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Summary 
 
Nature is a circulating and open system. It is obvious that if humanity loses the balance 
with nature, the impact will be not only on humanity but also on others. Humankind 
should pay attention to external effects, visible and invisible, of the system of nature. 
We should not forget the basic fact that fundamental goods of existence belong to nature 
itself, which we utilize without paying the cost as if they are free goods. 
 
Since the Industrial Revolution, we have succeeded in raising the standard of material 
living by developing natural science, accumulating know-how, and transforming these 
achievements into technological innovations. The prosperity, however, has been built 
upon sacrificing the ecosystem, because our goals were the growth of the economic 
system and maximum profit. We have reached the point where the materials and energy 
(throughput) which the economic system has taken from ecosystem (natural capacity of 
purification, including recycling capacity, etc.). Ecology has given warnings to us in this 
regard. 
 
Therefore, we should create a new economic system in order to achieve coexistence 
between eternal existence of humanity and other living existence. The new economic 
system should be based on the principle of coordination and adjustment between 
economic system and ecosystem. Environmental degradation in the twenty-first century 
cannot be prevented without addressing this fundamental point. We should change our 
way of seeing nature as just inputs for our economic activities. More importantly, the 
economic process of nature has essential functions to sustain lives. We should recognize 
not only use of resources as marketable goods but also environmental benefits 
(environmental goods) which we utilize free of charge like goods. 
 
Previously, we did not have this recognition and simply exploited the ecosystem, 
treating it as an economic process. Now, we should consider the throughput value of the 
ecosystem, centering on natural processes as potentials that have multiple functions in 
terms of circulation and movement of materials and energy. Urgent analysis of the 
relationship between the economic system and ecosystem is undoubtedly required. 
 
1. Introduction 

1.1 Global Environment Heading Toward Destruction 

The human population of the Earth is currently increasing at an annual rate of 100 
million, and the annual loss of forests, as a result of cutting trees for timber and fuel, is 
11.3–20.0 million hectares (or about 0.44 km2 per minute). This and other afflictions, 
such as desertification of over 5 million hectares, the drying up of water resources equal 
to hundreds of millions of tons, depletion of oxygen by amounts that can sustain 200–
300 million people, and reduction (by hundreds of millions of tons) of the capacity to 
absorb carbon dioxide, have endangered the Earth’s very viability 
 
Desertification alone causes food losses amounting to over US$ 15.6 billion (equivalent 
to an amount that can support some 15 million people in developed countries). If this 
continues to increase yearly, it will be equivalent to the total food consumption in Japan 
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over a ten-year period. A continuous population increase of some 1.4 to1.6 times the 
present 5 to 7 billion is expected to reduce the per capita area of arable land to between 
0.15 and 0.3 hectares in the twenty-first century. 
 
Destruction has also reached into the natural environment. For example, long and 
improper use of large amounts of agricultural chemicals for pest control has resulted in 
accumulation of toxic material in humans and animals with the resultant potential for 
incurable diseases. It is further thought that these substances have begun to erode even 
the functions of the ecosystem itself, as their concentrations have reached levels that 
ecological processes are unable to handle. 
 
On top of the urgent need for action taken to prevent hunger and disease, there is also an 
urgent need to control pollution from industry and private households. 
Chlorofluorocarbon (freon) is used as a refrigerant, in the electronics industry, and as a 
solvent that is chemically stable and economically advantageous. It is also used to 
propel gas from hair spray, pesticide, and other such cylinders. It has been recognized, 
however, that CFCs in the atmosphere cause depletion of the ozone layer, most notably 
above the Arctic and the Antarctic. It is feared that continued depletion of atmospheric 
ozone will increase levels of carcinogenic ultraviolet solar radiation falling on the 
Earth’s surface. 
 
Global warming is another concern. Warming is caused by increased atmospheric 
concentrations of carbon dioxide, methane (resulting, from water pollution and 
increased numbers of cattle) and chlorofluorocarbons. To reduce concentrations of 
carbon dioxide, it is vital that all countries reduce their combustion of fossil fuels. 

1.2 The Theory of Economy which Preserves Global Environment 

The fundamental material circulation system is the basis of all economic activities. 
Nature is a circulating and open system. It is obvious that if humans destroy the balance 
with nature, the impact will be not only on humanity, but on all forms of life. Humanity 
should pay attention to the external effects, visible and invisible, of the natural system. 
We should not forget the basic fact that the fundamental goods of existence belong to 
nature itself and we utilize them without paying the costs, as if they were free goods. 
 
Since the Industrial Revolution, we have succeeded in raising the standard of living in 
the developed world by developing natural science, accumulating know-how and 
transforming this knowledge into technological innovation. Modern prosperity, 
however, has been built upon sacrifices of the Earth’s ecosystem, because our goal was 
maximum growth of the economic system and the maximization of profit. We have 
reached the point where the throughput of materials and energy (which the economic 
system has taken from the ecosystem) has exceed the buffering capacity of the 
ecosystem (the natural capacity of purification and recycling, etc.). Ecology has given 
warnings to us in this regard. 
 
Therefore, we should create a new economic system in order to achieve eternal 
existence of humanity and other living forms of life. The new economic system should 
be based on the principle of coordination and adjustment between economic system and 
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ecosystem. Environmental degradation in the twenty-first century cannot be prevented 
without addressing this fundamental point. We must change our view of nature as 
merely a source of inputs for our economic activities. More importantly, the economic 
value of nature and its essential function in sustaining life, must be fully recognized. We 
must value not only the marketable goods but also the environmental benefits which we 
currently utilize free of charge. 

 

Figure. 1. Material circulation model 
 

We should consider the throughput value of the ecosystem as potentials that have 
multiple functions in circulation and movement of materials and energy. There is an 
urgent need to analyze the relationship between economic system and the natural 
environment and to recreate the economic system. The model of circulation caused by 
economic activities and the global environment calculation (material circulation 
calculation) are shown in Figures 1 and 2 respectively. 
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Figure. 2. Material account production 
 

2. Classification of Resources 

2.1 Renewable Resources 

In the material circulation model, the following two cases should be considered 
ecologically when economic resources are collected. In case of collecting renewable 
resources as economic resources, the guiding rule should be not to extract economic 
resources beyond nature’s capacity for renewal. When resources are collected within 
this capacity, the potential for renewal increases. It can be called the increase in stock or 
the increase of supply capacity stemming from stock. In this case, there is a possibility 
that the annual increase of the renewable resource, R, will create increasing levels of 
profit. 
 
These increases in potential have positive stock effects for global assets. By reducing 
future profits to current values, balanced utilization of R can be promoted, resulting in 
stock increase of the global assets. When the prevailing situation is on the brink of 
collapse, with lowered regenerative power, the immediate goal is to restore regenerative 
power to the normal level. If the normal regenerative potential cannot be restored, a 
long-term restoration program is needed. It is crucial not to allow the current situation to 
degrade any further. Maintenance of the current stock and its regenerative power is a 
necessary prerequisite for sustainable development. 
 
The minimal marginal principle for extraction should be equilibrium between 
regenerative power and extraction. And the principle of normal economic activities 
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should be maintenance of global assets. When the rate of extraction exceeds the natural 
regenerative capacity, ecological balance cannot be maintained without restoration 
measures. Here, we have an issue of paying cost for erosion of global assets. Loss or the 
damage to renewable resources can be evaluated by lost environmental benefits, market 
value or cost for renewal (or exchange). At the very least, the cost to regenerate 
resources should be invested as a minimum compensation measure. 

2.2 Nonrenewable Resources 

On the other hand, in the case of nonrenewable resources, the resources just decrease. In 
this case, therefore, compensation for regeneration is impossible. However, the lost 
value of resources, when extracted or carried out, can be calculated objectively. By 
using this lost assets value as criteria, redemption for loss can be prepared. A reserve 
fund for technological preparations can be appropriated with this redemption fund. 
Appropriation of redemption for loss of resources is possible, as compensation for 
future resources. Therefore, when resources are extracted, in addition to the costs of 
extraction, compensation for regeneration or compensation for erosion is indispensable 
to deal with the impacts on resources. 
 
3. Classification of Wastes 

3.1 Industrial Wastes 

In the material circulation model, costs of treatment of industrial wastes are divided into 
two: one is the cost of treatment of final-stage industrial wastes, another is the costs for 
recycling reusable resources among industrial wastes. The sum of these two groups of 
cost should be the minimum share of expenses. Furthermore, when pollution takes place 
beyond the purification capacity of nature, the amount equivalent to the negative burden 
on the environment should be paid, as the social cost of pollution. Or, the cost of 
prevention and removal of pollution must be found. In such cases, these amounts should 
be paid as social expenses. In the manufacturing sector, in addition to the cost of 
production, the cost for treatment of industrial waste or the amount of damage to the 
environment should be recognized as a social expense. 

3.2 Household Wastes 

The consumption sector receives products from the manufacturing sector and consumes 
these products as necessary, then discharges them to the household wastes disposal 
process. Some go to the public waste treatment sector, while others go to the recycling 
industry sector as reusable resources. In the public waste treatment sector, some are 
discharged out of the economic system as final-stage general wastes and others go to the 
recycling industry sector as reusable resources, after treatment. 
 
The cost of waste treatment within the household is paid by the household. The 
recycling cost, such as cost for separation of wastes, can be offset by returned money 
(such as deposits) from the recycling industry. So, the cost of waste treatment less the 
returned money is the real share of the household, when the returned money falls short 
of the recycling cost. 
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When wastes are treated directly by the household, the household provides the labor for 
treatment. On the other hand, when households discharge their waste to public waste 
sectors, local governments or other public waste treatment sectors pay the costs of waste 
treatment or recycling. The usual situation is that these costs are shared by public waste 
treatment sectors and local government. 
 
However, when discharge of general waste from households exceeds the purification 
capacity of nature, the amount equivalent to the burden on the environment for the 
excess should be paid as a social cost. This system is not yet well established. 
 
Reusable resources coming from the consumption sector through household or public 
waste treatment sector can be transformed into inputs for the production sector, by re-
processing. Needless to say, costs arise for this transformation. And here, again, some 
nonreusable resources are discharged outside the economic system. If these discharges 
exceed the purification capacity of nature, the amount equivalent to the burden on the 
environment caused by the excess should be calculated as social costs. 
 
4. Maximization of Environmental and Social Welfare 

4.1 Environmental Benefits 

There are environmental benefits that are offered not through the market, but as free 
goods. These environmental benefits are provided directly as material goods to 
production, consumption, waste treatment, recycling and public waste treatment and 
other sectors. These benefits are currently neglected in the market economy as goods 
without share of cost. In reality, however, benefits from nature (environmental benefits 
or environmental goods) exist at all levels of production, consumption, waste treatment 
and recycling in the material circulation system, in addition to substances which are 
extracted and circulated for use as marketable goods or public goods. Strictly speaking, 
these environmental benefits belong to the material circulation process and to economic 
activities. 

4.2 Maximum of Social Welfare 

These benefits from nature are treated as noneconomic goods because they are free 
goods without share of cost and they exist outside the market process. But they are 
indispensable circulating materials that cannot be ignored in the real material 
circulation. So, the fundamental circulation system should include these benefits from 
nature. 
 
From this perspective, current economic activities based on GNP is insufficient to 
maximize socia1 welfare. Efforts should be made to minimize various environmental 
effects that are imposed on the ecosystem by the economic system. The maximum of 
social effects can be achieved only when marginal effects are adjusted and balanced 
corresponding to the total amount of various private marginal production cost, marginal 
waste treatment cost, marginal pollution prevention and removal cost, marginal 
resources compensation cost, marginal resources regeneration cost, and marginal 
pollution compensation cost. In doing so, the share of various environmental costs 
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outside the economic system can be calculated rationally as well as necessarily. They 
include costs for waste treatment, costs for prevention of pollution caused by waste 
treatment, costs for venous process such as recycling costs for compensation of 
environmental contamination caused by excess of the purification capacity of nature, 
compensation cost to restore regenerative power of nature when regenerative power of 
nature are exceeded by resource extraction and costs to maintain regenerative power of 
nature indefinitely. 

4.3 Fundamental Theory of Environmental Economics 

If we suppose that the value of ecological assets at the initial year is Vo, the value of 
ecological assets at the year T is V(T), the annual interest rate is r, and the total current 
value of positive effects, including environmental preservation effects, stemming from 
monetary investments by the year T, which in the last year of the environmental 
preservation program period is U, the equilibrium condition to realize its maximization 
in the period of T years can be calculated as follows.  
 
Here, the amount of added value as traditional welfare criteria is E(t), the amount of 
environmental benefits as criteria to be newly added is B(t), the corresponding 
economic cost is C(t) and the sum of various cost for environmental preservation is 
Ce(t) 
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To maximize new social welfare, ecological assets should be maintained sustainably in 
terms of ecology. At least, we should not degrade ecological assets that we preserve and 
utilize today and we should activate, preserve and pass on these ecological assets at the 
same level as in the past, or higher.  
 
Also, we should maintain ecological assets and preserve them for eternity. We should 
not deprive ecological assets of resources but we should make sacrifices to maintain and 
repair assets for harvesting of resources. The issue of maintenance of global assets as 
substance is the challenge of the twenty-first century that confronts humanity. 
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