
The Energy Perspective:   Oil and the Magical 4%

One of the major recent economic news items has been the rise of crude oil prices to an all-time high of over $55 per barrel for a few days in late October 2004.  This has put pressure on both economic and financial conditions all over the world.  While oil price has fallen since then below $45 per barrel, it is not likely that oil price will return to the good old days of $20 to $35 per barrel.  Therefore, the feature article in this second EDL Newsletter presents an analysis of the nature and importance of the Oil Industry in the dynamic system of the Ecocosm, our name for the whole earth system.  This first of two articles on the influence of oil on the world system focuses on normal economic and financial feedback controls.  The second article will address controls under crisis conditions and influences on population and global life support system operations.

Introduction: Review of the Major World Feedback Control Loops

We begin with a review of the aggregate world feedback structure (Figure 1) that is systematically destroying earth’s life support system and, thereby, creating the environmental crisis.  World human consumption, a conglomerate annual flow of all the renewable and nonrenewable resources that are removed or destroyed in support of the total human presence on earth, is in the center of the diagram.  The earth’s existing physical, electromagnetic, thermal, chemical, and nonhuman biological substance is contained in the upper cloud from which human consumption flows.  That cloud contains a massive, extremely complex feedback system that controls the earth’s many physical and chemical resources; its thermal, electromagnetic, atmospheric (weather, climate, atmospheric water circulation, air composition, mixing, and cleaning), marine (ocean water composition, recycling, and circulation), and tectonic (earth quakes, tsunamis, volcanic eruptions and lava flows) activities; the operation of the atmospheric, terrestrial, and marine ecosystems; the deflection and disintegration of cosmic radiation and debris, and the thermal insulation of earth from the near absolute zero cold of interstellar space.  Thus, the upper cloud contains the Ecocosm’s life support system.  In the last century, humanity’s disruptions of the feedback structure, life forms, and resources in the cloud began to compromise the cloud’s ability to maintain the global life support equilibrium. 
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Figure 1.  Major World Feedback Control Loops Producing the Environmental Crisis

The lower cloud contains the waste and pollution in the air, in the waters, and on land that are the by-products of the operation of the human presence.  This cloud also contains a complex feedback system that breaks down the waste and pollution materials, detoxifies them, and recycles them back to the life support system of the upper cloud.  The speed and efficiency of this recycling is dependent upon the volume, toxicity, and composition of the waste and pollution; and on the ability of the life support system to facilitate the recycling and to assimilate the recycled materials.  Since the volume of waste and pollution is growing exponentially, the materials are becoming more toxic and more resistant to natural decomposition and recycling; and the destruction of the functioning life support system reduces its ability to assimilate the recycled materials; the lower cloud’s ability to sustain and support the upper cloud’s deteriorating life support capabilities is itself deteriorating.  Thus, humanity’s self-created socioeconomic system is suspended between Heaven, the miraculous planetary life support system in the cloud above, that we are systematically draining and destroying; and Hell, the mountain of toxic, slowly decomposing, disease-causing, pollution we have created in the cloud below.  In a person, this process would be called cancer.  On a global scale, it is species suicide. 
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The feedback loops shown in Figure 1 identify the major control functions associated with the human presence on earth.  Annual world human consumption (WHC) is the human variable that interacts with the global life support system and with the decomposition and recycling system that are contained in the upper and lower clouds, respectively, but whose feedback processes are not diagramed therein.  WHC equals world human population times annual human average per capita consumption.  Both population and per capita consumption are time exponentials with estimated long-term growth rates of about 2% per year.  When two exponentials are multiplied together, the exponential of the product has a growth rate that is the sum of the two contributing growth rates, hence about 4% per year.  Figure 1 shows the highly-aggregated major positive feedback loops that create (right side) the population exponential and (left side) the per capita consumption exponential.  The characteristics of all of the positive loops in Figure 1 are deeply ingrained in the instincts, attitudes, and collective consciousness of human beings and in the economic and financial institutions and decision policies of individuals, families, companies, banks, and governments of all kinds throughout the world.  It is this persistent consumption growth that is systematically destroying the life support system and disabling the decomposition, cleansing, and recycling capabilities of planet earth, thereby creating the environmental crisis.  Continuing 4% per year growth causes the growing WHC to double in 17.5 years, quadruple in 35 years, and increase by a factor of 64 in 105 years.  If 4% average consumption growth continues during our new millennium, in the year 2105 WHC will be 64 times as large as it was in 2000.  It is inconceivable that the earth’s finite resources, disappearing life forms, and mounting toxic burden can survive such abuse.  Thus, we are all living in the last century of human life as we know it.  Will this be the last century of human life?  Either humanity will stop consumption growth, violently or voluntarily, well before mid-century or earth’s devastated life support, cleaning, decomposing, and recycling systems will force consumption growth to end.

Figure 2.  World Gross Domestic Product from Various Sources

It should be noted that world human consumption, in the environmental sense, represents all of the renewable and nonrenewable resources recovered from the earth and its environment to be used as raw materials for making and consuming all products that humans use in any way.  There are many millions of different resources and billions of different products used by humans, so WHC is a highly aggregated and complex variable.  Consumption not only includes all of the resources actually used in products, but all of the resources destroyed in the recovery of resources used, all resources wasted in the recovery, transportation, refining and production phases of manufacturing and consumption, and all the resources in products that are discarded or spoiled before humans use them.  Since the millions of types of resources have different units of measure that are often incommensurable, there is no accurate way to measure WHC in terms of a single number each year; and there is no data series that tries to measure it.  GDP (Gross Domestic Product for the world, see the data time history from 1960-2000 in Figure 2) is a measure of human product "value added" during a year that is reported in one form of money (US dollars in the case of world GDP data).

Obviously, dollar bills are not barrels of oil or tons of fish or bushels of wheat.  Furthermore, some of the GDP value added does not correspond to resources removed from the environment; and the values of the raw materials taken from the environment that are included in the GDP number do not correspond to the degree of devastation of the environment caused by their removal.  This is because their values are assigned based on economic values to humans, not on their values associated with maintaining the stability of the world’s life support system (upper cloud in Figure 1).  In fact, even the physical quantities of resources removed (if we knew them and could convert them into a single unit) would not fully represent the true effect on environmental degradation created by their removal because science knows little about the amount of world life support system dysfunction that does or will result from the loss of a ton of gold ore or a ton of bee pollen.  Even worse, the GDP numbers are not exhaustive measurements of value added; they are statistical estimates from samples; and sometimes they are guesses.  Since the GDP numbers have US dollar units, all value added estimates that are made in countries using currencies other than the US dollar introduce currency conversion problems.  Since our analysis is more interested in time patterns through time than values at a point in time, changes in the economic value of the dollar itself through time and changes in the value of the dollar vs. other currencies through time can introduce errors into the patterns that the GDP numbers appear to show when viewed over a period of time.  While some of errors are self-compensating, the likelihood is that consumption growth is underestimated by world GDP growth, and that effective environmental destruction growth is substantially underestimated.

World GDP is used as a surrogate for WHC because we do not have a better quantitative representation of world human consumption.  Hopefully, the growth rate of recovery and disturbance of environmental resources is not greatly different from the growth rate of GDP.  Some suggest that the developed world is moving away from the use of materials and moving toward the use of information.  This would imply that the GDP growth rate might be greater than WHC growth rate.  However, the majority of earth’s people live in developing nations whose growth rates are higher than those of developed nations, and where the use of material resources is very high now as these nations develop the material infrastructures for their cultures and as they manufacture more of the material products consumed by the developing nations.

.

The Central Role of Petroleum in the World Economy

Oil is used as a raw material for many products, particularly those made of plastics; it is the world’s most used fuel; it is a major lubricant and an organic base for cosmetics and medicines.  Oil’s most important use is as a fuel used in power plants to produce electricity, in heating homes and buildings, and to run engines of all kinds, especially in factories and vehicles.  Since oil is the most important resource in sustaining the operation of modern life and institutions, any interruption in oil availability or even a major increase in oil price can slow or stop consumption growth.  The world economy runs on oil, and stops without it.  That is why so much attention is now focused on the rise of oil price to a new all-time high (see the data time history for oil price 1970-2004 in Figure 3).  It is also why everyone should know how the feedback structure of the world’s economy and financial institutions depends on the oil industry.  However, it should be noted that the data for oil price in U.S. dollars per barrel in the figure have not been adjusted for inflation.  Thus, the oil price peak of $40 in 1980 had a greater restraint on world consumption than the $55 peak this year, 24 years later.  In fact, the recent bull market in dollar denominated oil could more accurately be called a bear market in the U.S. dollar.  If oil price had been quoted in Euro currency, as some of the oil producing countries want to do and Russia already does, there would not have been a record high price.
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Figure 3.  Oil Price History Compared with Other Financial Variables

Since there are so many aspects of the oil industry that are important, our oil analysis will be presented in two parts: one in this newsletter and the other one in a future newsletter.  The present analysis will focus on the normal feedback control relationships between the oil industry, the world economy, world financial markets, and short-term (ST) and long-term (LT) growth in WHC.  The later analysis will focus on the world economy and financial markets when the normal regulating mechanisms are ineffective under crisis conditions, and on the pollution, population, and environmental effects of the use of oil.  To present the normal economic and financial effects, we shall focus on the variables in the center and to the left in Figure 1.  New loops in color-coded groups will be added in stages, so they will be reasonably easy to follow. 

Green Feedback Loops (A - F)

that Maintain the 4% Growth Channel of the World Economy
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In order to understand how oil availability and price influence consumption growth, it is necessary to introduce variables into Figure 1 that represent the oil industry’s operations that influence WHC.  The central flow column in Figure 1 with additional variables in the sequence of flows and accumulations that are specific to the oil industry is shown in Figure 4 (right side, top-to bottom). 

Figure 4.  Left Side of Figure 1 with Additional Variables Shown

Some of these accumulations and flows are implied in the clouds, but to keep Figure 1 simple, they are not shown.  Loops A and B in green (Figure 4) are the highly aggregated economic positive loops in Figure 1 that drive the exponential growth of average annual world human per capita consumption.  These loops are discussed in greater detail in our paper, “The Bridge to Humanity’s Future”.  

In Figure 5, to the left of Loops A and B are four financial loops that regulate the economy to maintain the 4% per year growth rate of GDP without allowing it to overheat or to lapse into recession.  Green Loop C is primarily controlled by the central bankers of the world who represent their governments’ interests in a world where national economic interests are greatly influenced by world economics.  In this loop the growth rates of the national economies that are regulated by their respective central banks are measured by GDP.  If GDP is growing at about 4% per year (for the U.S. and other developed nations), ST interest rate is left unchanged.  See the data time history in Figure 3 for one version of ST interest, Eurodollar (3-month notes) nearest futures average monthly price from 1982-2004.  The interest rate is measured downward from 100.00, which is 0.00 %.  Thus, 97.50 on the left vertical scale would be 100.00 - 97.50 = 2.50% per year.  If GDP is growing “too fast,” a judgment call for regulators, ST interest rate is raised to slow down the growth.  If GDP indicates a growth rate that is “too low,” another judgment call, ST interest rate is lowered.  ST interest rate is used for economic regulation, rather than the LT interest rate, because central bankers have more control over ST rates, though they  do not set U.S. Treasury Bill (90-day interest bearing securities) or Eurodollar futures prices.  In the 
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Figure 5.  Financial Variable Loops C, D, E & F that maintain the 4% annual growth rate

United States, Alan Greenspan is the Chair of the Committee in the Federal Reserve System that sets the ST interest rates over which the Federal Reserve has jurisdiction.  All of the developed nations have similar committees.  The central bankers of the developed nations meet several times each year to coordinate their regulation efforts.  The desired growth rate of 4% per year is used (Figure 6) because experience in the 20th century in regulating economic behavior indicates that there are two types of economic scenarios that are particularly destructive to national well-being and are particularly difficult to overcome once they get out of hand.  These are depression and hyper-inflation.  4% is the middle between the out of control values for regulating the economy to keep growth going without risking the two economic dragons.  The early stage of depression is called recession, which exists when GDP growth is negative for two consecutive quarters.  By the time GDP growth has fallen to 1% per year, the regulators may have not only reduced ST interest rates considerably, but they may also be using other regulatory methods coordinated with the government’s treasury department to increase money supply and expand credit, with the tax system to reduce rates or even to give rebates, with congress to increase government spending (fiscal policy), and other methods of stimulating growth before the economy falls into recession.  Similarly, by the time GDP growth rises to 7%, the regulators may have already raised interest rates several percent, credit is being restrained, taxes are being raised, et cetera. to slow down GDP growth so inflation does not get out of hand.  Thus, green Loop C may be positive or negative.  It will be negative when perceived GDP growth is greater than 5% per year and positive when GDP is less than 3% because it is attempting to regulate the magnitude of the rate of change of GDP, not the direction of change, which is always intended to be up.  
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Figure 6. The Historical Maintenance of the 4% Annual Growth Rate

The second important financial variable is average stock prices.  The three major US stock market indexes that investors and traders watch are the Dow Jones Average, the S&P 500 average, and the NASDAQ average.  Many other averages are available.  Many countries have stock exchanges.  In theory, the “Stock Prices” variable in green Loop D is an average of all stocks that are traded, except those whose prices are determined by the price of gold.  Prices of gold company stocks tend to go down when most stock prices are going up; and vice versa.  There is no data for average world stock price.  Figure 7 shows the average monthly price of nearest S&P 500 Index future from 1982-2004.  In loop D, growth in GDP leads to an increase in stock prices.  As stock prices increase, stock owners (most American families own at least a few stocks) and people in general feel wealthier, so they buy more products in the economy.  As they buy more products, GDP grows and stock prices rise.  Loop D is positive in the ST.  As the economy grows and stock prices rise, companies issue new stock (as IPOs, Initial Public Offerings) to raise money to expand.  Investors buy these new shares which expand the economy.  So loop D is also positive in the LT.  Loop F is a speculative loop.  When stock prices rise, speculators extrapolate the past growth as a forecast of what stock prices will do in the future.  Speculators then buy stocks based on the expectation of future price increases.  Their buying forces stock prices higher, a kind of self-fulfilling forecast.  Thus, loop F is positive also.  Note that a positive loop reinforces the direction of change of a variable.  If the variable is growing the loop reinforces the growth.  Of course, if the loop’s primary variable is falling, the positive loop will cause it to fall more.

Another economy-regulating variable is money supply.  Under ideal conditions, the money supply is made to increase as the economy expands to provide exchange liquidity.  If GDP growth is “too slow,” the money supply is expanded faster to stimulate the economy.  If GDP growth is “too fast,” the money supply growth rate is reduced.  Money supply can be increased through the printing of currency and/or by the expansion of credit.  In a fractional reserve banking system, credit can be increased or decreased by changing reserve requirements and by encouraging lenders to loan to their reserve limits.  The effect of increasing money supply is to cause the average price of products in the economy to rise.  This is called inflation.  When inflation is low (under 2% per year), it acts as a mild stimulant to the economy.  The point (too high) at which inflation becomes a significant drag on the economy is dependent on many conditions and constitutes a crisis in the regulatory process (it will be discussed in the later analysis).  The normal money supply regulation is shown as green feedback loop E.  Like regulation loop C, loop E may be positive or negative.
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Figure 7.  Historical Stock Prices and Gold Futures
The objective of green loops A – F is to maintain the growth of GDP at a uniform 4% per year.  Regulators know growth cannot consistently be maintained at 4%, but if they use 4% as a target, they know that the economic growth will not be too low or too high most of the time.  And when it goes beyond where they feel comfortable, it will still not get out of control.  Some of the loops that accomplish this are economic, others are financial.  When GDP is in its desired growth channel of 4% per year (plus or minus 3%), the country or the world is normally prosperous and optimistic; and a high percentage of people are employed and reasonably content.  Central bankers and people in general become nervous when the extremes of 7% and 1% growth are approached.  One of the things that can affect, and in the past has affected, maintenance of growth in the center of the ideal channel is an unusually high price for oil that is sustained long enough to slow the world economy to the lower edge of the channel.

Red Feedback Loops (G - K)

that Control the Flow and Price of Oil to Maintain 4% Global Growth

As WHC grows, the need for oil grows.  Thus, production of oil must continuously rise to match the inexorable growth of demand.  When production lags behind demand, oil price rises to encourage greater production.  If there is competition between oil producers and there are sufficient known reserves of oil underground, after an initial price increase, the resulting higher production usually continues while the price returns to its former level.  However, if the price remains high enough, long enough, it may slowdown the growth of the world economy.  This restraining effect is shown in Figure 8 red Loop G in which rising WHC forces the demand for oil up.  Rising demand forces oil price up.  Rising oil price restrains the growth of the decisions and actions that force per capita consumption and WHC to rise.  As oil price rises the supply or production rate of oil rises to meet demand.  Due to long established political relationships between the developed nations that consume most of the oil and the Middle Eastern countries that produce most of it, in the past the price of oil has returned to the $15 to $30 per barrel price range after production has increased to supply the growing WHC.  This normal ST supply/demand/price regulating system is shown in red Loop H.  Here as oil price increases, supply increases to satisfy the higher demand.  This greater supply then causes oil price to fall back to its historical value.
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Figure 8.  Oil Variable Loops G & H that regulate typical supply and demand scenarios

But what about the likelihood that there may not be a growing amount of oil in the ground?  There are 4 additional loops, I, J, K, and L (Figure 9), that operate to keep the known reserves rising to sustain the growth in consumption.  These will be sufficient until the underground supply of oil is no longer able to keep up with rising demand.  There is a theory in the oil business that the maximum flow that can be recovered from a well begins to fall when about half of the original pool of oil that supplies the wells that are draining it has been removed.  So all of the oil in the deposit does not have to be removed before production starts to fall.  There are those who believe that the estimates of the oil remaining in many Middle Eastern deposits may have been substantially overstated.  Some analysts suggest that 2006 may be the time when Middle Eastern oil production will begin to fall.  Since the decades of the 1960s and 1970s, the total new oil deposits that have been discovered in each succeeding decade have declined.  New oil deposits are becoming harder to find and when they are found, the oil is often more expensive to recover.  When worldwide oil production begins to fall, there are alternative sources of fuel that will have to assume the burden of fueling the world’s economy.  These sources exist, but they are currently more expensive than oil; and they will require some modification of the vehicles and equipment that use the new fuels.  The alternative sources  would have been developed before, but as long as the price of oil remains low, no one wants to switch to the higher priced fuels and invest in the infrastructure changes.  We are now entering an era when inexpensive energy may soon be a thing of the past.

[image: image8.wmf]+

-

+

+

OIL PRICE

WORLD HUMAN

CONSUMPTION

RATE

KNOWN RESERVES

UNKNOWN RESOURCES

DISCOVERY RATE

DECISIONS

& ACTIONS

BENEFITS

& FUNDS

RECOVERY RATE

RESOURCES IN

FABRICATION

-

-

+

HUMAN

NEEDS & 

MOTIVATIONS

-

AVG SUPPLY

OF OIL

INFLATION

U.S. 

BUDGET

DEFICIT

MONEY

SUPPLY

LONG

TERM

INTEREST

RATE

SHORT TERM

INTEREST RATE

DEMAND

FOR OIL

STOCK PRICES

(minus gold)

GOLD

PRICE

-

+

+

+

-

-

-

-

+

+

+

A

+

B

+

+

+

-

+

+

-

-

+

+

-

H

-

G

-

+

SHORT TERM AVG

+

AVG

+

-

WASTE & POLLUTION

POLLUTANTS

RECYCLING RATE

WASTE &

DISCARD RATE

PRODUCTS IN USE

-

+

+

+

-

-

US

DOLLAR

INDEX

BOND

PRICE

+

D

+

-

+

PER

CAPITA

CONSUMPTION

+

+

F

+

+

+

-

+/

-

+/

-

E

+/

-

C

+/

-

+

+

-

-

+

+

+

+

OIL PRICE

WORLD HUMAN

CONSUMPTION

RATE

KNOWN RESERVES

UNKNOWN RESOURCES

DISCOVERY RATE

DECISIONS

& ACTIONS

BENEFITS

& FUNDS

RECOVERY RATE

RESOURCES IN

FABRICATION

-

-

-

-

+

+

HUMAN

NEEDS & 

MOTIVATIONS

-

-

AVG SUPPLY

OF OIL

INFLATION

U.S. 

BUDGET

DEFICIT

MONEY

SUPPLY

LONG

TERM

INTEREST

RATE

SHORT TERM

INTEREST RATE

DEMAND

FOR OIL

STOCK PRICES

(minus gold)

GOLD

PRICE

-

-

+

+

+

+

+

+

-

-

-

-

-

-

-

-

+

+

+

+

+

+

A

+

A

+

B

+

B

+

+

+

+

+

-

-

+

+

+

+

-

-

-

-

+

+

+

+

-

-

H

-

H

-

G

-

G

-

+

+

SHORT TERM AVG

+

SHORT TERM AVG

+

AVG

+

AVG

+

-

-

WASTE & POLLUTION

POLLUTANTS

RECYCLING RATE

WASTE &

DISCARD RATE

PRODUCTS IN USE

-

-

+

+

+

+

+

+

-

-

-

-

US

DOLLAR

INDEX

BOND

PRICE

+

+

D

+

D

+

-

-

+

+

PER

CAPITA

CONSUMPTION

+

+

+

+

F

+

F

+

+

+

+

+

-

-

+/

-

+/

-

+/

-

+/

-

E

+/

-

E

+/

-

C

+/

-

C

+/

-


Figure 9. Oil Variable Loops I, J & K that try to maintain sufficient reserves
The oil industry’s correction loops revolve around two estimates: a) an estimate of how rapidly oil demand will grow in the future, and b) how long the known oil reserves will be able to provide for this growing drain.  These estimates are then used in a shortfall formula to assess the adequacy of reserves.  This critical evaluation concept is “Estimated Shortfall of Fossil Fuels.”  The estimate of future demand growth is obtained by averaging past oil consumption and extrapolating its growth rate into the future.  The period of time is then estimated during which the known reserves can satisfy the growing demand.  Then this future time of adequate supply is evaluated to determine the shortfall.  The faster demand rises the greater the shortfall will be.  The faster new reserves are discovered the more the shortfall will decrease.  Red loop I in Figure 9 is the exploration control loop.  In it, shortfall is estimated from known reserves from which the decision to explore for oil is derived.  As exploration effort increases, new reserves are discovered, as long as there are unknown resources still available.  As known reserves increase, the shortfall declines and exploration is reduced.  Thus loop I is negative.

Red loop J arises from the use of the LT average demand extrapolation in the shortfall formula.  As oil demand increases (the result of WHC increasing), shortfall increases; and then exploration effort increases.  This encourages increases in recovery rate, resources in fabrication, and, finally, in WHC itself.  Loop J is a LT positive loop in which oil demand expansion stimulates the exploration necessary to increase reserves that in turn reinforce the demand increase.  Actually, Loop J not only encourages exploration for more oil reserves, it also encourages many activities and investments that improve the efficiency of recovery and use of the oil that is available.  So vehicle owners tune-up their engines more often, factory managers maintain their machines, engines and boilers better, airlines are careful about their passenger loading and routing to minimize fuel use, et cetera. 

The LT influence on WHC of falling known oil reserves is to put pressure on (serve as a brake on) the decisions & actions that drive the growth of WHC.  Red Loop G represents the way increasing oil price restrains WHC growth in the ST.  Red Loop K represents the way that falling oil reserves restrain WHC growth in the LT.  As WHC increases, oil resources in fabrication decline.  As resources in fabrication decline, recovery rate increases.  As recovery rate increases, known reserves decrease.  As known reserves decrease, the aggregate decisions & actions to consume decrease.  A decrease in decisions & actions leads to a decrease in WHC.  Unfortunately, the quantitative value of known oil reserves is a number that is not known precisely.  The governments of the nations in which the reserves are located have geologists who help them make their estimates.  However, political considerations are sometimes involved in the estimates the governments report.  Some years ago, many of the oil producing countries in the Middle East announced significant increases in their known reserves.  Those increases were not supported by evidence of new oil discoveries or by credible geologically-based evidence that past reserves estimates were in error.  Recently, when oil price went to a series of new all-time highs, the producing nations said they would increase production enough to maintain price below $40 per barrel.  Their failure to provide the greater oil flow has caused some oil experts to question the known reserve estimates of most of these producing nations.  If the known oil reserves estimates are too high, it may mean that the maximum recovery rate condition (mentioned above) has arrived or is near.

Red Loops G-K show the major direct effects of the oil industry’s activities on the world economy.  Loop G represents the ST restraining effect of rising oil prices on world consumption.  The stimulating effect of unusually low oil price is less pronounced than the restraining effect of high oil price.  Loop H reflects the normal ST response of increased oil supply (daily production flow) following a high price to restore the price to its historical range and to remove the restraint on world economic growth.  Loop I controls the LT exploration activity that maintains known reserves at a level that can sustain ST oil production and provide for consumption growth in the future.  Historically, enough exploration has been done to maintain known reserves at about 30-40 years of current production.  Loop J works through the maintenance of sufficient reserves to reinforce the consumption exponential.  Loop K is a potential control loop that is just beginning to function to restrain consumption growth in the LT in response to the inevitable eventual disappearance of inexpensive oil.  At an unknown future time, oil in all of its uses will have to be replaced by alternative materials.

Red Feedback Loops (L – N)

that Control Oil’s Impact on Consumption through Forces Outside the Oil Industry

The last three red loops, L-N, represent control loops outside the oil industry that influence the relationship between the oil industry and the world economy.  Red Loop L represents speculative activities by financial traders (individuals, companies, banks, and governments) in oil-related securities and agreements on the regulated stock, futures, and options exchanges of the world and in private forward contracts; and in transactions by traders in oil-related physical commodities that stockpile, trade, and/or arbitrage for profit, hedging, or strategic needs.  These speculative activities are extensive and complex, so Loop L in Figure 10 does not reflect all of their ramifications.  Loop L begins with speculation activities that influence the oil price.  Oil price affects WHC which influences estimated shortfall of fossil fuels through the LT average of WHC.  Notice that WHC also influences estimated shortfall through known reserves, but this loop is not labeled.  To be properly represented, speculation activities would have to be influenced at least by oil demand, oil supply, political forces, U.S. dollar index, technical aspects of the oil-related securities markets, and interest rates.  Loop L is included to remind the reader of the existence and importance of speculation effects on oil’s influence on the growth of the world economy.  Loop L will be expanded in the second part of our oil analysis to clarify its crucial importance when major crisis conditions eventually come to prevail in the oil industry and in the world economy.  Red Loop M reflects the ST substitution of other fuels and materials for oil when their prices become cost effective relative to oil price.  Red Loop N reflects the ongoing LT research and investment in alternative fuels and materials to make them more cost effective and to provide sufficient production capacity to maintain availability when oil price is high.  The effect of red loops M and N is to relieve the constraints imposed on WHC by the intermittent and eventual price and supply problems of the oil industry.
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When oil price rises, the relative cost of oil substitutes (alternative energy sources in the ST, renewable ones in the LT) goes down, so the desirability of oil substitutes goes up.  As oil substitutes’ desirability rises, demand for substitutes increases.  This eventually increases WHC without increasing demand for oil, so oil prices decline.  Positive red Loop M, thereby, partially neutralizes the consumption-restraining effect of negative red Loop G.  Loop M has a positive sign, but that does not mean it is positive with respect to demand for substitute fuel sources.  Loop M is positive with respect to consumption, but as in many of these loops, there may be a substantial time delay involved in the impact of the influence of the cause variables (at the tail ends of the influence arrows) on the effect variables (at the head ends of arrows). 

Figure 10. Oil Variable Loops L, M, & N that relate the oil industry to the world economy

The positive loop that controls the growths of the alternative energy sources is red Loop N.  In Figure 10 red Loop N looks very small, but its importance is very great.  It represents the continuing process of research and development to improve the efficiency, effectiveness, and price competitiveness of the various oil substitutes.  It also includes the investments in production and distribution facilities that are needed to fulfill the growing demand for these substitutes as oil reserves decline and eventually disappear.  In Loop N as substitutes’ desirability increases, research is increased and more investments are made to lower the absolute price of substitutes, to increase the effectiveness of the substitute products, and to expand and improve production, distribution, and marketing capabilities for oil substitutes.

Blue Feedback Loops (O - T) 

that Control Some of the Political Forces Associated with the Oil System

The United States and Great Britain became involved in the politics of the Middle East somewhat before oil was discovered there.  It was with American and British aid that the Saud family came to rule Saudi Arabia.  Over the years, America and Britain have been involved in many political activities to influence and support regimes that were favorable to their interests.  One major interest of the United States is to have uninterrupted  access to Middle Eastern oil at low prices.  Thus, the persistent low price of Middle Eastern oil is due to more than the impersonal operation of free market supply/demand economics.  When oil price has spiked up, as in 1980, it has been the result of political conflict in the Middle East; and will be so caused in the future until the time is reached when oil reserves and oil production are in a sustained decline or the ruling regimes in the oil nations are unfriendly to the developed nations.  In blue Loop O (Figure 11), long-term average oil price operating through historical political relationships with many of the Middle Eastern producers has had a positive influence on average supply of oil and a restraining influence on price increases.  However, since the terrorist attack of 9/11/2001 (in which a majority of the terrorists were Saudi citizens) and the American invasion of Iraq in March of 2003, the traditional political relationships have become strained.  These events and the threat posed by the terrorists who oppose the sovereignty of the Saud family in Saudi Arabia, could or may already have changed the sign of Loop O from negative to positive (from friendly to consumer countries to antagonistic).  If and when the loop sign becomes persistently positive, the price of oil will be forced up by the political agendas of the Muslim producing countries and of the developed consuming countries, not by the geology and market economics of the oil industry, unless oil reserves run dry.

As the political forces change from friendly toward the developed nations that consume most of the oil to antagonistic toward them, important financial variables may be influenced adversely by the political uncertainty and controversy.  As terrorism, war, and sabotage of oil infrastructure intensify, the price of LT bonds (particularly the U.S. government’s 30-year bond) will fall.  Falling bond prices force LT interest rates up.  Rising interest rates generally have a restraining effect on consumption (blue Loop P).  This will release some of the demand pressure on the price of oil.  However, reduced demand may not force prices down much because the dominant force on oil price may become fear of the political forces and the interference in oil recovery and transportation resulting from the hostilities as expressed through speculative forces that are not fully developed in this analysis.  Therefore, blue Loop P, a negative loop, likely will restrain the normal growth of human consumption for the next few years, but oil price may not decline.  Similarly, deteriorating political relations between the Muslim oil producers and the Christian developed world along with the Jewish presence in Israel may force the price of gold to rise.  Gold is almost universally used as a store of value in uncertain times, particularly in Asia and the Middle East, when governments permit private ownership of gold (and even when they do not permit it).  The gold dinar of the Muslim world that went out of general circulation after World War I, when the Ottoman Empire was defeated, has been revived.  Some Muslim nations that produce oil are talking about only accepting gold in payment for oil.  China has established futures trading in gold and talked about minting gold coinage in significant quantities for monetary use.  China now, like the U.S., mints gold coins for collectors, but not for monetary use.  Blue loops Q and R show how politically-inspired gold price increases may restrain consumption by increasing the pressure for LT bond prices to fall and for the value of the U.S. dollar to fall also.  Loop Q, from political unrest through increasing gold price, reinforces the effect of political instability (Loop P) in influencing LT bond price to fall, thereby restraining consumption growth.  In blue Loop R, increasing gold price influences the purchasing power of the U.S. dollar to fall.  The falling dollar forces the price of oil up.  Rising oil price restrains consumption growth and increases the political conflicts.  Loop R is a positive loop that directly intensifies the political conflict.  Blue Loop S represents the influence of gold price increases to force the value of the dollar down and consequently to force the price of oil up.  This then reduces the growth of consumption, which returns to force up the price of oil.  Loop S is a positive loop, but it only reinforces the consumption trend significantly when it is falling. When consumption is growing the resulting decline in gold price has little effect on the dollar index.  Thus, in economically distressed times the increase of gold price aggravates the decline, but when times are good, the gain around Loop S is too small for it to reinforce the uptrend very much.
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Figure 11.  Blue Political Variable Loops O, P, Q, R, S & T that influence the oil industry

The final loop for consideration in this part of the oil industry analysis is blue Loop T.  This is a positive self-loop.  This means that once political relationships reach the stage of overt hostilities, there is a tendency for the conflict to feed on itself.  Ordinarily, escalation in hostilities does not end until a victor is established and the loser submits to the victor’s terms.  This kind of scenario was played out in Vietnam, where the U.S. lost.  Uncharacteristically, the U.S. withdrew before it won the war.  Iraq and the Middle East are different from Vietnam.  There was no oil in Vietnam.

Conclusion of Oil Industry Analysis, Part 1

The world oil industry is the core supplier of energy that enables WHC to grow at an annual rate of approximately 4% per year.  Our analysis indicates that the developed nations attempt to maintain this growth rate through a series of closed-loop influences on the oil producing industry, influences on their own national growth rates, and influences on world economic growth through a diversity of fiscal and monetary variables.  These monetary variables include the US dollar index, US 30-year bond price, and money supply of US dollars.  These US values are used, instead of world values, because US dollars are used for about 60% of the currency reserves of the nations of the world; and the US Treasury bond is the major investment instrument of the world system.  Roughly 80% of world savings are invested in US real estate, US stocks, and US government securities.  The ability of the world system to grow at 4% consistently is based on the financial strength of the US economy, on the perceived integrity of the US Treasury, on the technological and entrepreneurial inclinations and capabilities of the people of the world who are free to pursue these ends, on the ready availability of low cost oil, on the monetary and fiscal policies of the developed nations, and on the lack of an in-your-face environmental collapse.

At this time the maintenance of global growth is threatened by many factors.  The US economy, while recovering from the 2000-2002 collapse of its stock markets and mild recession, is in an unbalanced position that threatens the recovery.  With a falling US dollar and rising US debt at all levels at all-time highs, the strength of the US economy and the integrity of the US Treasury are at risk.  With stock indexes at unsustainably high price/earnings ratios, there are questions about the sustainability of a new bull market.  With the war in Iraq slowly escalating and serving as a magnet for militants worldwide to blow themselves up to kill Americans and go to paradise, US economic and financial positions are becoming further undermined; and the war threatens to extend to other Middle Eastern nations.  The war on terror has not been won, while the freedoms that sustain technology and entrepreneurship are eroding.  A major terrorist attack (nuclear, biological, or chemical) on an American city may bring draconian surveillance and stifle economic incentives.  A successful attack by militants on the government of Saudi Arabia or Kuwait could greatly reduce oil flow and raise oil price dramatically.

The rise to $55 per barrel was not caused by any drastic changes in the industry or in the war.  It may foreshadow the long-awaited time when world oil production reaches its geologically-sustainable maximum flow.  Finally, environmental problems have not disappeared.  The recent 9.0 earthquake near Sumatra that precipitated a monumental tsunami that killed 150,000 people and, despite unprecedented global relief efforts, threatens to kill another 100,000 or more through disease and depravation, demonstrates how vulnerable humanity is to environmental catastrophes. 

It should also be noted that attempts to manage WHC to maintain 4% growth are based on economists’ realization that their regulatory policies have limitations.  As long as growth is contained within the 4% + or – 3% range, the policies, used individually and collectively, are relatively reliable.   However, once growth goes negative, the policies lose much of their effectiveness.  In the great depression in the 1930s and in the Japanese depression that now seems to be ending, economic growth was very low and unemployment was very high for many years despite historically low interest rates, massive government works programs, and low taxes.  On the high side, as growth begins to exceed 7% per year, inflation may get out of hand.  Runaway inflation is even more devastating than depression.  It literally destroys the value of all physical and financial assets.  Latin American countries have been plagued by excessive inflation for centuries.  This has limited the economic development of the entire region.  In the early 1930s when most of the world was in a depression, Germany experienced a hyperinflation that contributed to the rise of Hitler to power. 

The purpose of this newsletter is to focus your attention on the feedback control processes that regulate the world economy.  This is a first attempt to capture the dominant feedback structure that controls world economic dynamics, particularly with respect to the role of the oil industry.  We hope you will read it, trace the loops in the diagrams, and think about the way growth is created and maintained.  Think about how the policies adjust to compensate for imbalances.  Follow the activities of the Federal Reserve as it stimulates and restrains the economy, while protecting the dollar and the financial integrity of the US.  Put yourself in Alan Greenspan’s position.  Look at the loops and see how you would change ST interest rates and what you would say in your speeches and testimonies before congress to encourage investors to invest without creating a stock bubble, encourage Americans to save more without hurting consumption, encourage companies to hire more employees without hurting their profits.  Let us know what you think the dominant loops are, especially in the area of speculation (red Loop L is only one of the many speculation loops).  Commodity futures (and later options) trading was justified on the belief that it would provide a more liquid hedging market for producers and fabricators, and reduce the amplitude of price fluctuations.  In our second article, the stability of futures trading will be analyzed from a System Dynamics perspective.

The world socioeconomic system is designed to grow without limit.  That makes it a mathematically unstable system.  Engineers are trained to test all of their system designs for instability, and to redesign them until they are stable (no unlimited growing exponentials).  This intrinsic instability makes the world system susceptible to rapid catastrophic collapse.  The positive loops that create the growth exponential can cause a much faster collapse when they are reinforcing a decline, rather than an increase, because the delays in the loops are much shorter on the way down.  The old saying, “the rich get richer and the poor get poorer,” is not true in the world’s expanding economy.  However, the rich are getting richer faster than the poor are getting less poor, so the gap in standard of living between rich and poor is growing.  It is ironic that in Saudi Arabia, the world’s richest oil nation, even the best roads are full of potholes and the societal infrastructure is deteriorating because the oil money remains in the hands of the ruling Saud family.  Very little oil money trickles down to the destitute masses.  Therefore, the rich will be better able to survive the inevitable sustainability transition crises than the poor.  This will be a great global injustice, and one that is bound to have dire consequences.  Historically the lower classes have always born the brunt of hard times.

The biosphere may survive humanity’s madness, but human social institutions are unlikely to be as resilient.  The challenge is not to keep making the economic pie bigger.  The challenge is to distribute the pie better and make it smaller soon enough and equitably enough to save humanity from devastation.  It is our hope that our ongoing analyses will eventually convince the world’s leaders and even environmentalists that:

· Humanity’s survival is threatened now.  No one knows when the environment and/or the socioeconomic system will collapse.

· The crisis must be faced by all nations, and resources must be shared.

· The world system is extremely complex and its feedback control causality is counter-intuitive.

· The Ecocosm Paradox is so intricate and intractable that great analysis effort and great care and compassion are required to find a just solution.

· No solution that EDL has seen has even the slightest chance of avoiding massive loss of life and resources in the crisis and transition.

· The environmental crisis and the instability of the global socioeconomic system must become the most important and most immediate item on the agenda of all people and all governments.

Appendix A:  Descriptions of Feedback Loops

Loop A +  This loop represents the way benefits received by consumers and payments received by producers are used to activate consumption and production decisions that reinforce consumption 

growth.

Loop B +  This loop represents the way human needs for consumption goods (needs sometimes created by salesmen) and desires for producer profits are reinforced by actual consumption and, thereby, motivate consumers and producers to make continuing decisions, that when enabled by Loop A, reinforce consumption growth.

Loops A and B reflect the globalization style "shop until you drop" and "supply creates its own demand" mentalities.

Loop C +/-  This loop is controlled by the central bankers in order to maintain a reasonable 4% annual consumption growth rate while avoiding both hyper-inflation and recession.  It involves raising 

short-term interest rates when consumption growth rate is "too high" and lowering ST interest rates when growth is "too low."  These judgments can be difficult at times.  When this regulation 

does not work, there are other monetary and fiscal policies that are used to prevent the two great economic dragons, hyper-inflation and depression.  The loop sign is +/- because sometimes the policy 

reinforces the trend and sometimes it resists the trend in consumption.

Loop D +  This loop represents the rise in stock prices caused by growing consumption.  Rising stock prices make consumers feel richer, so they consume more; make producers feel more successful, so they produce more; and make investors want to make money from the prosperity, so they invest more and the producers use the investment money to expand their capacity to produce.  These three effects all reinforce consumption growth.

Loop E +/-  Today most consumption transactions involve exchanging goods and services for money.  Many economists believe that raising the quantity of money roughly in line with the rate of consumption 

growth facilitates transactions and keeps prices stable.  So most countries gradually expand their money supplies to sustain the "magical 4%" growth.  It is not always so simple, since both the velocity of money transactions (the average time between receiving money and spending it) and whether printing money is used as a part of monetary policy, may influence the decision to expand or contract the money supply.  Thus, this loop may be positive or negative.

Loop F +  This is a self-reinforcing loop driven by speculators, whose objective is to make money.  Most speculators are trend followers.  Speculators buying stocks causes stock prices to go up.  Seeing stock prices go up causes speculators to buy stocks.

Loop G -  As consumption grows, the demand for oil grows.  As oil demand grows, oil price increases.  When oil price increases, consumption decisions and actions fall and consumption slows its growth.  Thus, the loop is negative.

Loop H -  This is the supply side of oil price regulation.  As oil price increases, oil supply increases.  As oil supply increases, oil price falls.  Thus, the loop is negative.

Loop I -  As oil is consumed and consumption grows, oil reserves must be replenished to insure that future oil consumption can be satisfied.  This is done through exploration to find new oil deposits when a shortfall of reserves is perceived. This loop is negative because it corrects the perceived shortfall.

Loop J +  This loop reinforces consumption growth by motivating exploration that leads to discovering new reserves that are used to maintain the flow of oil that supports the consumption growth.

Loop K -  This is a long-term version of Loop G.  Here world consumption growth will be restrained by a perceived shortage of oil in the ground to sustain increases in oil recovery, instead of by an increase in oil price.  As the "peak oil" condition is recognized, this loop will become active.

Loop L +  This loop is included to represent the effect of speculation on oil price.  There are many variables that influence speculative activities that affect the price of oil, so this is an example of a positive loop which is one of many (both positive and negative) that are not shown.  Speculation will become a major part of the next oil article, so there will be many loops to reflect it there.

Loop M +  This loop reflects the substitution of alternative products to replace a fraction of oil demand when the price of oil rises above the comparable prices of the alternatives.  While Loop M does support the economy when oil price rises, the existing oil alternatives are higher in price than historical oil prices, and the availability of the alternatives is limited.  When the price of oil remains high in the LT, these alternative sources will become more attractive and reinforce consumption growth better.

Loop N +  This loop reflects the ongoing development of the oil alternatives.  As the price of oil trends upward in the LT, the prices, effectiveness, and availability of the oil alternatives will continue to improve.

Loop O +/-  This loop reflects the political influence on oil supply.  Historically, increases in oil price have caused increased political tensions in the Middle East.  However, until recently the political regimes in the area have tried to moderate the influence of general political unrest on oil supply and oil price.  Thus, average oil price has remained low for many decades.  Under these arrangements Loop O was negative.  Recently, these historical relationships have become strained, and Loop O may be changing sign to positive, an ominous possibility.

Loop P -  As political unrest in the Middle East grows, the 30-year U.S. Treasury Bond price likely will fall, and LT interest rates will rise.  LT interest rate increases usually eventually restrain WHC growth, oil demand, and oil price as well.  However, the reduction of oil price caused by the operation of Loop P will probably be less than the increases in oil price caused by other aspects of the political unrest.

Loop Q -  Like Loop P, this loop restrains increases in WHC and oil price through an increase in LT interest rates inspired by an increase in the price of gold.

Loop R +  This loop reinforces the increase in political forces.  Gold price increases in response to increasing political unrest.  Increasing gold price weakens the U.S. dollar index which raises the price of oil.  Rising oil price reinforces the political unrest.  If oil price were denominated in terms of Euros, the gain of Loop R would be considerably reduced.

Loop S +  This loop reinforces changes in WHC through changes in the price of gold and the price of LT bonds.  However, the reinforcement only works when consumption is falling.  That is because when WHC is rising, the resulting decline in gold price does not raise bond price.  Gold price changes are only influential when crisis conditions exist, unless gold is a significant monetary metal.  Major world currencies have been off the gold standard since the U.S. banned gold in 1973.

Loop T +  Once a political confrontation goes beyond the negotiation stage and military hostilities begin, the conflict tends to escalate as it feeds on itself.  In systems theory, this is a self-reinforcing, positive loop.

Notes and References

Economics notes and references:

Economics is not an exact science.  There are many theories of micro- and macro-economic behavior.  Some theories work sometimes under "normal" conditions, some work sometimes under "crisis" conditions, some never work, and no theory always works.  These references cover classical economics (Samuelson), monetary theory (Friedman), growth theory (Solow), economics from an environmental viewpoint (Brown), crisis economics (Kindleberger), economics from the viewpoint of an enormously successful speculator (Soros), and economics with a focus on oil by a successful investment advisor (Leeb).  Samuelson, Solow, and Friedman all received Nobel Prizes in Economics.

The feature article presents world economics with an oil perspective from a system dynamics viewpoint by a person who was a co-founder of the field of system dynamics; who personally studied micro-economics under Samuelson and macro-economics under Solow in the economics doctoral program at MIT; who believes in the importance, but not the supremacy, of monetary theory; who has come to appreciate the power of speculative influences on world economic and financial outcomes, and who fears global economic crises because they destabilize all aspects of society from the individual family to the global human community.

These economic references are not provided because they support the model presented in the feature article (though there are some common concepts), but because they provide an introduction to some important economic viewpoints that have been useful under certain circumstances in the past and that differ in some important respects from aspects of the feature article.  An understanding of how and why the world socioeconomic system actually operates as it does at this momentous time in human history, when human consumption has soared above planetary sustainability at maximum acceleration, is the most important knowledge individual humans and humanity collectively need to know now and use wisely and compassionately.  If humanity fails to understand and/or fails to act appropriately, humanity will not survive.

Brown, Lester R., "Eco-Economy: Building an Economy for the Earth," 2001. Economics from the viewpoint of an environmentalist concerned about sustainability.

Friedman, Milton, "Monetarist Economics," 1990.  The monetarist textbook of the great monetary theorist.

Kindleberger, Charles P., "Manias, Panics, and Crashes: A History of Financial Crises, Fourth Edition," 2000.  One of the best descriptions of what happens and why it happens when normal economic forces fail to work “properly”.

Leeb, Stephen and Leeb, Donna, "The Oil Factor: How Oil Controls the Economy and Your Financial Future," Warner Books, 2004.  Leeb, a very successful investment advisor for many years, bases his investment models of the economy, the stock market, and the bond market to a considerable extent on the price and availability of oil.  He believes oil industry problems are going to dominate as never before the economies and markets of the world in the next decade or two until alternative energy sources are developed.

Samuelson, Paul A., "Economics," any of its many editions.  For over 50 years, since its first edition in 1948, Samuelson’s text has been the standard bearer in teaching the principles of economics.

Solow, Robert M., "Growth Theory: An Exposition," 2000.  Solow describes the nature of economic growth theory and charts the changes in growth theory from 1969, when this book was first written (first edition published 1970) to the publication date of the most recent revisions (2000).

Soros, George, "The Crisis of Global Capitalism: Open Society Endangered," 1998.  The economic and financial theories of one of the world’s most successful investors.

Oil industry notes and references:

Hubbert, M.K. (1962). Energy Resources. Washington, DC:National Academy of Sciences, pp. 1,19.

Parent, J. (1984).  A Survey of United States and Total World Production, Proved Resources, and Remaining Recoverable Resources of Fossil Fuels and Uranium. Chicago:Institute of Gas Technology.

Wiggin, Addison and Bonner, William, "Financial Reckoning Day: Surviving the Soft Depression of the 21st Century," 2003, a New York Times #1 bestseller.  Mr. Wiggin is the publisher of the resource investment advisory "Outstanding Investments."  His advisory has covered the oil and energy industry for more than a decade.  He reports on the research of Dr. Marion King Hubbert who discovered in 1956 the oil well recovery scenario in which, when the remaining oil in a deposit reaches one half of its original volume, pressure begins to drop, the daily flow begins to fall, and the cost of recovery per barrel begins to rise.  Wiggin also covers the likelihood that oil producing countries have overestimated their remaining reserves.  In 1986 OPEC made a new rule that its members could only export as much oil as their reserves.  Shortly thereafter, most of OPEC's members raised their reserve amounts considerably.  For example, Saudi Arabia raised its reserves from 170 to 260 gigabarrels in 1987 without finding any new oil fields.  There has been considerable skepticism expressed in the financial press about the stated sizes of oil reserves and considerable concern that the time of peak oil flow has already passed or is imminent.  Wiggin, in agreement with Dr. Kenneth Dreffeyes, a former colleague of Dr. Hubbert, is projecting mid-2006 or sooner as the time of peak world oil flow.  Other resource investment advisories report similar opinions.

World systems references: 

Boyden, S. and Dovers, S. (1992). “Natural-resource consumption and Its Environmental Impacts in the Western World.  Impacts of Increasing Per Capita consumption,” Ambio Vol 21 No. 1.

Brundtland, G.H. Chair (1987). Our Common Future. New York:Oxford University Press.

Cohen, J. (1995). “Population Growth and Earth’s Human Carrying Capacity,” Science 269, pp. 341-346.

Daly, H. and Cobb, J. (1989). For the Common Good. Boston:Beacon Press.

Fey, W.R. (2001). “Intellectual Roots and Philosophy of System Dynamics” Encyclopedia of Life Support Systems  United Nations: Internet.

Fey, W.R. and Lam, A.C.W. (2001). “The Ecocosm Paradox” Encyclopedia of Life Support Systems  United Nations: Internet.

Fey, W.R. and Lam, A.C.W. (2001, 20001). “The Bridge To Humanity’s Future”, Understanding Complexity. New York:Kluwer Academic Press, pp. 127-138.  Also the full paper as presented at The World Congress of the Systems Sciences in Toronto, 2000.

Fey, W.R., Lam, A.C.W. and Gutierrez, L. (2004). “View from the Rainbow Bridge: Research Newsletter of Ecocosm Dynamics, Ltd. Vol.1, No.1”, Internet: www.ecocosmdynamics.org.

Vitousek, P.M., Ehrlich, P.R., Ehrlich, A.H., Matson, P.A. (1986). “Human Appropriation of the Products of Photosynthesis”, Bioscience Vol. 36 No. 6, pp. 368-373.  This article contains careful estimates of the magnitude of human impact on the Earth’s natural resources.

Data references:

Alaron Financial Charts (2004), Internet: http://sites2.barchart.com/pl/alaron/mktcom.asp .  The Alaron database provided the data for the financial curves in Figures 3 and 7.

Energy Industry Administration, Dept. of Energy, U.S. Government (2004), Internet: http://www.eia.doe.gov/emeu/cabs/chron.html . The EIA database supplied the oil price data which is part of Figure 3.

EWI (2004), Internet: http://www.economicswebinstitute.org/glossary/gdp.htm#long .  The EWI database provided one of the GDP curves (Figure 2).

United Nations (2004), Internet: http://unstats.un.org/unsd/snaama/selectionbasicFast.asp .  The United Nations database provided one of the GDP curves (Figure 2).

World Bank (2004), Internet: http://globaloutlook.worldbank.org/globaloutlook/outside/globalgrowth.aspx .  The World Bank database provided one of the GDP curves (Figure 2) and the data to construct the GDP growth rate curves of nations in different income categories (Figure 6).

The remaining figures were constructed by the authors from their own research.





























































































































































































































































































































































































































































Copyright ( 2005 by Ecocosm Dynamics, Ltd.

