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Economic theory is based on the observed regularities of the past and some are considered as general
principles, or “natural laws” that are expected to never change. From a systems view, though, such
laws are emergent properties of the complex system they are regularities of, and prone to change as the
system changes form. Growth systems, for example, invariably change form when they climax, but the
present laws of economics describe a complex system that has perpetual growth that never changes
form. The question is partly how to tell when such changes might be appearing. Complex systems
may vary a great deal without indicating a change in the form of the whole system. What would raise
the question is finding events of kinds that are not supposed to occur at all. Present evidence points to
depletion of necessary resources as the possible cause of the combined food and fuel price spiral of the
past decade’.

An example of one such economic law is that scarcities are temporary. In theory, self-interest drives
people to either find substitutes, added supplies, or to reduce demand as prices rise, and in those ways
scarcity is expected to resolve smoothly. When none of those three things occurs, though, the
economy experiences a continuing price spiral with no substitutes or added supplies being found for an
extended period. It's a primary indication that the physical system is at a point of inelasticity, and
changing design in some way. Then the old “laws” become misinformation about regularities that no
longer exist. This is a brief research note on one example, to raise questions.

The economies that are unable to relieve scarcities for their own needs violate their own equilibrium.
They create panics as markets display a “law of limitless price” for resources in inadequate supply for
which there is rigid demand, instead of the traditional “law of supply and demand”. If scarcity develops
locally, but substitutes from elsewhere can be found to relieve them, such “price shocks” are natural
events that the system as a whole recovers from.

Scarcity is never supposed to happen for an extended period for the whole economic system at once,
though. It would imply that the value of investing in finding alternates or increasing supplies has
declined to zero, no matter the price. That would violate one of the primary laws of economics, the
expectation that increasing investment produces increasing returns.

In micro-economics, and development generally, it is universally understood that any process of
increasing self-investment has increasing returns only to a limit. Past that limit, additional investment
produces diminishing returns. Some believe the principle of diminishing returns does not apply to
macro-economics, though. The world economy as a whole has never before had slowing growth for an

1 . . . . .
In this context “depletion” refers to the combined whole economy’s access to basic resources, not the depletion
of any one source or method of extraction, and “necessity” is similarly its requirements for following normal rules.
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extended period in modern history, leaving the theoretical limitless potential of human invention

untested.

Evidence that the economic system as a whole has ended its long period of continual growth, and has
instead begun to climayx, just as natural systems always do, would have especially far reaching

implications for what can be planned on.

It relates to what Keynes” and Boulding® referred to as the

“widows cruse” (from the Biblical story, | Kings 17:8-16, of Elijah and the inexhaustible cup, or ‘cruse’
which he gave a hospitable old woman) representing the sustainable path for economies at climax as
they experience diminishing returns on investment.
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Fig 1 Development Path Options for Natural Resource Limits

What would push a whole self-investment system beyond its point of diminishing returns, broadly, is
additions to its energy overhead costs and/or energy resource depletion, resulting in declining whole
system EROI*” and declining physical profitability. As depicted in the figure 1, a sustainable state is
accompanied by a steady level of investment (solid lines).

During the development period, increasing investment results in increasing returns until it begins to
have the reverse effect. If continued (dotted lines), returns decline toward a point of vanishing returns
as physical income is no longer greater than costs. Where overhead liabilities build up and returns on
investment decline, a point is reached where it is “no longer worth it” to operate a system. Such a time
is reached to “call it quits” for all kinds of large and small business plans.

In general, the limit is real but beyond available information to define, and often unexpectedly
discovered, as in bankruptcies. When a whole economic system displays diminishing returns, it
prompts the analyst to look for possible thresholds of vanishing returns that would predict collapse.
That such reversal and failure points are theoretically sure to exist for any process of development using
physical resources, makes looking for such limits a good question to ask in response to evidence of
unexpected inelasticity.

Natural diminishing returns is what happens when a person is shining his shoes or combing his hair, and
the first strokes accomplish a lot and then later ones accomplish very little. Every resource, whether

’).M. Keynes. Treaties on Money and The General Theory — Chapter 16

* Kenneth Boulding. A Reconstruction of Economics — Chapter 17

4 Energy Returned On Energy Invested, EROEI for energy is the ratio of physical returns to the physical costs to
obtain resources, called ROl in general. The ROI ratio increases as resources are discovered and declines as they
are depleted. It needs to be high for resource extraction in order to absorb societal overhead costs of resource
use. That TROI (total ROI) needs to remain marginally greater than one for the sustainability of the whole system.
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obtaining supplies of a physical material, or improving a technology for using them, displays its limit by
the decreasing productivity of increasing physical investment.

The investment response to any diminished resource is often to substitute new techniques to maintain
productivity. That means that diminishing returns may also be expressed as increasing complications in
finding substitutes, emerging conflicts of interest or unresponsiveness for related resources in making
those substitutions.

An example is the broad present experience in professional “sustainable design” and in “sustainable
development”. Designers now find a very large increase in the complexity of coordinating many
different designs and systems at once is needed for success. These are all features of the broad
meaning of the 2" law of thermodynamics and how it applies to the “cost of energy” for any physical
process of “making things happen”, and as what the subject of thermodynamics(a) generally refers to.

One of the most curious things about the debate over the natural limits to growth, though, is the
general lack of professional study of signs of significant change in the nature of economies, partly due to
a belief that economic laws don’t change. The point when diminishing returns for added investment is
reached is actually the end of the compound growth period. For us, a 30 year overshoot of speculative
financial expansion, apparently absence real investment potentials to satisfy investors, may have
disguised our passing the real point of physical diminishing returns on investment long ago.

Watching for such turning points should be our natural means of ‘steering’ our own theories. It should
be our main way to discover the natural limits of our own models, not just for one point of view on the
debates over planning and policy, but for all points of view. Not watching closely to see when nature is
upsetting our theories implies we are treating our theories as being our reality, giving us no perspective
for questioning them.

It should be possible, then, to consider our theories as only a form of information to help us understand
where nature is taking us. Discovering behaviors in the economy that violate the long trusted laws of
economics would then test its assumptions. With the right information, people are very responsive to
ending increased effort when they experience diminishing results, and promptly adjust their efforts for
all kinds of things.

What's first needed is a means of noticing things not following the old rules. The problem seems to
occur when we have little experience except for knowing the rules to follow. We can then get the
wrong signal, as when following old rules in an environment where the rules have changed.

For example, if one only looks at the profits involved, having prices rising faster than costs might signal
increasing investment opportunity. If the reason for rising prices is fundamental scarcity due to over-
investment in the physical resource, then accelerating that fundamental scarcity by increasing
investment is quite counterproductive, even if locally profitable.

The problem being hinted at here is that relying on profiting from scarcity to be a growth industry and to
pay for increasing overhead costs for other things, is a strategy that may abruptly collapse. It would be
unfortunate to be banking on short-lived strategies to finance things like converting the world economy
to sustainable technologies and avert climate change, for example.

If our larger economic problem is profiting in the false profit of making things scarce, we’re talking about
a physical development trap potentially more threatening than peak oil, climate change, and the
financial breakdown combined. The projected profits needed to invest in those needs may simply not
materialize at all. Development of all kinds alters its environment and creates conditions that upset the
apparent “rules of the past” giving false guidance unless a person is watching for the signs of reversing
directions of the environments own responses to us.
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One of the hidden but most important of all principles of natural systems is that every physical system
that begins with growth, alters its environment in a way that brings an end to its own growth. When
that approaches, it is not the past regularities of the system or the equations one had developed trust in
that are important, but the limits of the physical system and what new regularities may develop.

One of the recent economic behaviors an economy is never supposed to exhibit is the way the prices of
food and fuel (our primary necessities of life) began a rapid exponential divergence from their prior
stable level for the 6 years from 2002 to 2008°. They increased at ~25%/yr, until the world economy
collapsed. They seemed to be following some altogether new “law of unlimited price” instead of the
usual “law of supply and demand”. That’s not supposed to happen.*

When demand exceeds supply, the increase in price is supposed to stimulate increasing supply and
lower the price again. The opposite is what actually occurred, investment increasing and prices rising
faster. That produced a progression of successively more radical changes in global price relationships.

Continually increasing prices like these would naturally be expected to upset financial expectations and
add to what caused the financial collapse. Clearly such a price spiral also is a sign of profound
inelasticity in the global economic system as well.
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The exponential shape of the curve strongly suggests there was an emergent system of multiplying
feedbacks operating, of some sort, that a person would need to discover to know what was really
happening.  What is clear is that the limit of the system driving the run-away price spiral was the
global collapse. The list of linked physical/economic causes for it would surely be long, but the problem
is how to characterize them simply enough to make them comprehendible.

If this is a sign of fundamental diminishing returns on investing in the earth what you would expect to be
the cause are that food and fuel demand are both increasing and now competing for the same resources
for the first time, while those resources themselves are being degraded making the investments in them
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more costly. At the same time the total overhead cost for operating society, which | call SROI®, has also
been systematically increasing. My speculation is that the curves of increasing societal cost and
decreasing resource productivity’, or EROI, might have crossed, making the net productivity of the
system as a whole fall below its sustainability threshold. The emergence of a strain like that, on
resources for which there is inelastic demand, would be a natural ‘snag’ in adjusting supply and demand,
and seem quite adequate to explain the end of speculative increases in real estate prices, and become
the direct cause triggering the collapse of finance rather than just a contributing cause.

Surely there were a great many things going on at the same time. That’s one of the mysteries of
nature’s complexly well-organized systems. Systems that act as a whole are made of disconnected parts
that work together as if they had ‘ESP’.

One of the particular financial mechanisms that might have played a role is speculation. Speculative
investment funds moved out of real estate to look for something else with a natural mechanism to keep
pumping up the returns, in this case apparent physical scarcity relative to whole system necessities.

A movement from real estate to commodity speculation probably did create a surge of speculative
demand and an additional restraint on supply. The combination of the additional speculative demand
for raw commodities was an additional restraint on supply adding to the other strains that made the
unresponsive markets vulnerable to speculation in the first place. The flight of speculation from real-
estate would have also have further weakened the prices for real estate.

The tragedy of the commons is just that. Our rules don’t tell us where the breaking points of our rules
are, and even well lubricated markets have breaking points, and can give people faithfully following the
old rules that have ceased to apply the entirely wrong signal.

It is fairly clear that our centuries of economic growth are now also upsetting a great variety of other
environmental systems, and we don’t quite understand how or what to expect. The ancient rule
“nature always recovers” is now not holding up for us in a great many ways and in a great many places.

It seems to me that the time has come for us to reexamine the rules which we assume underlie our
economic system. Physical resources seem to have reached limits, driving up their physical cost for a
system built for readily available and inexpensive resources. If we don’t start noticing now, when will
we?

pfh www.synapse9.com

® P.F. Henshaw. 2009. “Simple System EROI”. Research note www.synapse9.com/issues/SimpleSysEROIl.pdf
’ Charles Hall et all. 2009. “What is the Minimum EROI that a Sustainable Society Must Have?” Energies
http://www.mdpi.com/1996-1073/2/1/25/pdf
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Figure 1. (enlarged)
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Figure 2. (enlarged)
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® As a note for generality, thermodynamics was originally defined only in terms of the energy equations
of controlled machines as a way to describe the limits of their being controlled. For systems for which
there may be no equations, but still use energy and need to satisfy the same kinds of limits, the
broadest way to look at the same subject is in terms of the natural limits to their learning curves. You
may not know why, but if as you buff your shoes the shine is not getting any brighter, that asymptote to
the improvement indicates the thermodynamic limit of the “elbow grease” being applied. If the
learning curve levels off too soon, it might save you a lot of effort or signal you to switch techniques
more quickly. The stages of any learning curve, once it starts, is first experiencing increasing returns for
the effort and then decreasing returns. In general there are signs of that point of reversal (the neutral
point on the curve) and the point of refusal near the end, long before they arrive. The following
general diagram of the start-up and shut-down phases of any learning process shows how changes of
direction tend to have leading signs of leading signs.
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b A March 23, 2009 paper from Brookings Inst. seems to directly confirm my view that the oil price spiral 2007-08
was due to diminishing resource response to oil investments. That implicates resource exhaustion as the trigger for
the speculative surge, as I've described, and its "material contribution" to the recession and financial collapse. It
doesn't make the further connection to he price spiral starting in 2003, or for why other commodity supplies
would each appear to stagnate at the same time. | suggest that for major resource to all meet limits at once is
natural for a stress equalizing market system.

James D. Hamilton 2009 Causes and Consequences of the Oil Shock of 2007-08 Brookings Papers Spring 2009
Conference Draft

http://www.brookings.edu/economics/bpea/~/media/Files/Programs/ES/BPEA/2009 spring bpea papers/2009 s
pring bpea hamilton.pdf

"This paper explores similarities and differences between the run-up of oil prices in 2007-08 and earlier oil
price shocks, looking at what caused the price increase and what effects it had on the economy. Whereas
historical oil price shocks were primarily caused by physical disruptions of supply, the price run-up of
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2007-08 was caused by strong demand confronting stagnating world production. Although the causes
were different, the consequences for the economy appear to have been very similar to those observed in
earlier episodes, with significant effects on overall consumption spending and purchases of domestic
automobiles in particular. In the absence of those declines, it is unlikely that we would have characterized
the period 2007:Q4 to 2008:Q3 as one of economic recession for the U.S. The experience of 2007-08
should thus be added to the list of recessions to which oil prices appear to have made a material
contribution."”

“ Some recent comments on the role of the commodity price spiral in causing the following collapse by leading
economists. They treat in largely financial terms, but seem consistent with my assertion that the commodity price
explosion is as a phenomenon highly influenced the financial collapse. They do not mention EROI, or other
physical system diminishing returns, or emerging competitive conflicts, but these would seem to amplify the
feedbacks they are mentioning.

Chairman Ben S. Bernanke, August 22, 2008, Reducing Systemic Risk. Speech At the Federal Reserve Bank of
Kansas City's Annual Economic Symposium, Jackson Hole, Wyoming:
http://www.federalreserve.gov/newsevents/speech/bernanke20080822a.htm

-- Intro: In choosing the topic for this year's symposium--maintaining stability in a changing financial
system--the Federal Reserve Bank of Kansas City staff is, once again, right on target. Although we have
seen improved functioning in some markets, the financial storm that reached gale force some weeks
before our last meeting here in Jackson Hole has not yet subsided, and its effects on the broader economy
are becoming apparent in the form of softening economic activity and rising unemployment. Add to this
mix a jump in inflation, in part the product of a global commodity boom, and the result has been one of
the most challenging economic and policy environments in memory.

R. J. Caballero, E. Farhi, P. Gourinchas. 2008 Financial “Whac-a-Mole”: Bubbles, Commodity Prices and Global
Imbalances. Brookings Papers on Economic Activity Fall 2008 Conference Draft
http://www.brookings.edu/economics/bpea/~/media/Files/Programs/ES/BPEA/2...

-- “This paper provides theoretical and empirical evidence to support the proposition that three of the
major global macroeconomic phenomena of recent years-—the persistent global imbalances, the subprime
crisis, and the volatile oil prices that followed it-- are tightly interconnected. They all stem from a global
environment where sound and liquid financial assets are in scarce supply.”

R. J. Caballero, E. Farhi, P. Gourinchas. 2008

Financial Crash, Commodity Prices, and Global Imbalances Brookings Papers on Economic Activity - 2008, 2, pp. 1-
55 Brookings Institution Press E-ISSN: 1533-4465 Print ISSN: 0007-2303 DOI: 10.1353/eca.0.0013
http://muse.jhu.edu/login?uri=/journals/brookings_papers_on_economic_act...

-- Abstract: The current financial crisis has its origins in global asset scarcity, which led to large capital
flows toward the United States and to the creation of asset bubbles that eventually burst. In its first phase
the crash exacerbated the shortage of assets in the world economy, which triggered a partial re-creation
of the bubble in commodities markets, and oil markets in particular. This bubble in turn led to an increase
in petrodollars seeking financial assets in the United States, which became a source of stability for the U.S.
external balance. The second phase of the crisis is more conventional and began to emerge in the summer
of 2008, when it became apparent that the financial crisis would permeate the real economy and sharply
slow global growth. This slowdown worked to reverse the tight commodity market conditions required for
a bubble to develop, ultimately destroying the commodity bubble.
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