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(ABSTRACT)

This dissertation develops a systems theory perspective of the
concept of sustainable development, and explores a systematic approach to
employ this concept to an economic analysis. An examination of interpre-
tations, foundations and the framework of the concept of sustainable
development is conducted; and an empirical application of this concept
through a multiple criteria evaluation of agricultural management systems
in Richmond County, Virginia is presented.

Various -interpretations of the concept of sustainable development
are found to be based on Six "E" consideratioﬁs: Economic, Energy,
Environmental, Ecological, Equity, and Ethical. These interpretations
with their different foci constitute a three dimensional view of economic
development while neo-classical economics has a one dimensional view. The
concept of sustainable development recognizes absolute resource scarcity,
which is represented by the limited quantity of resources for inputs to
economic systems; and is represented by the limits of the assimilative

capacity of the environment for waste discharges. Advocates of the



capacity of the environment for waste discharges. Advocates of the
absolute quantity limit of resources generally employ the second law of
thermodynamics, but a close examination indicates that this application of
the second law is incorrect. The inapplicability of the second law thus
widens the range of alternative choices that can be included in the design
of a sustainable development path. For example, low-input sustainable
agriculture loses its self-evidence meaning of sustainability. Its
sustainablity should depend on its economic, environmental, and social
values in different areas.

To employ a multiple criteria approach to evaluating economic and
environmental impacts of agricultural management systems in Richmond
County, Virginia, a multi-objective dynamic programming model; coupled
with the Chemical, Runoff, and Erosion from Agricultural Management
Systems simulation model; is developed. The results of the model suggest
an improvement in economic and environmental benefits can be achieved
through use of a mixture of legume and non-legume cover crops rather than
use of poultry litter as fertilizer source or simply lowering fertilizer
application rates. The results also indicate there is no possibility of
achieving a 40% reduction of nitrogen loading as required by Chesapeake
Bay Agreement by employing the any of 14 agricultural management systems

analyzed in this study.
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Chapter 1 Introduction

Many disciplines have been challenged by the concept of sustainable
development, and also contributed to this concept with various
interpretations. These interpretations, thus, could be thought of as the
projections of the concept of sustainable development on different
disciplinary and public "screens" with different "color." These "colored
projections” complement each other and constitute a "hologram" of this
concept. The vitality of an individual interpretation is determined by
its compatibility with other interpretations. The realization of
sustainable development in a society depends on the compatibility of the
concept with social ideology, the social environment, and social
relationships; which are changed with time; human knowledge; ethics; and
economic conditions in different stages of socioeconomic development.
This dissertation demonstrates a systems theory perspective of the
concepts of sustainable development, and explores a way to employ this

concept in an empirical economic analysis.

1.1 Several Points on the Concept of Sustainable Development
"Sustainable development as a concept represents the latest step in
a long evolution of public concerns with respect to both natural resources
and to the environment (Batie, 1989, p.1083)." The concept of sustainable
development evolved in the 1late 1980's. The global challenge of
environmental decline and the new understanding of the environment
contributed to the formation of this concept. Environmental trends,
including desertification; deforestation; acid precipitation; and global

1
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warming, threaten to radically alter the planet and the lives of many
species upon it, including humans. It became impossible to separate
economic development issues from environmental issues (World Commission on
Environment and Development, 1987). In terms of humans’ reaction to these
environmental trends, "the call for sustainable development resonates with
the rise of new understanding of environmental systems, technology, social
organization, knowledge, value, and their interplay (Norgaard, 1988,
p.614)." Therefore, formation of the concept of sustainable development
is the product of evolution of the global system, which includes human
societies, biosystems, and physical systems.

One of the important features of the concept of sustainable
development is pluralism; pluralistic concepts and pluralistic forms of
knowledge. One definition of sustainable development that is commonly
accepted is economic development which "meets the needs of present without
compromising the ability of future generations to meet their own need
(World Commission on Environment and development, 1987, p.8)." However,
interpretations of the nature of sustainable development are varied.
Debate on the implications of sustainable development have been broadly
extended from its original economic concern to environmental, ecological,
social, political, and ethical concerns. The hypotheses and philosophical
bases of these interpretations are so different that the desire for
sustainability may be the only overlap among these interpretations. In

terms of forms of knowledge, the concept of sustainable development,
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originally in the form of "scholarly knowledge"!, is strongly influenced
and affected by the "folk knowledge"? of individuals in human societies.
The benefit from pluralism is potential new avenues of inquiry into
sustainable development (Castle, 1990).

Two ambiguities of the concept of sustainable development are: what
is the direction of sustainable development, and how can sustainable
development be measured? A co-evolutionary process does not necessarily
result in sustainable development for all societies (Norgaard, 1988).
There is no evidence that evolution of human societies and ecosystems has
a direction, called a "time’s arrow," which can be measured. Therefore,
the direction of evolution can not be said to go "up" or "down" (Boulding,
1978).

One of the important values of the concept of sustainable
development is as a guide to the decision and policy making processes
related to environmental and natural resources management. For example,
Norgaard and Dixon (1986) suggested modified benefit-cost analysis for
pluralistic project design. Improved traditional techniques of economic
analysis and new evaluation techniques are needed to analyze the empirical

problems under the guidance of the concept of sustainable development.

1 nScholarly knowledge is what is acquired and transmitted by
specialists in the acquisition and transmission of knowledge (Boulding,
1983, p.7)."

2 "Folk knowledge is what we acquire in the ordinary business of life
(Boulding 1983, p.7)."



1.2 Objectives of this Study

This study includes two basic parts: a theoretical study on the
concept of sustainable development and an empirical application of
multiple-criteria evaluation to agricultural management systems in
Richmond County, Virginia.

The objectives of the first part are:

e to briefly review various aspects of the sustainable development
concept with emphasis on exploring the pluralistic characteristic of the
concept of sustainable development;

e to present a systems theory perspective of the concept of
sustainable development and neoclassical economics, and to appeal for
inter-disciplinary research;

e to employ a cognitive systems approach to analyze the
applicability of the second law of thermodynamics, one of the foundations
of the concept of sustainable development, to the conclusion of absolute
limits to growth; and

e to analyze low-input sustainable agriculture production systems
with emphasis on exploring the multi-objective characteristics of these

agricultural production systems.

The objectives of the second part are:

e to develop empirical techniques to evaluate the economic and
environmental impacts of low-input agricultural management systems, which
are assumed to represent a step towards sustainable agriculture, in

Richmond County, Virginia;



5
e to develop parameters for the CREAMS simulation model in order to
be able to predict and compare non-point source pollution and crop yield
response of agricultural management systems; and
e to employ a multi-objective dynamic model to quantitatively
determine consistent and inconsistent relationships between economic and
non-point source pollution impacts of conventional and low-input

agriculture.

1.3 A General Outline of this Dissertation

The remainder of this dissertation is organized in following manner.
Chapter 2 presents a theoretical study on the concept of sustainable
development. Chapter 3 develops a general multi-objective dynamic
programming model for empirically evaluating economic and environmental
impacts of the agricultural management systems. Chapter 4 presents the
results of the general model and discusses results wunder several
scenarios. Chapter 5 summarizes the dissertation, offers some
conclusions, discusses the limitations of the study, and suggests further

research.



Chapter 2
Examination of the Concept of Sustainable Development: Interpretation,
Foundations, and Framework

In this chapter, various interpretations of the concept of
sustainable development based on different foci are first discussed.
Then, a systems theory perspective of the concept of sustainable
development and neoclassical economics is presented. Finally, two
applications of systematic analysis, including examination of the
foundation of sustainable development and features of low-input

sustainable agriculture, are presented.

2.1 A Brief Review of the Sustainable Development Concept: The Six "E"
based Considerations

"Sustainability appears to be accepted as the mediating term
designed to bridge the gulf between ‘developer’ and ’'environmentalists’.
Its beguiling simplicity and apparently self-evident meaning have obscured
its inherent ambiguity (O'Riordan, 1988, p.29)." The concept of
sustainable development has been interpreted in numerous forms with
different foci. These various interpretations of sustainable development
are generally based on six "E" considerations: Economics, Energy,

Environment, Ecology, Equity, and Ethics, and will be discussed below.

2.1.1 Economic Considerations of Sustainable Development
The concept of sustainable development is economically oriented.
The World Commission on Environment and Development (1987, p.8) pointed

6
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out that the economic implications of the Commission’s definition of
sustainable development described in chapter one are: (1) "the present
generation can not borrow environmental capital from future generations
with no intention or prospect of repaying," that is, the decline in the
endowment of natural resources could limit a future generations’ economy
if a repayment is not given by the present generation; (2) these limits
are "not absolute limits but limitations imposed by the present state of
technology and social organization on environmental resources and by the
ability of the biosphere to absorb the effect of human activities," and
(3) in terms of future economic growth, "technology and social
organization can be both managed and improved to make way for a new era of
economic growth."

Conceptually, this definition of sustainable development can be
accepted by either neoclassical economists and some advocates of
sustainable development even though their interpretations of the
definition may be different. The neoclassical economics view of
sustainable development is basically defined in terms of efficiency,
including temporary and intertemporal efficiency. For example,
Hotelling (1933) argued that the net price (prices minus marginal cost of
extraction) of a given resource should be used over time at rate equal to
society’s discount rate. The neoclassical view of sustainable development
includes the concepts of that: (1) price of a natural resource can be a
measurement of scarcity of the natural resource; (2) scarcity of natural
resources can be mitigated by substitutes, technological development, and

exploration, which are activated by using price levers (Randall, 1987);
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(3) limits to economic growth can be avoided through expert management of
technology at least in the near future; and (4) inter-generational equity
will be realized because the "repaying" of resource uses by the present
generation to future generations could include knowledge, expanded
research capacity, improved technology, reproducible capital goods,
improved social institutions, as well as environmental and natural
resource assets (Veeman, 1989).

Batie (1989) pointed out that within this definition, some advocates
of sustainable development defined several paths of sustainable
development such as maximizing subject to constraints (Pearce, 1987) and
enoughness (Sachs, 1989). The former path pursues economic growth subject
to environmental constraints. The latter path requires greatly reducing

rates of economic growth and minimizing the use of natural resources.

2.1.2 Energy Considerations of Sustainable Development

Some advocates of sustainable development challenge the basic point
of unlimited substitutes. They believe that resources, in terms of
workable energy are absolutely limited and their use will lead to their
exhaustion in the near future. The last 400 year boom in the world
economy has led to population increase and exploitation of non-renewable
resources. Vitousek et al. (1986) estimated that nearly 40 percent of

potential terrestrial net primary productivity® is used directly, co-

3 "Net primary productivity is the amount of energy left after
subtracting the respiration of primary producers (mostly plants) from the
total amount of energy (mostly solar) that is fixed biologically
(Vitousek, 1986, p.368)."
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opted, or foregone because of human activities even though homo sapiens is
only one of about 5 to 30 million animal species on the earth. Therefore,
the existence of absolute energy based limits to economic growth will come
to play in the near future, maybe in the next generation. Controlling
population and the scale of the economy is necessary (Daly, 1990).
Advocates of energy considerations of sustainable development believe that
it is the given amount of low entropy energy that limits the economic
growth and can lead to extinction of human societies. A detailed
discussion of the energy considerations of sustainable development can be

found in section 2.2.3.

2.1.3 Environmental Considerations of Sustainable Development

Public concerns relating environmental problems arose from damage
caused by the rapid economic growth following the Second World War (World
Commission on Environment and Development, 1987). Unlike prior to the
War, these public concerns increasingly emphasized on aesthetic and
amenity uses of environmental resources due to a rapid growth of interest
in outdoor recreation in the 1950’'s (Batie, 1989). Environment has been
recognized as a scarce resource, which has the functions of: (1) supplying
useful material and energy inputs for the economic processes, (2)
providing certain utility through aesthetic or amenity uses, and (3)
assimilating the wastes generated by economic processes (Barbier, 1990).

In terms of the first function of environmental resources,
environmental considerations of sustainable development are similar to the

economic considerations of sustainable development above. The second
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function leads to evaluating the environmental value of resources based on
the private preferences of individuals or public preferences. Individuals
have private preferences and public preferences. Private preferences
assign non-market values to environmental services in terms of willingness
to pay and willingness to be compensated. Public preferences involve
opinions and beliefs about what ought to be the case rather than
individual desires or wants, which are the basis of social norms and
legislation. Consideration of the assimilative capacity of the
environment is, in a sense, similar to the ecological consideration of
sustainable development. "These advocates are concerned with limits to
growth posed by the pollution of the environment (Batie, 1989, p.1089)."
Since entropic throughput from economic process 1is discharged to the
environment, environmental constraints could ultimately cease the economic

growth (Daly, 1990; Georgescu-Roegen, 1971).

2.1.4 Ecological Considerations of Sustainable Development

Discussion relating to ecological considerations of sustainable
development occupies a large percentage of sustainable development
literature. Basic topics of ecological considerations of sustainable
development involve ecological carrying (or assimilative) capacity,
species diversity, ecosystem resilience, and the rights of non-human
species. Assimilative capacity of ecosystems has been argued as an
alternate 1limit to economic growth. Ecological economists, as
representatives of ecological considerations of sustainable development,

aim to extend the modest area of overlap between economics and ecology and
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to find new ways of thinking about the linkages between ecological and
economic systems (Costanza, 1989).

Furthermore, deep ecologists purport to speak more directly for the
biosphere as a whole and seek a better relationship between humans and
other forms of life to save the earth and to create more ecologically
sound ways to live upon the earth. They celebrate individual personal
relationships with the ever-shrinking world of "wild" nature and embrace
a wide variety of political, artistic, and philosophical approaches for
expressing and deepening those relationships (Tokar, 1988). From this
point of view, ecological considerations of deep ecologists are close to
ethical considerations of sustainable development.

Another type of ecological consideration of sustainable development
came from social ecologists. Social ecology emphasizes the historical
unity of ecological and social concerns. For example, merging of
ecological and anti-militarist concerns led to the foundation of the Green
party in Europe (Tokar, 1988). This type of ecological consideration is
politically colored and is close to equity considerations of sustainable
development.

Proponents of ecological considerations of sustainable development
may represent the biggest group of sustainable development advocates.
Failures in managing the human environment and in spreading benefits
associated with economic growth to all members of societies, as well as
the dynamic evolution of human knowledge lead to different groups of
people in society preferring ecologically sound development paths. The

complexity of ecosystems also attracts humans’ curiosity of exploration,
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and plays an important role in the development of ecological

considerations of sustainable development.

2.1.5 Equity Considerations of Sustainable Development

Equity considerations of sustainable development include emphasis
on: (1) intra-generational equity, (2) inter-generational equity, and (3)
extending equity to non-human species. The first two considerations are
mostly based on Rawls’ (1971) theory of Justice which stated that only a
just society is sustainable. Originally, Rawls’ (1971) theory of justice
concerned intra-generational justice. Individuals in an original
position, where they face a "veil of ignorance" about their exact location
in society, such as rich or poor and advantaged or disadvantaged, will
secure the greatest protection possible against the risk of being the
poorest members of society. Rawls’ (1971) results suggested maximizing
primary goods* available to the most disadvantaged individual in society.
Rawls’ (1971) justice law was extended to an inter-generation context by
Page (1977). Changes from the intra-generational to inter-generational
analysis include: (1) individuals who face the "veil of ignorance" can
come from different generations, instead of coming from contemporary
society; and (2) extending Rawls’ law to suggest that natural resources
availability to the poorest generations should be maximized, instead of
primary goods to the poorest individuals. The extension was suggested

because if the endowments of natural resources vary between generations,

* Primary goods are rights and liberties, opportunities and powers,
income and wealth (Rawls, 1971).
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primary goods will vary between generations. To maximize the natural
resources available to the most disadvantaged generation in human history,
an individual will choose equal generational use of natural resources
(Pearce, 1987). Therefore, the extension of Rawls’ justice to the inter-
generational consideration is implicitly built on the assumption of
existence of absolute limits to natural resources.

Extension of equity to non-human species argues for the rights of
non-human beings, which is similar to ethical considerations of

sustainable development. That consideration will be discussed below.

2.1.6 Ethical Considerations of Sustainable Development

Ethical considerations of sustainable development search for new
environmental ethics, apart from utilitarianism that is the ethical bases
of the traditional approach to economic decision making and policy making.
These new environmental ethics include ethics for justice of human society
and ethics for non-human beings. The former concerns intra- and inter-
generational justice. The later concerns non-human species rights.

Since neither utilitarianism nor libertarianism can support an
ethical basis for the principles of intra- and inter-generational justice
requiring equal treatment for all persons as well as non-human beings,
environmental ethicists need a new theory of justice. As mentioned above,
Rawls’ theory of justice is commonly used as the framework of ethics for
intra- and inter-generational justice. However, Rawls'’ theory is not free
from criticism. The dual nature of Rawls’ theory results in conflicts as

soon as the analysis moves away from a self-contained society of
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contemporaries (Wolff, 1977). When Rawls’ theory of justice is applied in
an inter-generation context, a permanent 1livability criterion is
suggested, which states that the only justification for unequal resource
endowments for each generation is if all generations can made better off
as a result of this inequality. Not too surprising, intertemporal
efficiency and intertemporal justice are likely to be in conflict (Pearce,
1987).

Collectivism also has been suggested to be the basis of the
environmental ethic. Given a collectivist position, the principle of
inter-generational equity can be interpreted in terms of a "justice as
opportunity" argument and a "Lockean Standard". Each generation should
leave enough and as good for others that follow on. The sustainability
principle of collectivism relies on keeping a constant natural capital
stock. That is, the present generation compensates for any reduction
caused by their access to easily extracted resources and conveniently
located investments designed to offset the impacts of depletion.

Ethics for non-human beings include: 1) anthropocentric
environmental ethics, (2) ecocentric ethics, and (3) biotic
egalitarianism. Anthropocentric environmental ethics is also called an
extended stewardship ideology. The basic idea is that humans should act
as natural stewards and practice careful husbandry of natural resources,
for their own sakes and protection of other creatures. As a result of
this perspective, the total economic value of a resource includes three
parts: (1) actual use value, (2) option value, and (3) existence value.

Where, actual use value is market value; option value is the value of
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environmental amenity or resource as a potential benefit measured as the
willingness to pay or willingness to accept. Existence value 1is an
intrinsic value and is different to "indirectly use value" (Pearce, 1987;
Hargrove, 1989).

Ecocentric ethics state that non-human species are inherently
valuable and possess moral rights. The class of morally considerable
being should be extended to systems and not just individuals. The anchor
point for this position is Leopold’'s ’‘Land Ethic’. The summum bonum of
the land Ethic is the integrity, stability and beauty of the biotic
community (Hargrove and Callicott, 1990)

Biotic egalitarianism argues equal rights for all species must be
recognized, at least in theory. Deep ecologists believe that only biotic
egalitarianism can offer adequate environmental protection.

Obviously, there is difficulty in going beyond saying that ethical
standards apply to non-human beings, to empirically applying these ethics.
Two major problems are: (1) how to discover the intrinsic value of non-
human species, and (2) what the principles or rules for adjudication of
cases where human and non-human moral interests come into conflict is.

Different considerations of sustainable development contribute
alternate ways of thinking about sustainable and development. A systems

theory perspective of these considerations is given in the next section.














































































































































































































































































