


Systems can be managed but not controlled.	


Many relationships in systems are non-linear.  A!
non-linear relationship is one in which the cause does not!

produce a proportional effect.  These systems!
cannot be solved and cannot be added together.   !

There will always be limits to growth.  !
They can be self-imposed or system-imposed.!

When long delays occur in feedback loops,!
foresight is essential.!
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Systems often have the ability to structure!
themselves, to create new structure, to learn, to diversity!

and to complexify.!

Like resilience, self-organization is often sacrificed for short-!
term productivity and stability.!
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Subsystems are aggregated into larger subsystems, which!
are aggregated into still larger subsystems.!
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Heirarchies give a system stability and resilience.!
!
!

In heirarchical systems, relationships within each subsystem are!
 denser and stronger than relationships between subsystems.  !

!
Heirarchies evolve from the lowest level up, from the pieces to!

the whole.!
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Concepts important to understanding the driving !
forces behind the collapse of a community (system)!
!
a.  Human societies are problem-solving organizations.!
b.  Sociopolitical systems require energy for their!
           maintenance.!
c.  Increased complexity carries with it increased!
           costs per capita.!
d.  Investment in sociopolitical complexity as a!
           problem-solving response often reaches a point!
           of declining marginal returns.!



At B1/C1:  Marginal productivity has reached the point where!
it can no longer rise given the basic technology and energy!

resources available.  Beyond this point, for a while, benefits still rise in 
response to increasing complexity, but at a declining marginal rate.!

Between B2/C2 and B1/C3:  A critical region; the region of!
extreme vulnerability(e.g.,  from a major perturbation or stress) 

due to inadequate reserves.!
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sources! sinks!
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Reinforcing feedback loops are self-enhancing, leading to!
exponential growth or to runaway collapse over time.  They!

 occur whenever a stock has the capacity to reinforce !
or reproduce itself.!
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If the fertility and mortality rates are constant, then the!
population either grows or contracts exponentially,!
depending on which of the two rates is stronger.!
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This model might pertain to an!
oil company that has!

discovered a new oil field.!
Note the lack of an input!

to the resource stock.!

In this case, the yield per!
unit capital is not constant.!

As this non-renewable!
resource is depleted, the more!

it costs to extract it.!

Letʼs assume a 5%!
annual growth in business!

capital and a 20-year!
depreciation of capital.!
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The extraction rate peaks at!
 ~40 y because of the effect!

of exponential growth.!

Annual investment rate = 10%.!
!

Annual capital stock and extraction !
rates are each 5%, and both double !

in the first 14 years.!
  !

After 28 years, the capital stock!
has quadrupled and extraction!
lags. By year 50, maintaining !

capital stock overwhelms!
income from extraction, and the !

operation shuts down.!
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This model might!
pertain to a company !

developing a renewable!
resource.  Note the !

presence of an input!
to the resource stock.!

Meadows, Thinking in Systems, 2008!



Meadows, Thinking in Systems, 2008!



Meadows, Thinking in Systems, 2008!



Meadows, Thinking in Systems, 2008!



1.  Non-linear behavior!

3.  Non-existent boundaries (“clouds”)!

2.  Ubiquitous delays!
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2. Strengthen balancing feedback loops!

3. Control reinforcing feedback loops!

1. Manage delays!

4. Insure optimal information flow!

5. Awareness of who makes the rules!
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