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ABSTRACT

A SYSTEMS METHOD FOR EVALUATING
THE SUSTAINABILITY OF AG-PRODUCTION:
AN EVALUATION OF BANANA PRODUCTION IN COSTA RICA

By

Carlos E. Hernandez

This dissertation proposes a method for evaluating the sustainable
performance of agricultural production practices. It uses Costa Rica's banana
production industry as a case to test the method. It presents an overview of
banana production in Costa Rica based on the importance of bananas as an
export crop and the environmental and social impacts associated with their

production.

The paper takes a systems approach to define the banana production
system and explicates it with a model. Cause and effect relationships are
identified. The intensities of these relationships are derived using hard data

when available, and expert opinion when no data exists.

A panel of experts rates the conventional production practices and the
alternative production practices. A mathematical method is structured to
aggregate ratings into sustainable performance indices. Best available
alternative practices are recommended, based on the resulting indices. It is
hoped that these recommendations will help bring about a more balanced

approach to the exploitation of Costa Rica's natural and human resources.
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Dissertation

A Systems Method for Evaluating the Sustainability of Ag-production:
An Evaluation of Banana Production in Costa Rica

Carlos E. Hernandez
Chapter 1

INTRODUCTION

"... we need not merely a vision, but a shared vision, one that
guides and unites us in our day-to-day decision making. Such a
vision, a common blueprint, can infuse society with a sense of
purpose as we try to build a new world, one much more attractive
- than today's (Lester Brown, 1993, p. 19)."

1.1 Topic of the Dissertation

This dissertation presents a systematic method for evaluating the
sustainability of agricultural production systems. It advances a normative
philosophy (blueprint) to define sustainable production. It assumes that a
systems épproach is a suitable and acceptable method that can guide the
analysis and support the hypothesis. It establishes a Sustainable Performance
Indicator (SPI) to assess the conventional and the best available practices for
crop production. The problem is framed using a holistic approach that integrates

multiple issues and disciplines within a resource-development framework.

The author explores and assesses the conventional agricultural

technology used in the present to produce bananas in Costa Rica. Since there
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are many kinds and qualities of bananas and many target markets, it is essential
to specify the fruit type that is considered in this research. The label "world-class
bananas” implies that the fruit meets the quality, service and price standards
required by the United States and European markets. It also means that the fruit
competes in the open market without the enjoyment of any trade privileges from
the receiving country. If the fruit qualifies as world-class, it has a general market
acceptance throughout the global free and open market. To achieve world-class
status in a very competitive market, the producer must use leading-edge
production technology that delivers a standard that is difficult for other

competitors to match at a profit making cost (Johannson, 1996).

The object of this exploration is to study state-of-the-art world-class
banana plantations in Costa Rica. The leading-edge technologies that have
been adopted by progressive producers will be evaluated to determine their
contribution towards sustainable development. The results will serve to identify

and suggest a path for further improvement.

1.2 Philosophical and Theoretical Framework

This section outlines the author's journey in search of a vision, a blueprint
that defines the philosophical and theoretical framework upon which sustainable
development can be built and connected to the practice of food production. This
emerging paradigm begins by exploring today's scenario, then identifies current
models of development, and finishes with a working definition of sustainable

agricultural production.
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3

The twentieth century industrial growth and development paradigm
emphasizes economic gains over ecosystem integrity. It is based on reductionist
economic models which inadequately recognize ecosystem integrity, ethics and
values (Daly and Cobb, 1989). Human wants and needs have prevailed, and
natural resources have been regarded as inexhaustible. Furthermore, the

allocation of benefits has not always been equitable and just.

Never before has there been more concern for the effects of human
activities on the earth's land, water, atmospheric, and biotic resources. Flavin
and Young (1993, p. 180) eloquently capture the essence of this interest by

stating that —

"On its own terms, the modem industrial system is extraordinarily
successful... But much of the affluence has been borrowed from
future generations. Destruction and degradation of natural assets -
- air, land, water, forests, plants and animals species — have
subsidized the profits of many businesses in the late twentieth
century. For industries around the world, the debts are coming
due.”

In a complementary statement, Brown (1993, pp. 18-20) states that —

"The existing economic system is slowly beginning to self-destruct
as it undermines its environmental support systems. The question
is whether we will initiate the changes in time and manage the
process or whether the forces of deterioration and decline will
prevail, acquiring a momentum of their own... The question is not
only what do we need to do, but how can we do it quickly — before
time runs out and the entire world is caught in the downward
spiral...(Brown, 1993, p 20)."

The Brundtland Commission served notice to the world community that
the trend of economic growth threatened the future of humanity. It clearly

recognized the cause of the problem and stated that:
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“The Earth is one but the world is not. We all depend on one
biosphere for sustaining our lives. Yet each community, each
country, stnives for survival and prosperity with little regard for its
impact on others. Some consume the Earth's resources at a rate
that would leave little for future generations. Others, many more in
number, consume far too little and live with the prospects of
hunger, squalor, disease, and early death. (Quoted by
Wackemagel, Onisto and Mata. 1995 p. 26)"

The Earth Summit in Rio (1992) serves as testimony that the world
community has concurred. Agenda 21 promotes a strategy for change and the

Earth Council supports and aids in the needed transition toward a new paradigm

of development. However, little has been achieved beyond rhetoric.

"The Earth's population grows daily, poverly spreads, non-
renewable resources are further depleted, more waste is dumped in
oceans and the atmosphere, the ozone hole continues to grow and
CO2 levels continue to climb. Humanity's impact, or ecological

footprint, grows while the global ecosystem’s productivity, on which
we depend for survival, continues to decline (Wackemagel, Onisto
and Mata., 1995. p. 1)."

Going beyond discourse implies making hard choices that are not
politically palatable among the empowered minority who feel their status quo

threatened. How can it be popular to them if

"the richest fifth of humanity eams over 60 times more than the
poorest fifth (Wackemagel, Onisto and Mata., 1995. p. 2)"

and where

"3/4 of current consumption goes to 1.1 billion people who live in
affluence, while 1/4 of the consumption remains for the other 4.7
billion people (Wackemagel, Onisto and Mata., 1995. p. 2)"?

Is it not obvious who has to make the sacrifice?

The when, what and how of necessary change is not generally shared.

On one side, the paradigm espoused by "Deep Ecology" appeals for urgent
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5

constraint of economic growth and a negative human population growth rate;
restraint in human activity in favor of ecosystem preservation; and recognition of
innate values and equity among species (Colby, 1990). Many insist that the
biosphere is already beyond its limits, and predict eminent crisis (Meadows,
Meadowsand Randers, 1992). On the other extreme, the disciples of "Frontier
Economics" (neo-economists) place their faith in technological solutions,
productivity, individuality and self-interest, and values based on market prices.
They insist on the necessity of infinite economic growth. They question the

urgency of change based on the failure of previous predictions of doom.

In between these extremes, many natural and social scientists are
searching for a way of working together to advance sustainability, environmental
protection, eco-management, and eco-development. This group seeks to
promote the concept that agriculture is a complex system that cannot be
abstracted as an industry divorced from nature; to confront the reality that natural
resources are limited; to favor long-term over short-term planning; to recognize
values that go beyond market price as elements to be considered in an economic
analysis; to endorse the search for advanced appropriate technologies; and to
encourage grassroots movements to empower people and generate the
controlled effervescence of gradual change (Colby, 1990; Solérzano, del
Camino, Woodward, Tosi, Watson, Vasquez, Villalobos, Jiménez, Repeto and
Cruz, 1991; Beus and Dunlop, 1990; Altieri, 1987). The followers of this
paradigm recognize the importance of meeting human needs and integrating

natural and social process to redefine values. They concede that if humans do
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6

not perceive and assign proper significance to natural resources, eventually
these resources will be depleted, degraded, destroyed, or exchanged for

alternative resources of superior monetary value.

Nowhere is the need for change better manifested than in the industrial
agriculture of today. The success of the "Green Revolution” is attributed to the
industrialization of agriculture. Under this system, high agriculture yields depend
largely on inputs of fossil fuel energy rather than efficient conversion of solar
energy through photosynthesis. If synthetic inputs are removed, yields fall
because soils are exhausted (Hall, 1990). Industrial agricultural models can be
maintained as long as the price of fossil fuel remains low. The present market
price is not a true reflection of the scarcity of fossil fuels. There is a strong
possibility that in less than 30 years, petroleum reserves will be concentrated in
only four nations, which can then dictate price to the rest of the world. If this
happens, societies that rely exclusively on industrialization models will face

catastrophe (Hall, 1990).

Harwood (Committee on Sustainable Agriculture and the Environment in
the Humid Tropics - CSA, 1993. p. vii), suggests that a new attitude of
stewardship and sustainable management is required if our global resources are

to be conserved and at the same time remain productive. He states that,

"thoughtful and prompt actions, especially positive policy changes,
are required... to reverse environmental degradation caused by
improper or mismanaged crop and animal production systems..."
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However, it is one thing to prescribe change while it is an entirely different

thing to implement change.

"Decisions conceming the management of natural resources will
always be made in the political arena... In the past, many such
decisions have been made without adequate information about the
consequences of the actions as they relate to near-term and long-
term availability and quality of natural resources and vital ecological
processes. Frequently these decisions have resulted in the loss of
resources or in the need for expensive recovery actions. Thus, the
challenge is to provide the best possible information so that
decisions can be based on the most accurate predictions of any
action (Risser, Lubchenco, Christensen, Dillon, Jacob,Johnson,
Matson, Moran and Rosswall, 1993, p. 5)."

It is especially important to recognize that political issues are affected by
specific interest groups and are not always representative of the greatest public
good.

The Earth Monitoring and Reporting Program of the Earth Council states
that:

"Sufficient information is available to make the necessary decisions
for a sustainable future; but it is also clear that these decisions are
not being made. This lack of government action underscores the
need for encouraging people's involvement. In fact, hope for the
future depends on people taking up sustainability as their own
personal cause. The challenge is to change the way people live in
this world by changing the way they see the world, and changing
the way people see it by changing the way we live in it
(Wackemagel, Onisto and Mata., 1995. p. 2)."

This necessarily involves empowering people

"in building a more secure, equitable and sustainable future, in a
spirit of solidarity and common responsibility (Wackemagel, Onisto
and Mata., 1995. p. 2)."

Therefore, a substantial challenge is to seek, collect and provide sound
information to the policy makers and their constituencies organized in a way that
can be easily understood and translated into appropriate values.
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1.3 Objective

This dissertation accepts the challenge of conceptualizing a systematic
method of seeking, collecting and providing sound information in order to
evaluate the sustainable performance of Ag-production. It tests this method

rating the performance of world class banana production in Costa Rica.

Most research has concentrated on the task of going beyond the

Brundtland Commission's (1987) definition of sustainable development

("meet the needs of the present without compromising the ability of
future generations to meet their own needs")

and have continuously worked to produce and refine sustainability
indicators that measure the present condition and the effects of change
(Wackernagel, Onisto and Mata, 1995). This dissertation goes beyond numerical
indicators, and begins by proposing a conceptual model in an effort to connéct
natural and social processes, and search for solutions that take into account the
interactions of social, economic and biophysical components. It seeks
understanding of the effects of human attempts to control nature by managing

agricultural ecosystems.

The immediate task of this chapter is to develop a normative philosophy
that can guide sustainable banana production. It acknowledges that sustainable
agricultural production can contribute to the sustainability of humanity, but that it
is only one element of a complex solution. Furthermore, it should not lead to the

false expectation that change will be universally embraced and fully implemented



4 Def’

41 Sys:
HY

as |
8=
Mus

ife s

$hahia h

AN




9

in the near future. Implementation involves alteration in cultural habits, which

makes it a long-term project.

1.4 Definitions

1.4.1 Systems Approach

H. T. Odum (In Mitsch and Jorgensen, 1989, p. 101) advises that

"as the resources of the world become increasingly limiting to the
expansion of the human economy, the management of the planet
must tum more and more to a cooperative role with the planetary
life support systems, sometimes called stewardship of nature.”

The problems of development are becoming more complex and less
solvable by conventional technological means. In the past, society has relied on
technical solutions that solve one type of problem only to find that they have
created another type (Mitsch, 1993). The narrowness of conventional
approaches to analysis and problem solving is the culprit in such mistakes.
Solutions to human problems are better solved by finding symbiotic relationships
of human and natural mutually reinforcing systems (Odum, H. T. In Mitsch and
Jorgensen, 1989). Analysis and problem solving approaches must evolve to

meet the challenge of new complexities.

"Science is a process, a method of studying reality in order to gain
knowledge (Peet, 1992, p 19) ".

The scientific method is the conventionaly accepted procedure of
observation and careful experimentation to obtain facts. Normally it uses a
reductionist approach that consists of breaking down the elements of a problem,

isolating each element from the rest, and studying each separately.
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"Taken to excess, reductionism encourages concentration on detail
to the exclusion of the whole and can be seriously misleading
(Peet, 1992, p. 21)."

Reductionism incorrectly assumes that the sum of the parts equals the

whole.

A systems approach is a tool that facilitates holistic analysis of a complex
system by characterizing its nature in such a way that the decision making can

take place in a logical and coherent fashion. Itis a

*way of thinking about the set of interconnected parts that makes
up the whole in such a way as to bring out the properties of the
whole rather than those of the parts (Peet, 1992, p. 25)"

thus, minimizing the occurrence of the

*fallacies of narrow-minded thinking (Churchman, 1968, p. x)."

Systems are classified as isolated, open, or closed depending on how

they interact with their surroundings.

"An isolated system exchanges neither energy nor matter with its
environment (Peet, 1992, p 14)."

Isolated systems have not been identified on earth, not even in the
laboratory. A closed system exchanges only energy with its surrounding

environment.

"The earth is a closed system, since only solar energy comes in
and only heat is rejected to outer space (Peet, 1992, p 14)." In
contrast, "an open system exchanges both energy and matter with
its environment. Thus, all living organisms, ecosystems, and
economies are open systems since they consume food, reject
wastes, and take heat from or give it to their environment (Peet,
1992, p 14).”
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Therefore, sinks (“the utimate destination of material or energy flows
(Meadows, Meadows and Randers, 1992, p 278)"), transformation processes
and throughputs (“the flow of energy and materials needed to keep the economy
functioning (Meadows, Meadows and Randers, 1992, p. 279)"), are critical

elements in defining and understanding systems.

The first step in studying a system is to define the problem. Then it is
necessary to determine the appropriate spatial and temporal limits of the system.
The dimensions of the system are fundamental in measuring the potential of the
study and are set according to its objectives. If the system's boundaries are set
too large, the perceived and measurable signals may be too aggregated. On the
contrary, if the boundaries are set too small, the information may be too complex,

troublesome to synthesize, and thus, very difficult to interpret.

To analyze agricultural production systems, del Camino and Muller (1993)
recognize eight levels of spatial limits or scales of analysis. global, regional,
national, regions within a nation, local, farm, agronomic procedure, and
microscopic systems. They identify the farm level as the convenient level for
studies of sustainable agricultural production. This level facilitates the analysis in
detail and the identification of internal and external causes and effects, and
appropriate opportunities for actions. As recommended by del Camino and
Muller (1993), care is taken not to isolate the analysis and ignore interaction with
vertically (systems defined by larger and smaller scales) and horizontally
(different sub-systems at the same scale) overlapping chains of connections

among components and systems. Therefore, it is necessary to consider, in
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12
lesser detail, agricultural production in at least three additional levels or scales of
organization — global system, nation, and agronomic procedure. Furthermore, to
understand the implications of agronomic procedures, it is sometimes necessary

to understand the microscopic scale.

The next step is to break down the system into functions or components.
In essence, components are points of transformation or sinks of energy and
matter. They are interrelated by cause and effect, stimulus and response. In
substance, interrelations between components are evidenced by throughputs.
Monetary units are the conventional way that economists account for throughputs

in an economic system (Hall, Cleveland and Kaufman, 1992).

As stated before, agricultural production systems are open and pervious to
interactions from other systems. Inputs and outputs of a system under study are
recognized by the throughputs that necessarily cross the arbitrary boundaries set
between two horizontal or vertical sub-systems (Meadows, Meadows and
Randers, 1992). In this manner, production systems are intimately related to
other systems and are subject to effects from changes made in adjacent systems

(Peet, 1992).

From the human ecology perspective, Axinn (1988, pp. 10-12)

summarizes this process with the following statement:

"Wherever there are human beings, they carry out certain basic
functions... From a systems perspective these functions may be
viewed as components, linked with each other so that change in
any component affects the entire system. Any interaction with
outside systems will be reflected by change within the system...
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There are various forces pushing in the direction of change, and
counterforces pushing in the direction of continuity. At any
particular point in time, things are as they are because the forces in
one direction balance the forces in other... no outside intervention
occurs in a vacuum. Change results from introduction of additional
forces in the change side, or from reduction of some forces on the
continuity side."”

In contrast to the holistic character of the systems approach, a reductionist
approach consists of breaking down the elements of a problem, isolating each
element from the rest, and studying each separately. In the end, the different
elements are assembled together assuming that the sum of the parts equals the
whole, and no adequate consideration is given to the synergism among
elements. Consequently, reductionism is not an appropriate approach for

studying open systems.

Using scientific knowledge and experience, the reaction of every action
can be traced through the system and behavior predicted. Based on this
prediction, indicators can be developed to measure the level of performance of
each component, adjustments can be made to improve performance, or
components and standards may be modified to fit reality. This process is called
modeling, and often is accompanied by an effort to assign mathematical formulas
to quantify stimulus and response. However, it is important to keep in mind that

a model is only a simplified representation of reality.

"It is our best attempt to symbolize our thoughts, but it is only a
model of those thoughts (Meadows, 1992, p. 105)."
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Appropriately, Daly and Cobb in their book — For the Common Good
(1989)- warn the reader of the dangers of placing too much credence on

models.
Finally, systems thinking is guided by the following principles:

1. A system must be analyzed through different viewing windows or frames.
Churchman states that -

"The systems approach begins when first you see the world
through the eyes of another (1968, p. 231)."

2. Each window or frame has strengths and weaknesses, and no one frame
fully explains reality. Churchman's point of view is that —

"The systems approach goes on to discovering that every world
view is temibly restricted (1968, p.231)."

3. There are no correct or incorrect views, just different ways of interpreting
information. Churchman's reaction is that —

"There are no experts in the systems approach (1968, p 231)."

4. Analytical thinking is opportunistic. Churchman states that —

"When you postpone thinking about something too long, then it may
not be possible to think about it adequately at all (1968, p. 8)."

5. The challenge of systems thinking is to learn what everybody knows by re-
addressing what seems obvious. From this point of view, "The systems
approach is not a bad idea (Churchman, 1968, p. 232)."

The product of this research is a systematic analysis and the development
of a banana production model that assists stakeholders with identifying the
components and their interactions, and the inputs and the output at
predetermined scales. This facilitates the analysis of alternative technologies
and their effects on the system in a holistic manner and the evaluation of them as

to their effective contribution to sustainable development of agroindustry.
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This dissertation is the author's attempt to assist the reader in seeing the
world of banana production through a case example and the author's personal
experience in the banana industry. As such, it is restricted and skewed. It is the
author’s interpretation of the information available which leads to the conclusion
that little time remains before remediation of damages caused by unsustainable
production practices is no longer an option. Thus, this is the opportune moment
to go back to the basics and verify what seems obvious using a multidisciplinary
framework. It is necessary to see banana production through the eyes of
entomologists, soil and crop scientists, toxicologists, social scientists,
economists, ecologists, producers, banana workers, communities, wholesalers,
retailers, produce suppliers, consumers, and governments. Each view exposes
significant aspects, yet all are restricted and do not provide the entire illustration.
Each observer has a unique porthole that provides a section of the entire
panorama. At the same time, each spectator interprets the pictures in a different
manner, and forms a singular conception. Consequently, there are no right and
wrong impressions, and accordingly, there are no experts. Every one's notion is
meaningful, and the summation of views approximates the intact reality.
Therefore, the larger the number of vistas the greater the precision, and the more

meaningful the vision.
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1.4.2 Sustainability and Sustainable Development
14.21 Introduction

Sustainability and sustainable development are terms often used but
seldom understood. Both are essential elements of the philosophical and
theoretical framework for this dissertation. Therefore, it is necessary to move
beyond stock definitions and analyze thoroughly the significance and implications
of their meanings. This section begins by proposing an overall simplified
definition, then expands to its significant components. Next, it integrates
innovative pertinent theories on how to achieve sustainable development, and
exposes three fundamental conditions for it to occur. Finally, it explores the key

elements of a definition for sustainable agricultural production.

1.4.2.2 Sustainability

According to Wackernagel, Onisto and Mata (1995),

"In essence, sustainability is a simple concept: living equitably
within our ecological means."

The wording may be simple but a deep probe requires a complex

explanation. Because of complexity, it is essential to use a systems approach.

As stated in the previous section, sinks and throughputs are important
elements in defining and understanding systems. Furthermore, they constitute
the foundation for the definition of sustainability. The Laws of Thermodynamics

govern sinks and throughputs.
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"The First Law of Thermodynamics, the law of conservation of
energy, states: Energy can be neither created nor destroyed, only
converted from one form to another. When one energy form is
converted into others, the total resulting energy remains the same...
The accounts always balance;, no exception has ever been
identified (Peet, 1992, p. 33)."

Therefore, the solar energy that penetrates our atmosphere must equal the total
energy captured, transformed and stored plus the energy dissipated as heat into
space. However, the capacity to do work with the transformed energy is not the
same as that of the original energy. This leads us to the Second Law of

Thermodynamics.

"The Second Law of Thermodynamics - the entropy law - can be
stated as follows: All Physical processes proceed in such a way
that the availability of the energy...decreases (Peet, 1992, p. 36)."

This means that no transformation of energy is 100% efficient. In each
progressive transformation energy is degraded. The result is that each
transformation yields a new form of energy which is less available to do work.
The Second Law of Thermodynamics highlights the existence of finite limits for

earth and ecosystems.

Notwithstanding that natural processes conform to the laws of
thermodynamics, viewed from a global spatial and temporal scales, ecosystems
are self-organizing and self-sustaining and contribute to reduction of global

entropy. According to Easterbrook (1995, p. 661)

"the complexity hypothesis posits that a function of life is to defy the
second law of thermodynamics... Complexity theorists believe...
that in some manner not yet grasped, the universe came prewired
to favor complex systems over entropy.”
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This is accomplished through elaborate interactions of matter and energy

which are driven by an external source of energy — the sun (Peet, 1992).

"The conversion by plants of solar energy from outside the
biosphere to biomass (matter) within it is the only means by which
living systems, including humans, can circumvent the Second Law
of Thermodynamics and decrease biospheric entropy (van den
Berg and van der Straaten, 1994, p.50)."

Captured solar energy is transformed and stored as stock or flow
resources. The transformation of solar energy into stock resources requires
millions of years. Stock resources are referred to as nonrenewable resources
because they can not be replenished within temporal limits that are relevant to
human existence. In contrast, solar energy can be transformed and stored as
flow resources in a relatively short period of time. Flow resources are referred to

as renewable resources (Peet, 1992).

Through the process of photosynthesis, solar energy plus minerals
existing in the ecosystem are transformed into organic matter. As a byproduct,
high quality energy is transformed into waste products, and dissipated heat.
Other living organisms consume the energy stored in organic matter to transform
them into other types of organic matter and into waste, releasing heat in the
process. Through a complex cycle, decomposing organisms further transform
organic waste matter until it is mineralized with waste generation and heat loss at
each step of transformation. In this transformation process, energy is temporarily

stored in the form of renewable resources but eventually degrades and

dissipates.



§.5372

greTsy
2!
@ el




19
Regardless of the increase in entropy of each transformation,
sustainability is theoretically possible because open and closed systems receive
energy (and, for open systems, matter) from their surroundings. These systems
can theoretically go on forever provided solar energy keeps coming in (Peet
1992, p. 42). Wackernagel, Onisto and Mata (1995) conclude that a system is
sustainable as long as the average rate of energy and matter consumed, in all

forms, equals their average replenishable rate.

Economics is the methodology used by humanity to manage the
distribution of land and resources. Technological breakthroughs have falsely
encouraged people to believe that there are no limits to this world (Peet, 1992).
Humanity has found ways to efficiently extract resources from nature.
Progressively, stored energy has been consumed without consideration of future
generations, and many flow resources are being consumed far beyond their
replenishable level (Meadows, Meadows and Randers, 1992). Furthermore,
humanity, through technology, discovered how to create synthetic materials,
some which are difficult to transform by natural processes into other forms and
some which are toxic, and has thus been able to bypass natural processes.
These anthropogenic activities have temporarily empowered humanity to survive
in hostile environments in population sizes beyond the system's sustainable
carrying capacity. The results are an increase in the rate of waste generation

beyond the assimilation rate (Meadows, Meadows and Randers 1992).
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The prevailing neoclassic economic approach promotes accelerated
transformation of resources (production) and consumption. This economic

paradigm

*necessarily and unavoidably degrades the resources that sustain it

(Peet, 1992, p.37)". "In strong contrast to economic systems,

ecosystems accumulate energy, matter, and order (Peet, 1992, p.

45)."

Thus, people should take a careful look at ecosystems, make an effort to
understand them, and inanage them accordingly. Unless humanity reduces
consumption, improves process efficiency and recycling, and/or develops
technology to capture more solar energy before it is dissipated into space, the

ecosystem will increase entropy and the economic system will eventually run out

of available energy to do work.

In summary, an economic system that consumes resources at excessive
rates leads to depletion and scarcity of vital resources to sustain it. An economic
system that generates waste beyond the ecosystem's capacity to assimilate it,
degrades and eventually is not able to provide the basic resources needed to
sustain it. Finally, a system that does not check population growth rates,
exacerbates resource consumption and waste generation and leads to

unsustainable effects (van den Berg and van der Straaten, 1994).

13.23 Sustainable Development

Sustainable development implies growth, resulting in increased

consumption. Rachel Carson, Paul Ehrlich, Norman Myers, among others,
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question Earth's ability to support further growth, casting doubt on the possibility
of achieving sustainable development (Easterbrook, 1996). The following

synopsis of theories will explain how sustainable development can take place.

George Jacobson (quoted by Easterbrook, 1996, p. 659) declares that

"There is almost no circumstance in which something isn't changing
the natural system. The system may seek an equilibrium but it's
never allowed to get there. So we might as well not expect the
classical balance of nature to exist.”

H. T. Odum (personal communication, August 1995) elaborates by stating that
ecosystems are constantly in flux. They have the ability to redesign themselves
in accordance with the following parameters: a) the capacity to capture solar
energy and transform it into other forms, b) the capacity to store it temporarily,
and c) the consumption rate by living organisms in the system. As the availability
of stored resources increases, life is stimulated and the consumption rate
increases (See figure N°1). At a particular point in time, consumption is equal to
the replenishable rate. As consumption continues to climb, organisms start to
draw upon accumulated resources until all are consumed. At this point, the
ecosystem adjusts, populations decrease, and consumption falls drastically. This
process is repetitive at all levels (spatial and temporal limits) of ecological
hierarchy. Thus ecosystems are never truly stable but in constant flux and
adjustment. On a global spatial and geologic time scale, there are evidences of
several cycles, which involve high amplitude (magnitude of the adjustment) and
low frequency (time between adjustments). The smaller the limits of the system,

the smaller is the amplitude and the higher is the frequency.
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Figure 1 - Resource Versus Consumtion

Odum (personal communication, August 1995) believes that the present
economic system has reached its peak, that the ecosystem is beginning to

redesign itself, and the probability of drastic effect on humans are high.

Fortunately, humans have the rational capacity to control the fall by down-
sizing in an orderly manner. Odum calls it the "parachute theory" (personal
communication, 1995) By so doing, humans can manage the process to slow it
down and to control the magnitude of the adjustment. In theory, society can
choose a datum level of consumption that permits us to flux at a higher frequency
with a low amplitude (See figure N° 2). This is equivalent to relative stability for

an indefinite time (sustainability).
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Figure 2 - Odum’s Parachute Theory

Viewed from the social perspective, George Axinn (RD 876 class notes,
1993) proposes that the levels of economic development are cyclic and that at
any one time components of a system, at any scale, may be underdeveloped,
developed or overdeveloped (see figure N° 3). Components that are
overdeveloped have excessive demands that cannot be met by the support
systems and thus decline to the developed state, and momentum will cause them
to decline further until they are underdeveloped. Systems, which are
underdeveloped, have the capacity to grow to the developed state because their
consumption is below the support system's capacity and, once developed,

momentum carries them to over-development. The cycle repeats itself.
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Theoretically, societies can control the magnitude and frequency of the cycle,
with the purpose of achieving a relative stability, by controlling negative and

positive growth.

OVERDEVELOPED

DEVELOPED DEVELOPED

UNDERDEVELOPED

Figure 3 - Axinn’s Theory

Both theories hold true as long as population growth is stabilized. Piel
(1992) asserts that as human well-being increases, population growth decreases

and has a tendency to stabilize. Human well-being is tied to human health

"which includes, not only the need for economic goods, but also
that for satisfactory social relationships and favorable natural
environment (Huss, 1994, p. 14)."
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According to Langmore (1994, p. 55),

"development is about improving human well-being, increasing
choices, and strengthening economic security. It is a mistake to
aim simply for improvement in efficiency in the hope that in the long
run this will be associated with improvements in equity. Trickle
down policies have failed.”

Therefore, social equity means that those that have must promote

development for those that have not.’

Careful examination indicates that Axinn's theory is harmonious and
complementary to Odum's theory. The integration of both theories allows us to
conclude that ecologically and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>