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Abstract

1. With the continuing development of human civilization and technology, the life cycle of a prod-
uct, from production, consumption to final waste, is involving more and more external adverse
factors which bring about direct or indirect impact on the environment.

2. Throughout the life cycle of military equipment, linear programming and concepts should be
applied in all aspects, including the input of resources, the process of production, the demand
of consumers, factors of environmental impact, and the formulation of policies. Noncompulsory
measures should be employed to guide the enterprises to inspect and regulate every factor that
could cause damage to the environment so as to reduce the environmental impact of military
equipment.

3. The research and development, production, deployment and replacement of military equipment
or weaponry systems are necessary for the sake of national security. However, the military author-
ities should also consider how to minimize environmental impact.

Keywords: life cycle, greenhouse effect, external cost, factors of environmental impact
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1 .Introduction

The popular movie 'The Day After Tomor-
row' shows a scenario about how human's pur-
suit of short-term interests and endless economic
development,neglect of the protection of nature,
and decade-long accumulated destruction to the
environment have so seriously aggravated green-
house effect as to trigger dramatic global climate
change; as a result, the world slips into the grip
of the second ice age. The movie depicts a shock-
ing and horrible disaster far beyond our imagi-

nation. It comes so quick that the human beings
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are literally unprepared, stupefied and power-

less. The movie warns us that the disaster is not
something that would only occur a couple of thou-
sand years later. Instead, it will strike before we
depart this life. Moreover, the backlash by the
great nature would be so harsh that the human
civilization as a whole would be completely
destroyed and sent back to the glacial epoch. In
short, people may be shocked by the episode and
impressed with the tension of the movie. Actu-
ally, some scholars have raised their concerns
and warnings about the consequences of fast
increasing greenhouse effect. For instances,
according to an Australian report, the coral reefs
in the Great Barrier will perish within 50 years;
as early as in 2007, the increasingly powerful
storms would destroy the banks that make the
Dutch so proud of themselves and might ruin such
big cities as the Hague (see table 1). Consequently,
global warming will have very serious impact

Table 1

upon the existence and development of the human

beings.
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"Human beings are made out of sunlight,"

o

said Professor Yu You-hua of National Taiwan

University. "Green plants on earth take in sun-

The results and impacts of greenhouse effects

Phenomena

Results

Perish of coral
reefs

Scientists forecast that the water temperature around the Great Barrier will rise 2-6°C in the 21st century.
In the worst scenario, in 2020, coral bleaching, or the whitening of coral colonies, will result in the
economic loss of 8 billion Australian dollars and make 12,000 people jobless.

Rise of sea level

1.Between 2010 and 2020, the temperature in Europe will drop 3.3°C annually. The UK will become
colder and drier; at last, it could turn into Siberia in North Sea.

2.As early as in 2007, the increasingly powerful storms would destroy the banks that make the Dutch so
proud of themselves; floods would make many below-sea-level areas uninhabitable. Such big cities as
the Hague might end up as ruins in the relentless storms.

3.Due to dramatic climate change, oil demand could not be met and the proliferation of nuclear weapons
would be inevitable. The load capacity of the earth would shrink. Wars for global resources might erupt
in 20 years. There would be conflicts and invasions in the international community.

4.When sea level rises 1 meter, an estimated area of 120,000 km? on the coast of China would be
inundated and 70 million people would be forced to relocate inland. This would bring a grave impact
upon the economic prosperity of the coastal provinces of mainland China.

5.Continuous global warming could melt the ice field of Greenland within 1000 years. Many lowlands
such as those islands in the Pacific Ocean would be submerged as a consequence.
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light and transfer it into chemical energy. Pho-

tosynthesis facilitates the combination of carbon
dioxide and water which produces carbohydrate,
the substance of plant cell. Human beings eat
green plants and animals that eat green plants.
The green plants and animals are made out of sun-
shine. Therefore we can claim that human beings
are made out of sunlight." As the global popu-
lation continues torise, from 0.5 billionin 1100,
to 1 billion in 1804, and to 6.5 billion in 2006,
so do the aggressiveness, expansiveness and pro-
ductiveness of the mankind, "just like cock-
roaches and ants." The human have monopolized
and utilized the subterranean energy resources
accumulated over four billion years. It is esti-
mated that gasoline would be depleted in 2040.
The mankind would soon use up such petrified
fuels as coal and natural gas deposited over the
past hundred million years as well.
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Obviously, most people are familiar with
the conflicts between environmental protection
and economic development. Those who are con-
vinced of the consequences of global warming
will remain convinced, while those suspicious
will remain suspicious. A single movie or edu-
cational film can hardly change the perception
of the suspicious and convert them into true
believers and vanguards of environmental pro-
tection. After all,economic development means
bread, while the mankind cannot immediately
appreciate the deep implications of damage to
the great nature. Therefore, politicians should be
aware of the environmental implications of legal
provisions and regulations. Likewise, the mili-
tary authorities, when developing new prod-
ucts or new weaponry systems, should consider
the intangible social cost of pollution as a part of
the overall cost and deal with the issue of pollu-
tion as a part of life cycle management. So that
such considerations and practices will benefit
our earth. Waste Electronics and Electrical Equip-
ment (WEEE) is issued by the European Union.
WEEE encourages recycling of electronic and
electrical goods and facilitates reduction of the
waste of such goods, so as to minimize the dam-
age of the short-lived electronic and electrical
products to the environment. The concept of

reducing environmental impact and the employ-

ment of linear programming model should be




introduced into the life cycle of the weaponry

systems (electronic warfare equipment) of the
ROC armed forces. This will further our under-
standing of the potential poisonous substances
to be produced in production, deployment and
replacement stages, and will help us minimize
pollution and thus contribute to environmental
protection.
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Translating 'The Environmental Impact of
New Products'as a blueprint, this study explores
enterprises' main considerations aboutenviron-
mental protection in the process of developing
novel goods. Itis hoped that the military author-
ities may draw an analogy between military goods
and business goods in terms of environmental
impact during their individual life cycle, that they
may appreciate the calculation model of implic-
it cost, that they may value the reuse, recycling
and recovery of expired ammunition, fuel,

weapon and equipment, that they may employ

linear programming model to investigate the pre-
viously ignored environmental cost throughout
the life cycle, so as to minimize the damage

caused by negative factors.
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2 Negative factors in technological
developments

The 21stcentury has witnessed the advance-
ment of human life and technology, which, how-
ever, also brings serious negative impacts to
our living conditions. Recently, the scientists

have paid more attention to issues regarding envi-
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ronmental protection, such as the effect of insec-
ticide and herbicide on water resources, the effect
of CFCS on the ozone layer, and the result of
the burning of tropical rain forests, the side-effect
of technology, and the problems caused by tox-
ic substances and products. However, it is obvi-
ous that the social costs of the aforementioned
issues are not presented in the balance sheets of
enterprises. These costs, called external costs or
negative externalities, are diseases and injuries
suffered by producers, consumers and even the
general public that have nothing to do with the
production or consumption of the products atall.
These costs exist all the time. However, the cal-
culation of profits and costs brought about by
technology cannot correctly reflect the practical
social costs; nor can the social cost be included
in the costs of products.
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If we cannot effectively formulate proper-
ty right for the use of air and water resources,
allliving things on this piece of land will be affect-
ed,and aggravation of negative externalities and
pollution will continue. If no property right needs
to be assigned to the utilized resources, itimplies
that there will be innumerable cases of produc-

ing toxic substances and pollutants, that there

will be no way to ask for compensation for envi-
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ronmental pollution, and that there will be no
deterrent for manufacturers that cause pollution
problems. Accordingly, such manufactures do

not have to bear any pollution cost.
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3.Assessment on life cycles of pro-
duction

Lifecycle assessment (LCA)is atechnique
of assessing the environmental impacts associ-
ated with a productor service,during its life cycle.
The life cycle covers the entire time span from
the extraction primary resources employed for
manufacturing the good to the end of its useful
life and its disposal. Figure 1 illustrates the prin-
cipal phases of the life cycle. The blocks of the
diagram represent processes or actions; between
the blocks flows energy or products. Reading the
diagram from the left to the right, one follows the
conventional production chain from resources
to the use of the finished product and the even-
tual disposal of it. Two feedback loops are illus-
trated: the reuse of goods returning the discard-
ed product to the distribution block, and the recy-




cling and the return of the discarded product as
input into production.
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Asanexample of the life cycle, consider the
manufacture, distraction and consumer use of
glass bottles. The main raw material in the glass
mills is silicon sand. The needed electric power
is provided by an electric utility. The electric util-
ities burned coal or oil and discharged sulfur and
other pollutants into the air. Should these nega-
tive impacts be included in the balance sheet?
For any given study, the analyst has to decide how
far back upstream in the production chain it is
desired to track the effects. Somewhere, the lines
has to be drawn between endogenous and exoge-
nous factors.
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Once the glass bottles have been manufac-
tured, they are transported from the glass mills
to the bottlers. Actually, transportation is an
important feature at every link of the logistic
chain. Also, there is use of energy and discharges
into the air. Next, the final consumer product is
distributes to warehouses and supermarkets,
eventually to be sold to the consumers. What hap-
pens to the glass bottles after they have been used?
Some bottles may be collected and cleaned, oth-
ers are collected and recycled back to the glass
mills, and the remainder ends up in the land-
fills.

WA Ha AR EEE T ERME
— Y TREHRERTRELYEIMAMER
A o bR T AE A AR T
R BRERBRHIMSE - FT L A
BRI A R EAEATHER » W A K
REBROEF (A TRELBARY ) ER
4o gk o AEE R P BT H A2 S ST EAT R X

IRy 3

WK~ E S BW)

1

1

1
(RARE RS ~ BB (e I | | 58 || Ed

1

1

B AALE

|
: | wst | mx| ma
|l a3 Y 2

¥ ¥

BEEW ~ RERALA (Reuse) ~ AEIK (Recycle) ~ F 4 F] A (Recovery)

l

Fier (MAe) 1R46 ~ 2 HRE (FALRIE) ~ BRAE

AR EE B o




’#ﬂzﬁ

BRAA o f g o X HER EF AN TR
By B EIRE -BH-TE -HHA
SeF AR XATHE R Ao | EMAEXR
RELTRUBERIAMR  EREEITH
FBGEA » BE R T Fo T8 P HOR
KAVBT AL BRI o

In the assessment of life cycles of produc-
tion, we further understand the environmental
impact caused by the production. We use re-cycle
system to reduce the negative externalities. Actu-
ally, all negative externalities should be under-
stood and be prevented from environmental
impact. On other hand, with analyzing the life
cycles of military equipment of artillery, bat-
teries, plastics, we found the same situation. The
whole life cycle of production keeps damage our
living environment if we do not have proper pro-

tection or prevention on it.
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4. Major factors of environmental
impact

The countries that pay attention to the envi-
ronment protection have many assessment meth-
ods and regulations to environmental impact.
There are different ways of systematizing the var-
ious discharges into the environment. Once is
torecord the chemical substances released, such
as CO2,NO2,S02,CO, methane, chorine, lead
and so on. For each substance, the actual release
will be compared with the total 'critical' volume
beyond which some particular damage will occur,
such as destruction of the ozone layer of the earth,
cancer,or leading poisoning. As long as the actu-
ally volume is well below the critical volume,
there is no immediate cause for concern. But if
current releases push the concentration of some
chemical substance at a given geographical loca-
tion close to the critical level, a warning bell
should be sounded.

* The greenhouse effect

* Thinning of the ozone layer

- Acid Rain

- Eutrophication (dying lakes and water-
ways)

* Smog (=smoke+fog)

* Pesticides

* Lead and other heavy metals

* Cancer in humans

* Exhaustion of non-reproducible natural
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resources
* Solid residuals
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(1) Greenhouse effect

Carbon dioxide is part of fine-turned global

ecological balance. Humans breathe in oxygen
and breathe out carbon dioxide. Combustion
engines burn hydrocarbons and release CO2. All
green plants microorganisms do the opposite:
through photosynthesis they convert carbon diox-
ide back to into time. The burning of fossil fuels
and tropical rain forests spews more CO2 into
the air than the dwindling reservoir of green plants
is able to break do again. The result is pyramid-
ing of carbon dioxide levels in the atmosphere:
increasing levels of greenhouse gases trap more
heat from the sun inside the atmosphere. The
average temperature rises-global warming

AT HI10F2RTFHREAF
0.2°C » % — E 220504 » B 89 F 36 23
H LR FIREMIR5E > MBI &
WA A - Ml X HEMIEHF S H 2
VEIERZTIGE BRI H BRI
REARAZE  ERERBEWEEZEN K
RELFRIRGTaHE > $EKRELE
ARAEE o

According to the current trend, the aver-

age temperature of the globe increase by approx-

imately 0.2 degree Celsius every 10 years. By
2050, the winters in the North and West of Europe
should be about 5 degree warmer and the sum-
mers in Southern Europe about 4 degrees warmer.
The geographical area most vulnerable to such
change are precisely those that have the least
capacity of adapting. The warming will be most
intense at high latitudes; the world's grain belts
will become drier, and rises in the sea level will
affect people living deltas and low-lying area.
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(2) Thinned Ozone layer

Ozone is formed in the stratosphere when oxy-
genisexposed to solarultraviolet radiation. The
ozone layer blocks most of the radiation from
reaching low atmospheric level and the earth's
surface and is thus important for the existence of
life on earth. Exhaust from high-flying aircraft
damages the layer; so do the propellant Freon and
other hydrocarbons containing chlorine and flu-
orine (CFCs).In 1987 the US government signed
the Montreal Protocol banning CFCs by the end
of the century and several international confer-
ences have later reaffirmed the goal of discon-
tinuing the use of CFCs, but worldwide imple-

mentation is still lacking.
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(3) Acid Rain

Acid rain develops as the burning of fossil
fuels pours millions of tons of sulfur and nitro-
gen into the air. Most of these emissions are from
power stations and the steel industry. In contact
with air, sulfur and nitrogen are oxidized to form
sulfuric and nitric acids. An acidic haze is formed.
When itrains, the droplets pass through the haze
and acid rain falls to the earth. Winds carry acid
clouds over great distances. Acid rain kills forests
and lakes and rivers.
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(4) Eutrophication

Eutrophication of lakes and waterways occurs
as aresult of excessive fertilization in agricul-
ture. It involves a buildup of concentration of
nutrients, in particular of phosphates and nitrates.
The growth of algae is stimulated (even to the
pointof algae "bloom").increase level of organ-
ic matter and of microorganisms lower the oxy-

gen content in the water, causing higher organ-
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isms to die. The ecological balance is disrupt-
ed. Eventually, all biological life in the afflict-
ed waterways dies. Eutrophication is common
in the waterways of the Low Countries, in parts
of Germany, and in northern Italy (the Po river
basin).
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(5) Smog

Smog is community-wide polluted air. It
describes the pall of automotive or industrial ori-
ginthatlies over my cities. There are at least two
distinct types of smog: sulfurous smog (winter
smog) and photochemical smog (summer smog).
Sulfurous smog results from high concentrations
of sulfur oxides in the air and is caused by the
combustion of sulfur-bearing fuels. It is aggra-
vated in the presence of dampness and high con-
centration of suspended particulate matter (SPM)
in the air. Photochemical smog requires neither
smoke nor fog. It is caused by photochemical
reactions in the lower atmosphere prompted by
hydrocarbon and nitrogen oxides emitted by auto-
mobiles and other sources. The atmosphere
becomes lightly brownish there is reduced visi-

bility, plant damage, irritation of the eyes and
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respiratory distress.
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(6) Pesticides

Pesticides are man-made products used to
combat agriculture pests. The main categories
of pesticides are insecticides, herbicides, fungi-
cides and disinfectants. Most of them are not bro-
ken down when released into nature, and thus
eventually enter the ground water and the food
chain. The contamination of the water table is a
serious problem in the European Union and about
65 percent of the regions exhibit concentrations
above the maximal recommended levels. The
toxic effects of pesticides present in the water
and in foods are still debates. Small does of the
herbicides dioxin cause rhesus monkeys to stop

their production of red and white blood cells.
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(7) Others

Many heavy metals are poisonous to man.
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Lead, cadmium, arsenic and mercury belong to
this category. Lead intervenes with the biosyn-
thesis of blood in the human body and it attacks
the nervous system. A major lead pollutant used
to be leaded gasoline. Cadmium is present in
many fertilizers. Mercury causes cerebral dam-

age. Even mercury fillings teeth are dangerous.
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Max pBx
Subject to AxSW, xZO ................................. (1)

5. Linear programming for factors
of environmental impact

Porfessor Yang, Chiao-znn indicates there
are several major components to construct a lin-
ear model; clear objective, alternatives, limited
resources, relations and assumptions. Assuming
linear production technologies, we provide a brief
classification of the environmental impacts of
production and demand. The starting point is a
simple activity-analysis type model of the pro-
duction activities of a corporation. Use the fol-
lowing notation:

* x 1s a column vector of unknown activi-
ty levels operated by a company, each activity
representing an alternative method of produc-
tion;

* w is a column vector of supplies of

. ’ ! i & \ u & e
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resources, assumed fixed and given;

* A is a matrix of input coefficients; each
element denotes the quantity of a resource
required to operate an activity at unit level, the
vector of requirements of the various inputs is
then A4 x;

* Bis amatrix of output coefficients; each
element is the quantity of an output obtained when
an activity is operated at unit level, the vector
of quantities of the various outputs obtained from
production is then Bx;

* pisarow vector of prices of outputs, the
market value of all output produced by the com-
pany is then pBx;

The task of maximizing the total revenues
of the company. Subject to the given availabili-
ty of resources can then be written as the simple

linear programming problem.

Max pBx
Subject fo Ax S w, X 2 0 ................................. (1)
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** Hillier F. S. and and Lieberman G. J ., Part Two: Linear Programming, Introduction to Operations Research, Holden-

Day, Inc. Oakland, California, pp.27-285.

— e — =

T T

1
— g T, =

W

-




7F 0 LR (2R 8GRI A
A) T3 RAAGHBE A o —ERKE N E
BEAF G LHAE (@ RH%)  #
BRK ARG IR 5 sk o AR ARSI T
B TBTIRIG » B TR - 25 LBENE
8o Wk A RAGEA A ER 0 RIS A
HRAIKITRARAE » ERFHTHT > THK
REREZORETR > REXRTRZF
FHm o M FAABRRIFHEIRA

(1)Environmental impact to resource users

Designer should consider the limitation of
natural resources. For industries, to limit the usage
of resources (power generating, water consum-
ing) means to decrease the production abilities,
decrease the export,and increase Unemployment
Rate. It is not easy to limit certain regions and
resources, especially worse for international
nations. So it is a good way to reflect the cost of
resource limitation in product cost or govern-
mental taxes.

Ground water is many instances a public good
rather than a private good, and its price (essen-
tially the unit-drilling and pumping cost) may
grossly underestimate the true opportunity cost
ofitto society. A lowering of the water table may
occur at the result of excessive use of water, or
unsuitable land developments (golf courses); it
may also take place as a result of environmen-
tal changes prompted by actions of man such as
deforestation and urban growth.

BR()ATH > RTS8 E s ¥
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In model (1) above, the concerns now dis-
cusses translate into questions whether corpo-

rations should be free to make use of the entire

supply of resources w available to them or

whether society somehow should intervene, for-
mulating a column vector of goal w and impos-
ing the restrictions.

Ax < w,
w<r, x>0
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In the first instance, we shall assume that
these goals w are "hard" upper limits, which may
notbe violated by the companies. Later we shall
also deal with "soft" goals that may be violated,
but at a cost. The linear programming problem
of the corporation, earlier written as (1), now

takes the form

Max pBx
subject to Ax<w,
w<r, xr7 20

Ax < w,
wSr, o xr 20 e, 2)
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(2) Environmental impacts of the operations pro-
duction activities
Sometimes the current inputs into production
processes pose grave dangers to workers, oreven
to the community at large. Herbicides and pes-
ticides used in agriculture contain toxic elements
that may find their way into the food chain even-
tually or enter the ground water. One of the first
synthetic pesticides was DDT, which accumu-
lates the lethal levels in the food chain, killing
birds and fish. In other instances, outputs of tech-
nologies have undesired side effects. Consider
the industrial use of fossil fuels (natural gas, oil
or coal) for production and for transportation.
Alltechnology using energy generated from the
burning of fossil fuels weaken damage to the envi-
ronment. Each of these fuels involves long net-
works of exploration, extraction, distribution and
marketing. Each fuel requires its own combus-
tion technology, delivering a unique mix of out-
puts, kilowatt-hours together with carbon diox-
ide, carbon monoxide, sulfur and a plethora of
other byproducts with long complicated chem-
ical names.
RA — B R AR R T AR AR LY B
T A RBREAELE LR 0 o REA
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Yet other example can be quoted when the

concern does not necessarily relate to the release

of unwarranted or dangerous substances into the

1
o e

environment, but to other potential dangers asso-
ciated with technology. Some production tech-
nology involves small risks of very serious acci-
dents, such as nuclear technology or the trans-
portation of oil in single-hull tankers. In all exam-
ples now mentioned, public opinion has risked
whether corporations should be at liberty to oper-
ate these various technologies at will, or whether
society should impose limitation on activities
that entail harmful consequences. Returning to
model (1), one shortcut way of representing such
intervention would be to lay down goals on the
operation of agriculture and industrial activities,

say x and insist on restriction of the type
x<f* ox, fF20

AAZ 3 R— & 44T A 0 I BATIR

s BT AR B EGH AR, > R
EA—BAIEF KRB > BHEEEX(DE :

Goals may be necessary be formulated for
all activities. Formally, one may then put the cor-
responding elements of x equal to a very large

positive number.

Max  pBx
subject to Ax <w,
O S X ST ceveneneei 3)
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Note in particular that such constraints (a
more fanciful word is "industrial policy") may

actually, if properly designed, serve the role not
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only of deterring corporations from employing

harmful technology but inducing them to switch
to new and more environment-friendly tech-
nology. To see how this works, it is enough to
consider the mathematical possibility that some
harmful technologies are entirely banned and the
engineers are left with the task of designing new
technologies that would replace the banned ones.
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(3) Environmental impacts of consumer demand
In the public debate, the private corporation
often becomes the whipping boy, accused of all
the environmental sins of our material civiliza-
tion. But some of the most serious culprits are
common men and women, the consumers of all
the bounty of model technology. Examples of
consumer products that harm the environment
are everywhere to be found. To see this, one needs
only to ask the question what happens to an every-
day consumer good after it has been used or used
up. It then starts a long and zigzagging journey
back to nature, as pollution in the air, in the water,
in the forests, or accumulating in the landfalls.

Use the notation d to denote the column vec-

tor of consumer demand for the products of the

corporation. If prices are left free to clear mar-
kets,consumer demand will equal industrial out-

put.
d<d*
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Now, to stave off the harmful effects of
excessive demand, society may be interested in
activity demand for the harmful products, insist-
ing on limitations of the type
d=Bx <d*
Max pBx

subject to Ax <w
Bx < d%

x,d=0

KX (4) 5 12 8B A S 4% R T =k K,
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Once of the purpose of model (4) may be
to study the conditions under which it is possi-
ble for society to simulate the recycling of con-
sumer products, thus limiting the harmful effects
on the environment.
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(4) Environmental impact coefficients

Given a vector of economic activities x, one
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may calculate the environmental impact of these
activities by multiplying each activity with one
or several impact coefficients. A crude way of
accomplishing this is to lump all environmen-
tal burdens together in a single measure, such
as kilograms of Hazardous Waste and Toxic
Release Emission as defined in the Resource Con-
servation and Recovery Act, subtitle C. Much to
be preferred, however, is to spell out a detailed
list all wastes and emission of various greenhouse
gases, of poisonous metals etc. Let E be a matrix
of environmental impact coefficients; each ele-
ment is the quantity of a particular waste or emis-
sion produced when an activity is operated at unit
level. The quantities of the various hazardous
discharges resulting from production are then
h=Ex.Impose now policy restrictions on the haz-

ardous discharges

A X TR g
B,

This relation can be seen as mathematical-

AKX B)F > G HE

ly equivalent to (3), and the resulting linear pro-

gram can be written as program as before;

Max pBx
subject to Ax <w,
h=FEx < h", x,h* >0 «coovveevemieiiii (5)
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(5)"Policy making" to environmental impact

When policy-makers try to grapple with envi-
ronmental problems two alternatives approach-
es to policy usually present themselves: (1) Direct
regulation. Examples: Government regulation
of automobile carburetors and exhaust systems,
and regulation of exhaust systems in electric pow-
er stations and the steel industry. The licensing
of new pharmaceutical products by the Food and
Drug Administration. (2). Environmental fees
and taxes. Examples: excise taxes on motor oil
(financing the collection of dirty and spent motor
oil), environmental fees on levied on glass bot-
tles used for beer or wine (stimulating recycling)
taxes on tobacco, parking fees in cities. Anoth-
er interesting example is the proposed carbon-
dioxides tax.
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From a political and administrative point of

view, these two approaches work in very differ-
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entways. Yet, in a certain sense, they can be seen
as mathematically equivalent. Direct regulation
induces producers to modify their economic
behavior by imposing constraints on their linear
programming problem. Excise taxes, when cor-
rectly assessed, caused mathematically equiva-
lent adjustments of producer behavior on the dual
side of the linear programming problem. TO
understand this, it suffices to note that the dual
variable of an environment constraint can typi-
cally be interpreted as an excise tax designed to
implement the constraint. Why the dual variable
of aresource constraintin a producer linear pro-
gramming problem can always be interpret as the
highest price that the producer would be will-
ing to pay to acquire one more unit of the con-
strained resource. The dual variable of an envi-
ronmental constraint, limiting the use of a
resource, is the highest subcharge above the free
market price that the producer would be willing
to pay for the constrained resource. Apparent-
ly, an excise tax equal to this subcharge would
cause the producer to adjust equivalently.

BTHELEZTAEF @it » £F K
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To develop the argument in slightly more
detail, consider the dual program corresponding
to (1),

Min gqw
Subject to qA ZpB, q 2 0 .......................... (6)

qAHHBERI AT ATFEROFT
RAs > AR HEX(6)BALE » FFTHHT
Rl 32 S0 IR ] K (2) 89 #H4% R B K 4o

The letter q is used here to denote a row vec-
tor of dual variables,denoting the shallow prices

of the resources. Using (6) as a starting point, it

is then easy to write down the dual formulation

of the various environmentally constrained pro-

grams listed. For instance, the dual to program
(2) reads

Min gw+t w*
Subject tO (q+T)A ZpB, q20 ................... (7)
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where 7 is row vector of excise taxes. To
interpret (7), note first that it no goal constraint
has been imposed on a resource, so that that
resource goal equals the available supply, the
excise tax levied on that particular resource is
zero. Butif the goal is less than the available sup-
ply, the excise tax is positive.
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This should not surprise because as we have
pointed out, negative externalities arise when
property rights have not been defined. Some eco-
nomics agents can then make use of scare factors
without paying their full price. The "full price"
would have included payment for those scarci-
ties that have no owner. The excise tax simulates

the payment that would have been charged by
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suchafictitious. This does not necessarily mean
that the government steps in as the nominal own-
er of those scarcities for which property rights
have not been defined.
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Sometimes it is possible for the government
to set up institutional frameworks that lets the
free market mechanism take over both the cal-
culation and the collection of the governmental
tax. One way to accomplish this is to issue trad-
able permits, like the sulfur emission allowances
traded by electric utilities in the US. The insti-
tutional framework was defined in the Clean Air
Act. Electric utilities that make extra-deep pol-
lution cuts get credits that they can keep or sell
to other power plants. The resulting market price
of the pollution permit equals the shallow price
of the pollution constraint.
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In words, program instructs the producer to
minimize the value of all available resources,
adding the excise tax to the market price on the

actual use of each resource. The producer should

minimize this value subject to the constraint that
no activity must be operated as aloss. By the dual
theorem of linear programming, programs are
mathematically equivalent. The other direct lin-
ear programming formulations listed have sim-
ilar duals, and the equivalence of the direct and
the corresponding dual formulations can be

demonstrated thoughtout.
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6.Conclusion

Economists said 'we should stop aggrava-
tion of globe warming now.' Greenhouse effect
locks heat in the atmosphere and contributes to
the rise of global temperature. A rise of 5°C will

influence the harvest of crops and cause the rise
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of sealevel; as aresult,not only developing coun-

tries such as Bangladesh, but also the coastal met-
ropolitan cities such as London, Shanghai and
New York, will be flooded; besides, shortage of
fresh water will bring about a serious impact upon
the lives of over 1 billion population. To allevi-
ate global warming, Martin Wolf, chief economic
commentator of the Financial Times, suggests
that three measures, setting effluence rate for
greenhouse gas, investing in new technology and
legislating for the supervision of energy effi-
ciency, must go hand in hand. There is only one
earth; be environment friendly. We could all par-
ticipate in the destruction of the living environ-
ment of the earth and the mankind might be head-
ing for the catastrophe like "The Day after Tomor-
row." Some people may think that the director of
the film is too pessimistic or too worrisome. We
may not live to see the occurrence of the disas-
ter, but we must make every effort to prevent
the disaster. Only preventive efforts can save the
earth from the doomed destiny and guarantee our
offspring an ever-lasting living environment.
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For the government, military units, enter-
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prises, and even the consumers at the end of the
supply chain alike, actions for production such
as input of resources, transfer process, trans-
portordelivery,consumers' excessive demands
for comfort, mass exploitation, destruction, chal-
lenge to the nature, and impact to environmen-
tal balance, take place all day long. Therefore,
throughout the maintenance, production, replace-
ment, recycling and recovery stages of military
equipment, it is necessary for the government
and the military authorities to formulate policies
to govern the use of resources non-exclusive to
private enterprises or corporations, such as clear
air and subterranean water, so as to integrate
the factors incurring environmental impact into
the overall cost of developing new products.
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In conclusion, as far as the ROC integrat-
ed logistics management is concerned, in the var-
ious stages of the life cycle of weaponry systems
or military equipment, including acquisition of
raw material, transportation, processing to semi-
finished product, transfer, finish, distribution,
deployment and usage, violations of the prop-
erty right of the public goods will arise. How to
minimize environmental pollution is the focus
of this study. This study translates, revises and

utilizes the linear programming model offered
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by Professors Thore and Ferrao. It is sincerely
hoped that the military authorities take the mod-
el into serious consideration when they draw

plans for the life cycle of weaponry systems.
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