceman, 1987).

Embodied energy (now, enmergy; symbol: C) is defined
by Howard T. Odum as a way to measure the cumulative
action of energies in chains or webs (Odum, 1983). It is the
source-energy required to produce a form of energy. As a

result, if different-form energies are to be compared with
respect to the energies required in their formation (or their
effect), they may be converted into the same source-
enmergy (that is, into equivalents of the same form) by
multiplying their actual energy content by their (source)
transformity.

If the joule is the current unit for actual transformation
work, it is not qualified for dimensioning enmergy, the unit
of which is the source equivalent joule. This new unit has
been called enmjoule (symbol: enmj).

Thus, the analysing of ecological-economic subsystems
requires that every energy-form participating in the prod-
uct be first evaluated in actual joules, and then converted
into enmergy (enmj) by means of the appropriate (in situ)
transformity.

Finally, a special ratio is used in ecological-economic
systems which characterizes the period-to-period relation-
ships between the enmergy used by a country and its GNP.
This enmergy/$ ratio has been called monergy. It is used for
calculating macro-prices as well as for calibrating human
services by means of enmergy units. It is defined by the
global enmergy used within the country (in enmj) divided
by the GNP of the country (in $); it is thus expressed as an
enmJ/$ ratio.

Accounting for Unpaid Prices

Macro-prices, or shadow-prices (symbol: p) for environ-
mental goods and services (symbol: I; otherwise called
energy externalities—see Pillet, 1986, 1987) can be taken
into account, using the concepts of the enmergy method
given above.

Based on Odum (1983; cf. also Lavine & Butler, 1982),
our general hypothesis is that the shadow-price of environ-
mental goods and services, per surface and period of time,
is in proportion to the GNP in value in this period, as is the
global enmergy of these goods and services per surface and
period of time in proportion to the global enmergy used by
the country within the same period.
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This gives us:
shadow-prices of environmental goods (or P]) per ha per

year

GNP (Gross National Product) in value of the country

Enmergy of environmental goods (or C*i) per ha per year

Total enmergy (or C*) used by the country

In symbols, we obtain for Pl:

P^ha/yr = (Cyha/yr) * (GNP) / (C* used by the coun-
try).

Yet, the GNP/C* ratio is the reciprocal of the enmergy/$
ratio (or, monergy), giving us, in symbols:
Pj/ha/yr = (Cyiia/yr in enmj)/(monergy, or enmJ/$ ra-

tio)

that is, the shadow-price of environmental goods per ha per
year is obtained by dividing their enmergy by the monergy
of the country. Note that this can be correct up to a 10%
contribution from the output Y (see Fig. 1) to the national
economy. If the output is more than 10% of the GNP, we
use a corrected monergy.

This model of enmergy calculation may be used to cali-
brate human labour within environmental-economic sub-
systems with the necessary modifications. In this respect,
the enmergy of human labour is obtained by multiplying
wages by the monergy of the country (or of a subsys-
tem).

In conclusion, these calculations should apply to any
enmergy analysis of ecologic-economic systems, including
the shadow pricing of energy externalities within economic
subsystems. Such macro-prices should be considered as
indicators of ecosystems' work in economic calculations,
thus contributing to the integration of ecological consider-
ations into economic analysis.
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FIG. 1. Shadow-pricing environmental goods and services using the
concept o/enmergy of the environment. The processing of an envi-
ronmental value (I) by an economic subsystem leads to the enmergy
calibration of this value as an energy externality. In turn, this
externality may be priced at the proportion that the environmental
work is of the nation's total work, both being given in energy units of

the same quality, or enmjoules.
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The United States' Nuclear Defense Industry
Introduction

Soothsayers and prophets of doom have never had more
ammunition in their dismal arsenals than when they report
the bleak prospects that would attend a nuclear holocaust.
The ensuing 'nuclear winter' would enshroud the Earth in
smoke and dust and would moreover be accompanied by a
substantial reduction in planetary temperature. A dark,
cold, toxin-laden world would be home only to the hardiest
individuals that proved able to survive massive doses of
ionizing radiation (Lown, 1986; Westing, 1987).

The likelihood of a nuclear war may be greater than
many people suspect; but that is only one of several pos-
sible apocalyptic scenarios (Lown, 1986; American Public

Health Association, 1986). Americans have always main-
tained a proclivity to think in grand terms, and in the case
of disasters they often envision a cataclysmic end. Perhaps
T. S. Elliot (1952 p. 287) was a more astute prognosticator
of Mankind's eventual demise when he predicted:

'This is the way the world ends
This is the way the world ends
This is the way the world ends
Not with a bang but a whimper.'

The Nuclear Defense Industry

An underpublicized threat to public health and safety
involves what until recently has been a well-kept secret.
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