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We are all involuntary passengers on a small, open spacecraft.  All that stands between us and the frigid vacuum of space is a thirty-mile-thick blanket of air that we must breathe to live and a higher layer of ionized atoms that solar radiation heats to more than a thousand degrees Kelvin.  All life on the craft depends on sunlight converted to nourishment by plant photosynthesis.  Land plants grow in a thin layer of living soil.  Plants absorb carbon dioxide and exhale oxygen, while animals do the reverse.  Widespread, diverse plant and animal life forms regenerate the elements necessary for life support and provide flexibility under stressful conditions.  This fragile balance of water, atmosphere, soil, and life forms necessary for human survival took more than two billion years to create.

In the last five thousand years, one species alone out of millions has altered the evolution of life on Earth and compromised its life support system.  Formerly, all species were created and modified by mutation or long-term natural selection to survive in local environments which created the global atmospheric, soil, and water balances necessary to support all life for eons.  Now the local and global balances are being destroyed as the evolutionary process that changed species to fit their local environments is being transformed into the destruction of the global environment to realize the short-term desires of this one species.  Humanity is so ignorant of and apathetic toward the details of the automatic natural life support balances that it is threatening its own survival as it allows its acquisitive leaders to become wealthy. 

The Ecocosm is the whole Earth system including the planet, the natural nonhuman living systems, and the human presence, all constantly interacting.  The Ecocosm Paradox postulates that the environmental crisis arises from the growth of world human consumption, the link between the natural environment and the human presence.  Human consumption draws resources from the environment and turns them into waste.  When people cut the trees of a forest or pump oil from a well, they do it to provide products for humans to consume.  Tragically, the world human system is so dependent on consumption growth that, if growth were to stop to alleviate the environmental crisis, major economic, financial, social, and military disasters would threaten human survival.

Human warfare developed over time from local, weaponless, nonlethal, territorial combat between individual animals to global nuclear war between allied blocks of nations representing billions of people.  The weapons in the early human conflicts were primitive stone spears, knives, and arrows.  When horses were domesticated, they were used to pull chariots and carry riders.  At sea, wooden, oar-powered galleys used catapults to hurl projectiles.  As technology advanced, bronze replaced stone, then iron replaced bronze; guns and cannons replaced catapults, spears, and arrows; and armored vehicles replaced chariots.  Galleys were replaced by sail-driven frigates; then by metal, steam-powered battleships, submarines, and aircraft carriers.  Recently, atomic weapons delivered by aircraft and missiles brought war to everyone.  Now computers, wireless communications, the Internet, and smart, miniaturized, biological, chemical, and nuclear superweapons have created the potential for a species-threatening, pervasive, global killing field with no battle lines.  This escalation in the power and extent of human aggression has occurred in an evolutionary twinkling.

The horrors of humanity’s military history were demonstrated in many battles that benefited from advances in weapons’ technology and changed the course of history: Gaugamela, Actium, Agincourt, Yorktown, Gettysburg, Midway, and Hiroshima.  If the environmental crisis created by humanity’s growing intervention in the natural life support system cannot be effectively resolved soon; humans will use modern warfare, their ultimate conflict resolution method, to decide the issues arising from water and materials shortages, environmental catastrophes, leadership power struggles, worldwide financial collapse, and failures of the production, distribution, utility, and service functions.  Humanity’s insensitivity to and acceptance of the massive death and destruction of modern war must end to prevent a violent resolution of the Ecocosm Paradox.
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       Figure 1. World Human Population Growth            Figure 2. World Per Capita Consumption Growth

UN data (Figure 1) for world human population are plotted on a logarithmic scale.  The exponential shape on the log scale depicts an exponential function whose doubling time is getting shorter.  We call it a “hyper-exponential.”  Human population is now six billion.  An additional billion people is  added about every 10 years.  As the annual growth rate has increased, population doubling time has fallen in the last 500 years from 650 years to its present doubling time of 34 years.  The acceleration of population growth is caused by technology-driven health advances that reduce the death rate.  Though births per year have fallen also, the world human birth rate is still more than twice the death rate; and major new health advances appear imminent.  Strong population growth is not over.

UN data (Figure 2) show the growth of the world per capita GDP index.  This linear time history on the log scale from 1950 to 1980 indicates exponential per capita consumption. World consumption is the algebraic product of average annual per capita consumption and human population.  In this graph, per capita consumption doubles in about 30 years.  With population doubling every 35 years, their product, world consumption, quadruples in 30 to 35 years.  Stopping population growth will not stop consumption growth.  If current population growth and per capita consumption growth continue, by the end of the 21st century world human consumption will be 50 times as large as it is today.  Since even today’s consumption clearly is unsustainable, such growth will devastate the environment.
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Figure 3. The Ecocosm Paradox Diagram

Both population and per capita consumption have positive feedback loops that force them to grow (Figure 3).  Population growth is driven by a natural reproduction loop and a biotechnology loop that extends life expectancy (Figure 3, right).  Per capita consumption growth is caused by technology loops reinforced by world economics and government action loops (Figure 3, left).  Environmental collapse, resource exhaustion, and toxic pollution constraints may create negative loops that will finally stop the growth.

The causal-loop diagram for human population (Figure 4) shows one positive and five negative loops.  Today, human fertility produces new humans faster than deaths and shifts to the non-reproductive state can remove people from the childbearing population that energizes the positive loop.  This is the first positive loop that forces consumption growth.  In most nations, both birth and death rates are falling.  Death rates are falling as public health measures and medical technology extend human lifespan.  Funds and benefits from medical consumption motivate biotechnologists to increase research to find more medical products that lower death probabilities even further.  This biotechnology loop is the second positive population loop.  It makes population’s exponential growth hyper.

Technology (Figure 5) conceives and produces virtually all the products humans consume.  Most technological advances result from organized research by highly-trained people working for governments or private organizations.  In the upper part of the technology causal-loop diagram, research and design effort leads to new knowledge and products.  These motivate higher per capita consumption that increases consumption.  Increased consumption of technological products provides many benefits and disbenefits.  Both motivate more research.  Technology is a positive feedback process in which theories and products developed by scientific research produce results that lead to more research and more trained people to do more research.
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         Figure 4. Population Causal Loop Diagram               Figure 5. Technology Causal Loop Diagram
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Figure 6. Production/Consumption Causal Loop Diagram     Figure 7. Marketing Causal Loop Diagram

The interaction of human instincts and technology that drives per capita consumption growth is reinforced by economics and governments.  Consumption is the closure point for all major economic loops (Figure 6).  It connects the producer and consumer roles of each person and focuses the attitudes and actions of producers and consumers to reinforce consumption.  Consumption also relates the financial aspects to the physical aspects of the economy.  To increase consumption producers design and produce technological products, market them, advertise them, invest in production capacity, hire workers, and provide credit to customers (Figure 7).  To increase their ability to consume, consumers work and invest to obtain income.  They borrow; perceive advertising that makes them desire more; and use and then discard their purchases when they are used up or better new products appear.  Positive feedback loops reinforce all of these actions and, thereby, reinforce consumption.

Speculative operations in securities markets are driven by positive investment loops (Figure 8). Consumption growth stimulates price increases for securities that attract speculative funds  to finance producer operations that reinforce consumption.  If consumption growth were to stop and speculators believed that it would not restart, securities prices would collapse.
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      Figure 8. Investment Causal Loop Diagram                 Figure 9. Government Causal Loop Diagram

Most government revenues come from taxes on income, sales, capital gains, and value added (Figure 9); so, governments encourage consumption growth through their own consumption, the creation of money and credit, depletion allowances and monetary policy.  To encourage consumption growth, commercial banks also create money through credit expansion.  The operation of positive technology loops reinforced by positive economic, financial and government loops drives the exponential growth of per capita consumption.

The Ecocosm Paradox hypothesizes that the growth of world human consumption, which quadruples consumption every 35 years, must stop to avoid an environmental catastrophe.  A seemingly small 4% per year increase in consumption produces this rapid expansion.  Human instincts to reproduce and to consume are enormously amplified by technology, economics, and politics to cause devastating growth.  The natural planetary life support system cannot absorb this accelerating destruction and continue to function effectively.  The activities of almost all persons, businesses, and governments depend on, create, and demand consumption growth; so it is unlikely that growth can be stopped.  But, if, somehow, growth could be stopped to save the environment; societies would become unstable, the world economy and securities markets would collapse, and wars would follow.  Thus, humanity’s destiny seems to be continued explosive growth until some kind of catastrophe devastatingly ends the growth; and, perhaps, humanity itself.

No currently proposed solution to the environmental crisis faces the reality that the Earth is finite and human consumption growth must not only stop, but it must be reduced to a long-term sustainable annual amount.  This can only be done by changing human attitudes and restructuring the socio-economic system, so it is not dependent on expansion and does not create it.  The current piecemeal attempts to improve efficiencies, and to encourage conservation and recycling may postpone the environmental collapse; but they will not stop growth nor produce a sustainable Ecocosm.

 A method of analysis, synthesis, and implementation is needed to discover and institute a realizable higher-level human consciousness to support a new, sustainable human socio-economic system structure in interaction with a modified natural life support system.  This must achieve a long-term, stable, balanced Ecocosm.  It must be in harmony with human instincts, desires, and capabilities; with plant and animal community functions; and with planetary dimensions and resources.  It must automatically and quickly limit human consumption, without unacceptable laws or force, to the gradually changing planetary carrying capacity as technology progresses and as resources are exhausted.

The new system must be achievable with “tolerable” damage to human life, freedom, and property.  A “painless” solution is impossible.  Even today, people are starving and dying in wars.  Living systems are extremely complex, internally self-organizing, and respond to depravation and conflict with violence.  Humans are not passive and precisely responsive to forces as masses and electrons are.  Thus, the success of science in manipulating the physical world is not easily duplicated in the living world, and there is no known algorithm to synthesize a sustainable world human system.  Therefore, the solution method proposed here is a science-aided, creative art; not a mathematically derivable, experimentally reproducible science that most scientists would desire.

Designing the adaptive-sustainable Ecocosm and the implementation process necessary to bring it into reality is the most important and the most difficult task ever undertaken in the history of humanity.  The method must perform an incredibly difficult analysis to produce a new Ecocosm system paradigm of unprecedented creativity.  It can only begin to implement its changes with the cooperation of a substantial fraction of influential human leaders and groups who, in the past have rarely agreed, even on trivial issues.  If any of the recommendations are wrong, a catastrophe rather than an improvement may occur.  There may be no second chance because changes will have been made that cannot be reversed.  Science has produced such toxic materials, powerful forces, and destructive weapons that immense planetary damage can arise from small errors in the planned interventions or from aggression by terrorists, criminals, or warlords.  Thus, the method’s task is extremely difficult; the time available to do it is unknown, but short; the margin for error is tiny; and the likelihood of a second chance is small.  This is not a task that anyone would want to perform unless humanity’s survival depends on it.  We believe that it does.

The method involves assembling a multifaceted group of people that will create an essential new intellectual discipline as it designs the adaptive-sustainable Ecocosm and then implements the changes in human consciousness and system structure that the design requires.  In order to understand and modify the Ecocosm, the designers must be able to conceptualize and analyze the Ecocosm as a whole, living, noisy, feedback control system.  While human decisions control the major forces, a diverse nonhuman living community must flourish to provide human life support.

The conceptualization and analysis must include critical aspects of human and living nonhuman behaviors as they interact on local and global levels to preserve the life support system and the living participants.  Knowledge from the sciences and other disciplines such as biology, ecology, psychology, theology, economics, sociology, political science, geology, and meteorology will be needed.  None of these disciplines was created to study the whole earth system with all of its forms of interaction, especially not in the pathological state of the current environmental and social crisis.  Each focuses on a specific, manageable, clearly related set of variables whose properties are isolated from the complexity and incommensurate units of the others.  Each is sufficiently complex by itself that it takes years of study for a person to learn the field’s principles in depth.

Understanding the Ecocosm will require knowledge from all of these disciplines and others, but seldom in a form the field provides.  A new, holistic, statistical-feedback-control discipline is required to combine the essential knowledge of all relevant fields with new knowledge discovered by the group, so the contents of and the relationships between the fields can be applied to the study of the whole Ecocosm as it was, as it is now, and as it will become in the future. The creators of the new field will have to bring available and new information together in one place or reference where it can be obtained from media centers and the Internet.  We suggest the field be called Ecocosm Dynamics.  Ecocosm is taken from the Greek words “oikos,” a house or environment, and  “kosmos,” a complex, orderly, self-inclusive universe.  Ecocosm is the whole, orderly, home planetary system of humanity.  Dynamics is the analysis and control of patterns of change through time of critical variables.

A group of people is needed to create the Ecocosm Dynamics discipline and to design the adaptive-sustainable Ecocosm.  All members will contribute to discipline development and system design.  Most will produce their own models and design recommendations.  The group will evaluate and consolidate the recommendations and present the best to the world community.  In order to accomplish this task, the members must be willing and able to learn about the whole Ecocosm, learn about each others disciplines, share their insights and analysis with the others, and keep open, honest minds.  The team must be totally committed to solving the Paradox properly, not to becoming wealthy, powerful, or famous, or to winning prestigious prizes.

It is likely that doing this analysis correctly and honestly will attract animosity from many.  The team will be trying to discover a planetary system that will stop consumption growth.  Almost everyone is committed to growth and hopes to become rich from it, so no one wants to hear about reducing it.  If the team overcomes these obstacles and produces a promising system design, world leaders may not accept it nor allow implementation because the recommendations may seem counter-intuitive to people unfamiliar with the nature of complex, human, feedback control processes.  Also, detrimental effects will be expected during the implementation period that few will be willing to accept.  If the team’s recommendations are approved, any adversity during implementation will appear intolerable to many; and the team will be blamed for it.  Once the research work begins, it will soon become clear to the team just how difficult its assignments really are to do properly with reasonable assurance of success in the short time available.

Finding financial support for the group and its tasks will be extraordinarily difficult for similar reasons.  Since there is so much at stake for so many growth-dependent people and organizations, both during the final stages of the expansion and in the trade-offs and losses arising from the adversities of the transition period; there will be great pressure on any research group that seeks to influence these outcomes.  Those who hold power will not give it up for the good of posterity or for the good of other, less influential, people or life forms.  Even if the Ecocosm design is successful, it will only succeed long after the group members are dead.  To create the new discipline, to do the Ecocosm analysis, to modify the existing planetary system, and to wait for the transition time pattern to lead to the eventual stable pattern will take at least one hundred years.  Only very unusual people will be willing to undertake such a difficult task knowing that their only reward will be antagonism and that they will never know whether they were successful.

As consumption grows faster and faster beyond its sustainable annual amount, humanity will move higher and higher on the precipice above many possible future valleys of disintegration, two of which are shown in the graph of future consumption with and without an implemented solution to the Paradox.  The successful development and application of the method; with its research group, new discipline, and design of the sustainable Ecocosm; is symbolized by a bridge over this valley from the unsustainable peak of consumption to a lower sustainable consumption plateau.  If an effective design is implemented properly and in time, the Ecocosm will avoid the environmental and social catastrophes that quickly would force the critical variables into the depths of the valley.  The design’s consumption transition time patterns will also decline; but not as far, nor as fast, with less destruction, and with faster recovery.  Therefore, a well-constructed bridge, the method that provides the successful design and implementation, will save many lives and prevent much devastation.
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Figure 10. The Bridge to Humanity’s Future

We call the effort to design an adaptive-sustainable Ecocosm: Operation Rainbow Bridge.  The rainbow, in the traditions of many cultures, symbolizes hope for future well-being after adversity and/or cooperative diversity.  It suggests that dishonest and destructive forms of competition will be eliminated; that all of Earth’s diverse people will equitably share information, resources and influence; that the adversity of the implementation will be tolerable; that a sustainable Ecocosm will be achieved; and that the result of the reformation process will be to unify all people in their resolve to maintain their stable Ecocosm.

Perhaps the most difficult aspect of the Ecocosm Paradox solution will be the planning and implementation of the transition to the sustainable Ecocosm.  In order to stop consumption growth and to obtain long-term stable consumption, certain changes must occur in humanity’s consciousness and in the Ecocosm’s feedback structure.  The design effort must identify these changes.  In order to obtain improved performance in the real Ecocosm, these changes must actually be realized in the operating structure.

The Ecocosm’s operating feedback structure is created and maintained by the thoughts and actions of humans.  Therefore, changes in collective human higher-consciousness must be substantially established before any new loop structure will function properly.  The elements of the new higher-consciousness are not all clear; but, at least, humans must overcome their selfishness, vengefulness, and aggression.  We must be able instinctively to forgive, to share, and to treat others with honesty, consideration and respect.  In a closely interdependent, crowded Ecocosm, trust is the fundamental interpersonal attitude necessary for long-term social survival.  Trust cannot persist between people and groups, and the violent resolution of conflicts will not end, unless humanity develops these higher instincts.

When efforts to change consciousness and loop structure begin, transient patterns will arise.  These time patterns will be different from old system patterns and different from eventual improved system patterns.  Transients will dominate during the transition time period, which begins when structure changes are initiated and ends with the clear beginning of improved patterns as the transients disappear.  Changes that are actually implemented are seldom exactly the same as the proposed changes.  Unplanned structure changes may be made by system participants who are coping with the system’s crises or by those who are trying to evade, circumvent or take advantage of the proposed system changes.  Such incorrect, unconscious, and unplanned structure changes may cause serious implementation problems.  The result may be chaotic, violent, conflicting, unpredictable, counter-intuitive, and/or uncontrollable time patterns that complicate and lengthen the transition period.  At worst, sustainable time patterns may never be achieved.

On January 16th, 1920 the eighteenth Amendment to the United States Constitution banned the manufacture, sale, and transportation of intoxicating liquors.  American reformers wanted to improve people’s physical health, family happiness, and social well-being.  Instead, consumption of alcohol greatly increased and social stability was upset by the growth of organized crime fueled by bootlegging profits.  Thousands died nationwide in the resulting gangland wars and enforcement operations.  On December 5th, 1933, the twenty first Amendment repealed Prohibition, but the power of organized crime still remains.  Counter-intuitive disasters often result from well-meaning reforms.

Massive human intervention in the natural environment has created Earth’s environmental crisis with its Ecocosm Paradox.  The intractability of the Paradox and the speed of the environmental disintegration present humanity with a supreme and unprecedented challenge:  To create a realizable, collective higher-consciousness that will support a sustainable Ecocosm system structure that will stabilize human consumption, and maintain an adaptable life support system for present living beings and their progeny indefinitely; and to do it before the environment or the socio-economic system collapses. We cannot offer a solution at this time.  An effective solution, if one can be found, will be counter-intuitive, even to experienced systems analysts   It is not wise to guess in the face of great complexity with such enormous consequences for humanity at stake.

Others who do make recommendations sometimes have little concept of the true nature and severity of the problems, and little idea of what will be required to solve the problems in the real world.  The virtual worlds of television, computers, mathematical abstractions, positive thinking, managed news, psychological advertising, and unprecedented economic prosperity in the midst of escalating environmental destruction have so decoupled science and humanity from reality that the real nature of life on our small planet is almost totally obscured.  As Walter Truett Anderson warned in To Govern Evolution, “The central political problem of our time is not that people in power do the wrong things, or that some people have more power than others, or that there is a lack of clarity and honesty in political dialogue; all of these are real and serious, but they are only dim reflections of a larger problem, which is that we literally do not know what we are doing.”

We have presented here the nature of the Ecocosm, its problems, and the Paradox; with recommendations for finding a solution and implementing it.  These are offered as our understanding of the only reasonable chance humanity has to save itself from itself.  Virtually all of the prophetic traditions of religions and cultures worldwide, ancient and modern, forecast a catastrophic “end time.”  Now, a crisis that could threaten humanity’s survival is upon us in the form of the intractable dilemma of the Ecocosm Paradox.  How will we respond?  How will you respond?
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� This is the text of a multimedia presentation and address based on a longer, similarly-titled paper, “The Bridge to Humanity’s Future”, which appears in The Proceedings of the World Congress of the systems Sciences and ISSS 2000 International Society for the Systems Sciences 44th Annual Meeting.


� This graph is adapted from Parent, J. A Survey of United States and Total World Production, Proved Resources, and Remaining Recoverable Resources of Fossil Fuels and Uranium, Institute of Gas Technology, Chicago (1994).
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