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How I got into
Systems Thinking
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I Wanted to Understand
Organizational Behavior
• I came to realize:
Insanity in individuals is something rare –
but in groups, parties, nations and epochs,
it is the rule.
Friedrich Nietzsche (1844 - 1900)
• Why is this? Systems thinking explains.

Groups have what I call "Group Multiple Personality Disorder" and really are
therefore insane. http://www.exponentialimprovement.com/cms/facilitation.shtml
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It Seems Overwhelming
What We
Don't Know

"There has been
an alarming increase
in the number of things
I know nothing about."
Ashley Brilliant

What We
Know

Edge of Awareness of
What We Don't Know
What I learned from M. Scott Peck, The Road Less Traveled, 1978, p. 137

As what we know expands into more areas, we become more aware of many more
things we don't know.
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Discovering Systems Thinking
• I did a lot of reading …
• Starting with The Fifth Discipline by Peter Senge
• Systems Thinking in Action Conferences
Power of Systems Thinking Conferences
Worked through iThink modeling manuals
Course in system dynamics modeling
• The problem: systems are dynamically complex
• "Dynamic complexity" is when we have
multiple feedback loops & long delays.
• Systems thinking & system dynamics models are
needed theories of the system … BUT …
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How to Make Them Practical?

What we need to do is not just understand structure, but also understand how to
use this understanding in a practical way.
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The Problem:
Practical Systems Thinking
• Practical approaches:
– Facilitating Group Action
– Exponential Improvement
– Create Strategic Focus
– Causal Loops to Action
• It's all about understanding
and using feedback in the system.

These are the foundational approaches to making systems thinking practical.
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The Wheel of Learning for
Facilitating Group Action
About the
problem

About the
solution
About
doing

About
understanding

One group I worked with could not make decisions because at no time was
everyone in the group at the meeting. They wanted a consensus making sure no
one in the group objected. Turned out they had not one person whose primary style
was "Deciding". We created a process by which they could make decisions even
with persons missing.
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The Wheel of Learning is Pervasive:
Different Implementations
Wheel of Learning (after Kolb)
Applies
In the
real
world/
More
concrete

In
theory/
More
abstract

•
•
•

Air Force
Tactics
OODA (Boyd)

Shewhart Cycle,
Deming PDCA

Facilitation Diagnosis –
Intervention Cycle

Individual

Collective

Do/Act

Do

Coordinated
Action

Act

Check

4. Describe observations
5. Test inferences
6. Help group decide
whether & how to
change behavior
1. Observe behavior

Reflect

Observe

Plan

2. Infer meaning

Connect

3. Decide on intervention
(whether & how)

Decide

Public
Reflection
Shared
Meaning
Joint
Planning

Orient
Decide

Circle Chart
for
Generating
Options
Action Ideas

Define the
Problem
Diagnose
Develop
Approaches

Facilitation Diagnosis: Roger Schwarz, The Skilled Facilitator,
Jossey-Bass, 1994, p. 68.
Wheel of Learning: Peter M. Senge, Art Kleiner, Charlotte Roberts, Richard B.
Ross, and Bryan J. Smith, The Fifth Discipline Fieldbook, 1994, p. 60.
Circle Chart: Roger Fisher and Peter Ury, Getting to Yes, 1981, p. 70.

Learning requires feedback, so it should be no surprise this process shows up in
many incarnations.
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Determine
Problems, Causes, Actions
Process Phases
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Actions
decide
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evaluate
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This is the Facilitating Group Action process.
Determine top 3 problems, top 3 causes for each problem, and top 3 actions for
each cause.
Generate using nominal group technique
Evaluate using inquiry & advocacy
Decide using proportional voting
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Exponential Improvement

S

change in
performance

current
performance

S

Exponential
Improvement

performance
target
(theoretical)
O

address root
causes of
problems

S

performance
gap
S
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For Improvement: Pareto Problems,
Monitor Progress, Measure Half-Life
Pareto Diagram: Part Problem Count by Category
10
9

Pr oblem Count

8

P art P roblem C ount

Current Requirement
(time, cost, etc.)
Halve this Value
Every "X" Months

7
6
5
4
3
2
1
0

Function/Timing

Test P gm

D esign

N oise

A pplic's E ng

Theoretical Minimum
Requirement
0

Pr oblem C ategory

Track problems, categorize, and Pareto
Whatever we choose to measure can be halved every half-life.
Semi-log plots show exponential behavior and make it easy to measure the half-life
Organizational complexity is more challenging than technical complexity … those
humans, you know ☺
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Create Strategic Focus:
The Balanced Scorecard is a feedback process
Financial
Perspective
Customer
Value
Perspective

Internal
Process
Perspective

(revenue, cos t
of operations)

Financial
Performance

Customer
Value (product, image,
relationship by
segment)

(business innovation,
business operations,
post-sale)

Serve
Customers

(reinforcing
strategy)

Investment

R

Invest in Internal
Processes

R
Capabilities
Perspective

Invest in
Capabilities &
(people c apabilities,
Motivation support technology,People & IT
empowerment)
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Little Did I Realize
What Was Happening
Beginning in 2001 … as of June 2010 in Colorado Springs:
Mfg jobs down 53.6%

IT jobs down 53.8%

The organizations on which I'd hoped to focus were downsizing like crazy and did
not need help to make themselves more efficient and effective. 
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So I thought: “I’ll figure out something really
important!” - Problems with Urban Growth

Yes, I know … it’s horrible
"Not easily accepted"
is an understatement!

Many people recoil in horror when they see this causal loop diagram. It's even more
complicated than it looks because each rectangular box has more causal loop
structure inside.
Even though this thoroughly explains the dynamics related to urban growth that we
are experiencing (infrastructure backlogs, traffic congestion, loss of farmland,
declining quality of life), it's so complicated that it's very difficult to get people to
want to understand.

16

What the … ???

Though many people have never encountered causal loop or stock & flow diagrams,
that doesn't mean they're not natural.
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Systems Thinking Overview:
concepts & language
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What is Systems Thinking?
• Systems thinking:
Seeking to understand behavior by examining
the whole instead of the parts.
• The “whole” really is
“greater than the sum of the parts”
• It’s not that we don’t look at the parts …
• It’s that we also look at the whole to see how the
system itself is creating observed behaviors.
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Complex Systems
Have Emergent Properties
• emergent properties:
properties of the
whole that are
not properties
of the parts.
• But an unusual
approach raises
concerns:

It’s not that we don’t look at the parts; it’s that we seed to understand what’s
happening by looking at the whole. Systems have emergent properties, which
means that if the behavior is due to an emergent property, then there’s no chance of
understanding what’s happening by analyzing the parts.
Examples of emergent properties: One can't cut an elephant in half and get two
elephants. Likewise, our minds aren't a property of the individual neurons in our
brains; they're a manifestation of the interactions among them. What makes you
"you" is an emergent property of the parts of you. Water is wet is not a property of
either hydrogen, nor oxygen. The tragedy of the commons and an exponentiallyincreasing trade deficit are examples of emergent behaviors.
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Behavior Influenced by Systems
• Jay Forrester observed that we're more influenced
by the systems around us than we'd ever believe.
• Individuals are members of … and influenced by:
–
–
–
–
–
–
–

Nations
Economies
Communities
Organizations (groupthink)
Mobs
Military units
Families

• These "wholes" do not behave the same as the
individuals within them.

Groupthink in organizations is "Go along to get along." Individuals act in mobs in
ways they do not act as individuals.
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“Either-Or” vs. “Both-And”
• Systems thinking:
•
•
•
•
•

"both-and" thinking
not "either-or" thinking.
"Either-or" thinking is a logical fallacy:
the false dilemma.
"Balancing" between extremes is a
very difficult discipline.
A "fundamental source of conflict":
the individual vs. the collective.
Are we "individuals" or "parts of collectives"?
BOTH!
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Systems Thinking
isn't risky because:

But this is risky ...

• It's based on
principles
fundamental
to the
nature of reality.
• It's ecological.
• It's about feedback
loops with delays.
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A Bell
• Why does a bell ring?
• Talk with a partner for a minute …
• A bell rings because it’s a bell … its
behavior is determined by its structure.
• A bell is a structure just waiting to ring.

Hit a table and it does not "ring like a bell" … it's not a bell.
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What’s the Problem?
• Problems
• Messes
• Wicked Messes
• How do you deal with them?
• Problems … relatively easy
• Messes … systems thinking
• Wicked Messes … political action,
guided by systems thinking

Problem: 2 + 2 = 4
Messes: problems so interrelated that you cannot do just one thing … everything
seems to effect everything else.
Wicked Messes: Messes with inequalities of political and economic power seem to
be intractable. Addressed often by violence and war.
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System as Cause
& System Leverage
Leverage to Influence

EVENTS

Low

PATTERNS
OF EVENTS

SYSTEM
STRUCTURE

MENTAL
MODELS
High

Our human mental models (beliefs) are part of the system and, along with structure,
determine system behavior. We have high leverage to influence behavior at the
structural level, but little, if any, reacting to events.
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Intelligent Policy Design

An Example of
Structure

understand
structure

understand
behavior

design
policy

These Vikings can have the best-defined Values, Mission, and Vision, but they
won’t understand what’s happening until they turn around and look at the structure
of the system.
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The Languages of
Systems Thinking
• Causal loop diagrams
There are two kinds of loops:
– Reinforcing
– Balancing
• Stock & flow diagrams
Reality has two kinds of variables:
– Stocks (e.g., the water in a lake)
– Flows (e.g., the flows into & out of a lake)
• Nature does integral calculus!
• "Nature laughs at the difficulties of integration."
Pierre-Simon de Laplace

Reinforcing like the squeal of microphone feedback.
Balancing like a thermostat and furnace/AC maintaining constant temperature in a
room.
An example of how we function every day using feedback: when filling a glass, we
pour water into the glass observing the level. When it reaches the desired level, we
turn off the tap. We observe stocks and regulate flows to reach desired levels.
Touching our nose: the stock is the distance from our finger to our nose, the flow is
the rate of change of the distance between them. When we reach the desired "level"
(touching our nose), we stop … and usually slow as we approach so we don't get a
bloody nose. ☺
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What Causes What?
S

Self
Confidence

R1

S

Athletic or
Academic
Performance

S = change in the
“Same” direction

This is a Reinforcing Loop

… like the squeal of a microphone
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Language Example: A Popular Restaurant
o

"That place is too popular.
o
Nobody goes there
anymore."
Yogi Berra

Length
of Line
S

Customer
Traffic

S

S

B1
Nobody
Goes There
Anymore

Perceived
Service
Quality

S

Expected
Wait Time

Wait
Time

O

S

Service
Quality

o

S = same
direction
O = opposite
direction
o

This is a Balancing Loop
… like the action of a thermostat with a furnace to heat a room and stabilize room temperature.
S influence: Same direction
more of a variable gives more of the influenced variable
less of a variable gives less of the influenced variable
O influence: Opposite direction
more of a variable gives less of the influenced variable
less of a variable gives more of the influenced variable
Systems thinking causal loop diagrams tell stories, like this one.
Compared to the number of people who have been there, “nobody goes there anymore.”
The “expected wait time” is the counterpart of the thermostat setting. Example: Otis Elevator found
that many people were unsatisfied with the wait times for elevators to arrive. They installed mirrors at
the elevator entrances, which helped increase “expected wait time” … people were less in a hurry
when they had an opportunity to look at themselves while waiting. Clever, eh?
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Feedback is Everywhere

It's like the air we breathe, everywhere. We take it for granted and most often don't
even take explicit notice of it.
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Long-lived Systems
• In long-lived systems are there more
reinforcing or balancing feedback loops?
• Talk with a partner for a minute …
• There are more balancing loops ... WHY?
• We'd better understand system structure
(feedback loops & delays)
… or change initiatives will fail.

These balancing loops are exactly why a long-lived system is long-lived. The
balancing loops keep it stable.
When we try to change the system, these balancing loops “rise up” and say, “No
you don’t.”
This is true even when we want to make a desirable change. We'd better
understand these feedback or change initiatives will fail … as they so often do. 
That’s why change is so difficult.
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Stock & Flow Model Example:
Computer Aging Main Chain
life to
become
old

new staff
add rate
S

S

rate of S
purchasing
computers

New
Computer
Inventory

S

O

cascading
computers

Old
Computer
Inventory

O

S

computers
becoming
obsolete
or failing
O
life
as
old

Behind every Causal Loop Model is
a more fundamental S&F model

This S&F diagram shows computers coming in, aging, becoming obsolete and being
replaced … from an engagement at Colorado College.
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Applying Systems Thinking to
Economic Development
Using a simple
Stock & Flow model
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Economic Development Arithmetic

If Total $ In - Total $ Out =
Positive = Growing Economy
Neutral = Stable Economy
Negative = Declining Economy

Based on a slide shown by Rocky Scott, former President of the Economic
Development Corporation.
See: “Economic Development: What to do locally?”
http://www.exponentialimprovement.com/cms/econdevlocal.shtml
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When an economy is failing,
what do you do?

Foster Export Companies: Increase Net $ Inflow
Foster Buy Local: Recirculate $ to Reduce $ Outflow
Don’t Foster Import Companies: Reduce Net $ Outflow

This is arithmetic, NOT rocket science

This means fostering manufacturing and not subsidizing "big box" stores as we
have at University Village on N Nevada.
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Why a presentation to
Freethinkers?
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Jay Forrester asks:
• Do you use models in your work?
• Answer: "Yes, you do."
• Thinking shortcuts called
Mental Models, which are often
not just wrong, but very wrong. 
• He says:
"All models are wrong. Some are useful." ☺
• Systems thinking models: wrong, too, but useful.
• How to make practical use of models?
• The scientific method:
Theory - Observation - Change Theory - Observation …

It’s vital that we surface and examine mental models … and expose the differences
between individual’s mental models.
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Why Present on this to Freethinkers?
• Because our thinking
… about religion,
the “free market”, or
anything else, is
based on models,
• most of the time,
mental models.
• Everyone Has
Mental Models!

For the most part we're not consciously aware of them, but they're there. They are
unthinking, "thinking shortcuts".
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Theory
• Causal Loop Models and
System Dynamics Models are Theories
• There’s nothing so practical as a good
theory.
Kurt Lewin
• "No theory, no learning.“
W. Edwards Deming
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How We See Reality
• This & the next 3 slides contain excerpts from
All models are wrong: reflections on becoming a
systems scientist by John D. Sterman, Jay Wright
Forrester Prize Lecture, 2002, System Dynamics
Review, Volume 18, Number 4 Winter 2002
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All decisions are based on models
. . . and all models are wrong
• … we stress that human perception and knowledge
are limited, that we operate from the basis of mental
models, that we can never place our mental models
on a solid foundation of Truth because a model is a
simplification, an abstraction, a selection, because
our models are inevitably incomplete, incorrect -wrong.
• Recognizing the limitations of our knowledge, the
"inevitable a priori" assumptions at the root of
everything we think we know, is deeply threatening.
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All decisions are based on models
. . . and all models are wrong (cont’d)
• It's one thing to point out that someone else's
opinions are 'just a model' -- it's quite something
else to recognize the limitations of our own beliefs.
• And how are we to make decisions if all models are
wrong? The concept that … there is no ultimate,
absolute foundation for our beliefs, is so deeply
counterintuitive, so threatening, that most people
reject it as "obviously false" or become so dizzy with
doubt that they run screaming as fast as they can to
someone who claims to offer the Truth.
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All decisions are based on models
. . . and all models are wrong (cont’d)
• Much of the misery people inflict on others
arises from the arrogant belief that only we know
the True Path, and the resulting intolerance and
fear of any who profess beliefs different than
ours.
• Fundamentalism, whether religious or secular,
whether the unquestioning belief in an allpowerful deity, the all-powerful state or the allpowerful free market, breeds persecution, hatred
and war.
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Frank Changes
a Mental Model

Gary Larson is a genius at exposing our mental models.
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We Take Cognitive Shortcuts
• Hijacking the Brain Circuits With a Nickel Slot
Machine By SANDRA BLAKESLEE 2/19/02
• ... in a finding that astonishes many people, they
found that the brain systems that detect and
evaluate … rewards generally operate outside of
conscious awareness.
• In navigating the world and deciding what is
rewarding, humans are closer to zombies
than sentient beings much of the time.

Pre-programmed machines.
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Perspectives are deeply buried

And often very difficult to change

Hagar's anticipation is obvious … but incorrect. ☺
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The Structure of
The "Invisible Hand"
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The “Invisible Hand” Feedback
Structure of Markets
Price of
Substitutes

Demand
S

Demand
Loop
B1

S
Relative
Value
O

S
Price
O

Supply
Loop

S
Profits

B2

O

Cost of
Production

S

• Sterman: These two
negative feedback loops
cause price to adjust
• … until, in the absence of
further external shocks,
the market reaches
equilibrium,
• with production equal to
consumption and price
equal to its natural level.

Supply

Figure 5-26 of Business Dynamics
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Adam Smith’s Most Cited Passage
• “Every individual endeavors to employ his capital so that
its produce may be of greatest value.
• He generally neither intends to promote the pubic
interest, not knows how much he is promoting it.
• He intends only his own security, only his own gain.
• And he is in this led by an invisible hand to promote an
end which was no part of his intention.
• By pursuing his own interest he frequently
promotes that of society more effectually
than when he really intends to promote it.”
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Irony
• So "good for society" results can come from
"self-interested behavior".
• This "unintended societal benefit" is an emergent
property ... the result of the whole (the collective)
being greater than the sum of its parts.
• The irony: "free market" fundamentalists deny the
existence of a collective ... there are only individuals.
• Yet, the core tenet of "free market" ideology depends
on just such an emergent property of the collective.
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Using Systems Thinking is
Getting in Touch with the Nature of Reality

Those who believe the "invisible hand" is all there is to it, are out of touch with
reality …
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And,
there’s more to
the story
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Not all markets clear
through price alone
Product
Availability

Service
Quality

• Few products are
commodities for
which price is the
only consideration:
• Companies also
compete based on
–
–
–
–
–
–
–
–

product quality
product availability
service quality
delivery reliability
functionality
terms of payment
aftermarket support
etc.

These two diagrams shows "product availability" and "service quality" as the
intermediating factors that balance supply and demand.
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A Critical Structure to Understand:

The Attractiveness Principle
invest in
"Value
service
capacity
S
B7
service Service
Proposition"
O
capacity
Service
Quality
Burden

S
costs
S

demand
generating
S
activity
Net Revenue
R1
(funds available
to generate
O
Demand
demand)
S Generation
S
price

B8
Product
Quality
Burden

On website, see
"Create Strategic Focus"

S

Focus

S

service
demand
S
S
customer S
demand

B2

B5

O service
quality

Service Quality
Erosion

service
quality
standard

S

Overall
Product/Service O
Attractiveness
Product Quality
S
Erosion
product
S
development
product
B3
quality
product
quality
standard
O
B6
demand
S
product Product
O
development Focus
B4
S
Scarcity
capability invest in product
Premium
S
development
capability

We know that no business can be all things to all people. We must focus on some
value proposition combination of price, service, and quality. We cannot have all 3 at
once.
We can be McDonalds with lower quality food, Outback with long lines, or the
Broadmoor with high prices.
See Making Strategic Choices at
http://www.exponentialimprovement.com/cms/strategicfocus.shtml
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It’s a Reality Fact of Life:
"There is no utopia in social systems."
• No restaurant can be all things to all people.
• Can’t have all at once:
lowest price, best quality, best service
• The same is true for regions of the country
• A corollary: Given free migration, no place can
long remain more attractive than any other place
• We must think in terms of how we'll become
unattractive … "strategic unattractiveness"
• It’s a "Gilda Radnor world" …

This same principle applies to regions.
No region can be all things to all people.
We must determine what we’re willing to give up to save what we most value in the
region.
We need to practice strategic unattractiveness.
Described at Economic Development: What to do locally?
http://www.exponentialimprovement.com/cms/econdevlocal.shtml
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That’s Why We Sometimes Feel:

Systems have “minds of their own” in that structure determines behavior … unless
we change structure, we’re helpless to modify behavior over the long run.
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Interfering Structures & Effects
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Unfortunately, we can also get the opposite
of "good for society" results from
"self-interested behavior"
• Individually-logical actions can be collectively irrational.
• They can lead to
– Price instability & speculative bubbles
– Inadequate investment in heath & education
– Pollution
– A failing heath insurance system
– Depressed wages
– Extremes of wealth and poverty
– Enormous trade deficits that subtract from GDP
– Infrastructure backlogs.

We are experiencing all of these. Why can be explained using systems thinking to
describe the structures that produce these behaviors.
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Interfering Structures & Effects
that Affect Market Operation
•
•
•
•
•
•

Externalities: Negative & Positive
Game Theory: related to Sports Teams/Stadia & the "Labor Market"
Adverse Selection
Net Present Value investment calculations
Path Dependence
Fallacy of Composition
–
–
–
–

Farming (with inelasticities & long delays)
"Free Trade"
Escalation
"Tragedy of the Commons"

• Speculative Bubbles
• "Long Wave" dynamics
• Fallacy of Composition (e.g., Escalation, Tragedy of the Commons,
& the dynamics of "free trade")
• Delays: Growth to Oscillation to Overshoot & Collapse

This a partial list of structures that affect the operation of the "invisible hand".
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The world is complex, but it’s not my fault …

In physics classes I often thought I understood the material … until I encountered
the dreaded story problem.
Causal loop diagrams are stories … often complex stories.
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Nevertheless, I Stand Accused

Thinking though systems thinking structures can seem like torture.
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But it's really not all that bad …

… once immersed in them.
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Externalities
Negative
&
Positive
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Negative externalities
Price of
Substitutes

Demand
S

Demand
Loop

S
Relative
Value

B1

O

Burden on
Public

S
Price

S

O

Supply
Loop

S

Negative
Externalities

Profits

B2

O
O
Cost of
Production

S

•
•
•
•
•

Pollution: sickness/death
Product injury/death
Worker injury/death
Pharmaceutical deaths
Urban Growth:
Infrastructure backlogs
potholes, traffic jams,
traffic deaths
• Global warming
& climate change

Supply

Example: thermal print
wafer deposition process

Example: One of my first jobs was to improve a thermal print wafer deposition
process to produce greater print dot resistor uniformity. The process sprayed
antimony and tin chlorides in hydrochloric acid onto a 300 deg C print wafer
substrate. The fumes were initially vented out the back of the building at
approximately eye level (this was from before I was employed there). People
encountering the highly toxic fumes complained so they raised the exhaust stack so
the fumes were higher than the roof. I was told that the company was the largest
user of antimony in the world. When I started working on the process, I went outside
and noticed all the metal gutters were totally eroded by the acid. When I pointed this
out, what do you think they did? Yes, they raised the stack again. As part of
improving the process, I reduced the amount of material used and installed
scrubbers, but this was *not* a part of my mandate.
Companies "love" negative externalities because they decrease costs and increase
profits.
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Positive externalities
• Associated with
"Prisoner's Dilemma"
• Associated with
"Free riding"
– Vaccinations
– Taxes
– Union dues

• Education
• Health Care
Example: workforce training

Price of
Substitutes

Benefit to
Public

Demand
S

Demand
Loop
B1

S
Relative
Value

S

O

S

Positive
Externalities

Price
O

O
Ability to
Capture
Profits

Cost of
Production

Supply
Loop

S
Profits
SO

B2
S
Supply

Example: In a workforce meeting about a decade ago, a manufacturer complained
that when they trained employees on their process, they'd go across the street for
an extra $0.25 an hour. Companies hate positive externalities, such as training, for
this reason … they cannot fully capture the returns because other companies
benefit from their expenditures.
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Other Interfering Structures & Effects
-- Let’s Decide Priority to Review -Game Theory applied to

2 + (8 + 2) = 12 min

1. Sports Teams, 2. the "Labor Market" & Urban Growth

3. Adverse Selection - Health Insurance 3 min
4. Net Present Value investment calculations 3 min
5. Path Dependence 3 min
- Monopoly, Economic Clusters, Wealth Disparity

Fallacy of Composition
6. Farming (with inelasticities & long delays) 3 min
7. "Free Trade" - dynamics driving offshoring 3 min
8. Escalation - price wars, arms race 2 min
9. "Tragedy of the Commons" - ocean fishing 4 min
10. Speculative Bubbles - stocks, real estate 3 min
11. Economic "Long Wave" dynamics
2 min

We used the Facilitating Group Action process so the group could rank these topics.
I gave a brief description of each and each person had 6 votes to distribute among
the 11 topics, as many of their 6 votes to a topic as they'd like. It took about 10
minutes.
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Group Decision-Making
• Briefly describe topics
• Advocacy - advocate for topic(s)
• Distribute votes
- 6 votes to distribute among 12 topics
- as many as you'd like of the 6 to a topic
• Tabulate votes
• Note topic priority according to the
number of votes
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Game Theory
Sports Teams
&
"Labor Market"
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Sports Teams
& Stadia
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Game Theory - Sports Teams - Stadia
• Co-opetition by Brandenburger and Nalebuff, on
applications of game theory to business strategy in the
section on Game Theory, pp. 40 - 44.
• Sacking the Cities example:
10 Cities
9 Teams
• When there are fewer sports teams than cities wanting
teams, what is the added value of the extra city?
• Zero!!!
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Game Theory (cont'd)
• Game theory explains that
the added value of any city is zero.
• Why?
• Owners can say to each city:
• "One city will be without a team,
do you want that to be yours?"
• "If not, build a stadium for us." Heavily financed by public
money … all in the name of "economic development".
• Only way to overcome this: All cities negotiate together.
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"Labor Market"
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Employment & Population Growth

Jobs haven't come close to keeping up with population growth.
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Unemployment Rate

The green line takes into account those government categorizes as "Not in labor
force, but Persons who currently want a job."
The black line takes into account the number of jobs that would be needed to keep
up with population growth.
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Bureau of Labor Statistics: Measures of Unemployment
Table A-12. Alternative measures of labor underutilization
• U-3. Official unemployment rate
• U-4. Adds "discouraged" workers
• U-5. Adding other "marginally attached"
• U-6. Adding "part time for economic reasons"
-- they want, but can't find, a full time job
• U-6 + Want Job Now. Adding also those government considers
"Not in labor force, but Persons who currently want a job."
[Orwellian: many people who say they want a job now,
aren't considered part of the labor force.]
• U-6 + Want Job Now + Needed to Keep Up w/Pop Growth.
Adding also the number of jobs that would be needed to keep up
with population growth.
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"Persons not in the labor force", 1999 annual averages
Not in the labor force, Want a
job: persons outside the labor
force reported to currently
want a job -- those who are
neither working nor actively
looking for work.
Marginally attached: available
for work and had searched for
a job sometime in the year
preceding the survey, but
were not currently looking.
Discouraged: haven't
searched for a year or more
Not in labor force, Persons
who currently want a job: have
not searched in prior year or
have searched but not
available.
"Looking" means having sent
a letter or made a phone call.
From the Bureau of Labor Statistics
Labor Supply in a Tight Labor Market
(Summary 00-13 June 2000)

See the paper at the link for a more.
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Why is Unemployment So High?
Offshoring?

• Some blame offshoring,
which is responsible for the loss of specific kinds of jobs.
• As of Jun 2010 Colorado Springs has lost
over 54% of its Mfg & IT jobs since Jan01
• But offshoring does not determine
overall employment & unemployment.

78

So Why is Unemployment So High?
What Determines Employment?
• From the Harvard University course website for
Economics 1420, American Economic Policy:
• Trade is not about creating jobs.
• In trade debates, you hear supporters of free trade claim
it will increase aggregate employment and opponents
saying it will cost jobs. BOTH ARE WRONG.
• Employment depends on the overall
macroeconomic environment.
• It depends
– in the short run on aggregate demand
– in the long run on the NAIRU.
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The Federal Reserve's NAIRU Theory
(Non-Accelerating Inflation Rate of Unemployment)
• When, in the Fed's view,
unemployment gets too low
compared to its NAIRU target
(or employment "too high"),
• it raises interest rates and/or
restricts the money supply to
slow the economy to prevent a
"wage-price spiral".
• This weakens the economy,
reducing economic activity.
• The result:
fewer jobs, less demand,
downward pressure on prices,
and restrained inflation.
• Done no matter what the cause
of inflation, like oil prices.

The NAIRU Theory
And Approximate Form
of the Phillips Curve

~NAIRU
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Testimony of Chairman Alan Greenspan
Before the Committee on Banking, Housing, and Urban
Affairs, U.S. Senate February 26, 1997
• … restraint on compensation increases has been evident
for a few years now and appears to be mainly the
consequence of greater worker insecurity.
• In 1991, at the bottom of the recession, a survey of
workers at large firms by International Survey Research
Corporation indicated that 25% feared being laid off.
• In 1996, despite the sharply lower unemployment rate
and the tighter labor market, the same survey
organization found that 46% were fearful of a job layoff.
...
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Testimony of Chairman Alan Greenspan
Before the Committee on Banking, Housing, and Urban
Affairs, U.S. Senate February 26, 1997 (cont'd)
• … If heightened job insecurity is the most significant
explanation of the break with the past in recent years,
then it is important to recognize that ... suppressed wage
cost growth as a consequence of job insecurity can be
carried only so far.
• At some point, the tradeoff of subdued wage growth for
job security has to come to an end.
• In other words, the relatively modest wage gains we
have experienced are a temporary rather than a lasting
phenomenon because there is a limit to the value of
additional job security people are willing to acquire in
exchange for lesser increases in living standards.
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Testimony of Chairman Alan Greenspan
Before the Committee on Banking, Housing, and Urban
Affairs, U.S. Senate February 26, 1997 (cont'd)
• … recent evidence suggests that the labor markets bear
especially careful watching for signs that the return to
more normal patterns may be in process.
• The Bureau of Labor Statistics reports that people were
somewhat more willing to quit their jobs to seek other
employment in January than previously.
• Given the lags with which monetary policy affects the
economy, however, we cannot rule out a situation in
which a preemptive policy tightening may become
appropriate before any sign of actual higher inflation
becomes evident.
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The NAIRU Reality
as Opposed to Theory
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The Same Game Theory Dynamic
Applies to People and Jobs
• Even the U-6 measure of unemployment has been 10% or
over for most of the last decade
• Real unemployment is even higher considering those U-6
does not take into account.

10 People
9 Jobs
• When there are fewer jobs than people wanting and needing
jobs, what is the added value of the extra person? Zero!!!
• This is why wages at the bottom fall to between zero and
subsistence level. Companies still must pay enough that
people can eat & get to work.

… and they don't need to pay for health insurance because there's always someone
else needing work to take the job.
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Game Theory Applied to Jobs
• U.S. unemployment is well over 10%
• Employers can say:
"Some people are going to be without a job,
so take the job at this wage or someone else will."
• Wages at the bottom fall somewhere between
zero & subsistence level.
• This is why there's a minimum wage.
• Some say that a minimum wage is an
interference in the "free market" for labor,
• but they ignore the Federal Reserve’s prior interference.
• There is no "free market" for labor.
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Many Policies Have Very Effectively Exerted
Downward Pressure on Wages
•
•
•

•
•
•
•

•
•
•
•

Taxes on capital gains and dividends at 15%, but a top income tax rate at 35%; this penalizes returns
from working for a wage compared to returns from investment and speculation.
Tax deductions that are worth more for higher incomes and worth little to nothing for those of low and
modest income.
Social Security taxes on every wage dollar earned, starting with the very first dollar (no deduction) and
then having that money spent to provide tax cuts for the wealthy. See David Cay Johnston on tax cuts for
the very, very wealthy were paid for by increasing Social Security taxes: "How the 2003 Bush Tax Cuts
were paid for."
Reagan increased the SS tax by 77 percent to, ostensibly, finance not only current retirees, but also pay
in advance for future retirements. They planned for the baby boom ... or at least said they were doing so.
Tax breaks that let corporations largely avoid U.S. taxes.
National policy by the Federal Reserve that assures more people than jobs to depress wages
... note the Fed is a private corporation owned and run by banks, not government.
Offshoring of jobs (low-wage, low-tech, & high-tech) that put Americans in competition with extremely
low-wage & slave labor, which drives down wages at the bottom, but provides obscene rewards to the
executives that destroy (rather than create) jobs.
Higher "fees" for many public services that disproportionately affect those with lower incomes.
Higher local and state sales taxes that also disproportionately affect those with lower incomes.
Businesses that benefit from growth subsidies that redistribute growth-industry costs-of-doing-business
onto the public at large. See Colorado Springs: A Broken Region and The Growth Trap.
The inevitable and natural "path dependence" dynamic that drives the "rich get richer & the poor get
poorer" dynamic.

Here are some of the policies that depress wages.
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Had Compensation kept pace with Productivity,
it would have been 68% higher in 2004
Productivity

Compensation

This chart illustrates what Paul Krugman wrote in his 9/1/06 column, “The Big
Disconnect,” about how “real wages - wages adjusted for inflation - … have been
declining since the 1970's.” Note productivity has continued to increase, but
compensation has not. That’s because those hours of offshored work that go into
products produced largely offshore and sent back to the U.S. for sale aren’t counted
in standard productivity measures.
An approximate calculation (370 - 220) / 220 gives a 68% stagnation in
compensation compared to what it would have been if compensation had continued
to track productivity ... as it had before the 1980s when Ronald Reagan began the
Republican war against those who work for a wage.
Chart found at The Rise of the Super-Rich By TERESA TRITCH, Talking Points,
July 19, 2006
http://select.nytimes.com/2006/07/19/opinion/19talkingpoints.html
Analysis by Jared Bernstein of U.S. Bureau of Labor Statistics and U.S. Bureau of
Economic Analysis data.
Compensation of the bottom 80 percent of the U.S. workforce has lagged
productivity since the mid-1970’s.
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Inflation is Vastly Understated
(from John Williams' Shadow Government Statistics)

This shows that applying the official CPI, earning are up slightly from 1980 (in
constant 1982 dollars) to 2009 from $275 to $280 ... that's essentially FLAT as
shown on the previous slide. Deflating earnings using Williams' SGS-Alternate CPI
(i.e., doing calculations the way they were done before 1980), Real Average Weekly
Earnings are down from $275 to $90.
What?!!! Down 67%! No wonder people are hurting. This is truly incredible. But
instead of blaming the real culprits, propaganda has turned many against teachers
and their unions, the one factor that has been even slightly effective in retarding the
decline in wages. Who knew they were so powerful?
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Question:
Does Urban Growth
Reduce Unemployment?
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Unemployment vs. MSA Growth Rate
Unemployment in 00 vs. Growth Rate for MSAs 99-00
Unemployment rate

Linear (Unemployment rate)

Needs ~10%
growth/year for
a 1% reduction
in unemployment

11.0
10.0

Unemployment (%)

9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0%

y = -8.6783x + 4.4822
2.0%

4.0%

6.0%

8.0%

10.0%

12.0%

14.0%

16.0%

18.0%

20.0%

Growth Rate in % (based on change in total personal income)

This would be an unsustainable growth rate to even reduce unemployment by 1%.
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How does growth affect the "change" in unemployment?
Here's comparing the change from 1998 to 1999

Essentially flat. Increased growth does not result in a reduction in unemployment
one year later.
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Here's comparing the change from 1999 to 2000
Change in Unemployment 99-00 vs. Growth Rate for MSAs 99-00
Unemp rate change

Linear (Unemp rate change)

Change in Unemployment Rate (%)

4
3
2
1
0
-1
-2
y = -1.8557x + 0.0075
-3
-5.0%

0.0%

5.0%

10.0%

15.0%

20.0%

Growth Rate in % (based on change in total personal income)

Another example
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Maybe improvement is a year later?
Here's comparing growth from 1999 to 2000
with unemployment change 2000 to 2001
Change in Unemployment 00-01 vs. Growth Rate for MSAs 99-00
Unemp rate change

Linear (Unemp rate change)

Change in Unemployment Rate (%)

3.5
3
2.5
2
1.5
1
0.5
0
-0.5
-1

y = 0.6633x + 0.6711

-1.5
-2
-6.0%

-2.0%

2.0%

6.0%

10.0%

14.0%

18.0%

Growth Rate in % (based on change in total personal income)

Or even two years later.
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Urban Growth
Metropolitan Statistical Areas
with Higher Growth Rates
Do Not Have Greater
Reductions in Unemployment

Bottom line!
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Adverse Selection
Health Insurance
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The Health Insurance Death Spiral
subscribers and premiums for Medex medigap insurance
for the elderly, Blue Cross Blue/Shield of Massachusetts

* proposed rate for 1998 of $278/month
Medex Gold covers unlimited prescription drugs with a
small copayment. Other Medex plans limit total benefits.

from Business Dynamics, Systems Thinking and Modeling for a Complex World, 2000, p.177
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Adverse Selection
• Akerlof, Spence, & Stiglitz
got the 2001 Nobel Prize
for understanding the effects
of adverse selection on
markets with
asymmetric information.

The reinforcing feedback dynamic
responsible for the increasing
number of uninsured.

Stock & Flow diagram:
• Cost/person increases as the
healthiest drop their
insurance because they don't
think it's worth the cost -- or
can no longer afford it.
• The healthiest again drop
insurance as Cost increases.
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Adverse selection is the driver of the Medigap death spiral.
"The subscribers opting
out of Medigap when
premiums rise are not
representative of the
average subscriber, but
will instead be the
youngest and healthiest -those who will be offered
the lowest rates by other
insurers.
As the fraction of the
elderly population enrolled
in Medigap falls, therefore,
the average health of the
remaining subscribers
drops."

Sterman, Exhibit 5-19
Business Dynamics
Instructor's Manual,
Chapter 5, pp. 48 - 49

A more complete and more complex diagram from Sterman's Instructor's Manual.
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Sterman: Adverse selection
is a problem of market failure:
• the positive feedbacks overwhelm the normal negative loops
of the free market; the outcome is a drop in social welfare
as well as corporate profit.
• Market failures can be addressed through
government intervention, for example,
the creation of a single-payer system …
• When the sick cannot be excluded by insurers and
the healthy cannot opt out of participation,
the adverse selection loops disappear.
• The solution to the problem is not solely an economic one
but is fundamentally a social, even a moral one.
• Are we, as a society, willing to pay a bit more so that the all of us,
including the oldest, poorest, and sickest, have access to good
health care, or will health care remain a privilege available only to
the young, affluent, and healthy?
Sterman, Business Dynamics
Instructor's Manual, Chapter 5, p. 49
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Net Present Value
Investment Calculations
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Net Present Value
investment calculations
Discounted Return of $100/yr
$120
Discount Rate = 20%

$100

Discount Rate = 30%

• $1,100 coming in over
11 yrs ... What's it worth?
• IR 10Yr NPV 5Yr NPV
• 20% $503.10 $419.25
• 30% $401.90 $309.15

Dollars

$80
$60
$40
$20
$0
0

• Future Returns devalued

1

2

3

4

5

6

7

8

9

10

Year

The declining value of future returns means that capitalism often does not
adequately represent the future to the present.
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Example: Forest Investments
from encyclopediaofforestry.org
• … forest investments, which have especially long horizons,
have an interesting characteristic.
• They have an inter generational distribution aspect in which the
income is redistributed among different generations.
• When the felling takes place today, the present generation
receives the benefits of a forest investment that was made
by earlier generations long ago;
• likewise, when planting takes place today,
the benefits that result will be obtained by future generations.
• Any model that uses discounting analysis …
results in a discrimination of the future generations because
multiplying distant costs and revenues from the future by a discount
factor reduces the quantities to insignificant figures.

This is especially true for very long-horizon investments
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Path Dependence
Monopoly
Economic Clusters
Wealth Disparity
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Path Dependence - two interacting
reinforcing loops -- Examples:
• The game of Monopoly -monopolies increase market share
• "good student" performance over
"bad student" performance
• home vs. work involvement
• economic cluster formation
• "rich get richer ..." phenomenon
even when starting with equal
resources & abilities.

On economic clusters, see A Systems Thinking Perspective on Manufacturing &
Trade Policy
http://www.exponentialimprovement.com/cms/fostermfg.shtml

105

Promotes Process Improvement support and investment
in manufacturing more than engineering
invest in
production
improvement

S
mfg org sees
production
improvement
S
mfg org
commitment to
production
improvement

invest in eng
design
improvement
S

R2
Improve
Production

S

S

O

share of
improvement in
production vs.
engineering
O
S

R1
Improve
Eng'g/Design

engineering
quality/cost
S
improvements

production
quality/cost
improvements

delay =
~12 mo's
S

O

excess
production
capacity

eng sees
eng/design
improvement
S
eng org
commitment
to eng/design
improvement
delay
~36 mo's

Nearly put
Analog Devices
out of business

See "Interactions between Manufacturing and Engineering" in
"Systems Thinking Perspective on Manufacturing Base Restoration"
at http://www.exponentialimprovement.com/cms/STMfgBaseRestorInit.shtml
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Fallacy of Composition
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Fallacy of Composition
• When we act as if
what is true for a part
is true for the whole.
• Examples:
– Farming
– The dynamics of “free trade”
– Escalation
– "Tragedy of the Commons"
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Fallacy of Composition
Farming
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Fallacy of Composition - Farming

See "Farm Policy Failure" http://www.exponentialimprovement.com/cms/farm.shtml
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Donella Meadows, Ph.D., MIT, on Farming
[System dynamics meets the press, SD Review]
• Farmers are caught In a vicious cycle.
• At any given price, for milk or grain or whatever, the
most obvious way a farmer can earn more money is to
produce more.
• So some of them do.
• But, since most of us are already drinking all the milk
and eating all the grain we can, a larger supply means a
lower price.
• Now, since the price is lower, every farmer has to
produce more just to keep the same income.
• So every farmer tries to do that and some succeed,
increasing production still more, dropping prices still
further, forcing every farmer to produce still more.

Read the whole paper. Fascinating insight into what's wrong with the U.S. economy
… economic blindness

111

Meadows: farmers are on a treadmill.
• Each one feels forced to expand whether or not he wants to,
whether or not he can actually do a good job with more land
or more cows.
• “Get bigger or get out” is the message. If the farmer succeeds
in getting bigger, he turns the treadmill further, increasing
output, reducing prices, forcing himself and others to expand
even more in the future.
• Every time one farmer manages to stay on the treadmill by
expanding, he knocks another farmer off.
• The next important idea was that of bounded rationality:
• Who's doing it to the farmers? The farmers are doing it to
each other.
• They are stuck in a system where everyone's individual
rational behavior produces a result that no one wants.
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Meadows: The unexpected leverage point
and policy recommendation (GASP OMG)
• There is one astonishingly simple
(and … politically unthinkable)
way of doing that.
• Just plain limit the size of farms.
• Define some upper limit beyond which a farm
cannot grow, high enough to capture economies
of scale and a decent farm income, low enough
to encourage healthy land, communities, and
economy.

OMG, indeed. No matter that this is immanently logical, "conservatives" go bonkers
over this idea: Unthinkable, socialist, communist, fascist, etc. …
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Testimony of Daryll E. Ray, House Committee on Agriculture, 2/14/01
"Crop Agriculture Faces Long-Term Price and Income Problems,"
Agricultural Policy Analysis Center at the University of Tennessee

• Agriculture is unique. Much of that uniqueness is rooted in two
characteristics:
– (1) cropland will be used to grow crops and
– (2) food is essential for life but the quantity needed is finite.

• These and other supply and demand characteristics virtually assure
that there will be little change in total crop acreage and little change
in the quantity demanded as prices fall, even by 40 percent over a
four year period.
• Periodically, crop exports will grow for several years at relatively
high rates, but usually they do not.
• Technological advances in crop agriculture, most of which is directly
or indirectly possible because of taxpayer support, assures relatively
rapid shifts in supply.

See relevant links to his writings at "Farm Policy Failure"
http://www.exponentialimprovement.com/cms/farm.shtml . I created the models
there before I read his writings on Farm Policy describing exactly the same thing.
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Testimony of Daryll E. Ray, House Committee on Agriculture, 2/14/01
"Crop Agriculture Faces Long-Term Price and Income Problems,"
Agricultural Policy Analysis Center at the University of Tennessee

• Under this combination of price unresponsive supply, price
unresponsive demand and supply shifting faster than demand,
prices and income can be expected to be chronically depressed.
• This is not a short-run problem.
• Left to itself, crop agriculture would continue its
downward spiral, bankrupting successive farmers
on a given piece of land, forcing bank foreclosures, and
… wreaking devastation on ALL rural areas.
• It would be a disaster of a magnitude that would be
well beyond political acceptability.
• Those that believe otherwise also believe that
supply and demand quickly adjust to lower prices.
• If that were true, then crop agriculture would self-correct.
• But it is not and agriculture doesn't. It really is that simple.
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Fallacy of Composition
"Free Trade"
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The "Free Trade" Deficit Trend Was Exponential
Graph of Actual up to 2006 & Projected
(adjusted for 9/11 "glitch" in 2001)

I predicted then that this would not continue … and
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The "Free Trade" Deficit
U.S. "Trade" Deficit Trend
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… and indeed, it didn't. Most of what's going on isn't "free trade" at all. It's "transfer
of the factors of production". "Trade" is the "exchange of one thing for another," not
the "transfer of the factors of production" where things are made over there to sell
over here to cut costs and increase profits, no matter what the effect on the U.S.
economy. Because of this, the logic of "comparative advantage" does not apply.
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The Structure of Offshoring driving
the massive U.S. trade deficit

The exponentially-increasing trade deficit is a result of Logical Individual Logic that's Collectively Irrational
Each company's logical offshoring adds to total offshoring, which also has the effect of lowering pay in the U.S. (see
references below). This in turn reduces U.S. purchasing power and total U.S. market demand, which increases price
competition ... leading to pressure for even more offshoring.
So every company logically offshores to cut costs, but when all do, none have lower costs than others and they are no better
off than before in competing in the U.S., the world's largest and most profitable market ... for the time being, until we finally
kill off the goose that laid the golden eggs.
In addition, U.S. purchasing power erodes, undermining the whole. As long as offshore pay is lower than in the U.S. and
there's a global glut of capacity, the individually logical decisions on the part of corporations will power this "reinforcing
feedback." Offshoring increases products & services purchased from offshore and in turn results in an exponentiallyincreasing trade deficit.
Eventually, as offshoring continues, demand for offshore labor will increase, but there will be a long delay before demand for
offshore labor exceeds supply. This will keep offshore wages low for decades, if not a century. If there were to be a world
equilibrium of pay, one might expect the equilibrium would be at the weighted mean between U.S. and China pay. Because
there are so many Chinese workers compared to U.S. workers and because their pay is so low, the equilibrium would be a
very low pay indeed.
See how the American Chamber of Commerce and World Bank are opposing an increase in working conditions and pay in
China at “Are there government & business entities that oppose improving working conditions and wages?“
http://www.exponentialimprovement.com/cms/consdia.shtml#7
Some maintain that as economic conditions improve offshore and pay rises, the world will purchase more goods from the
U.S. This won't be true because pay will only rise very slowly and they will also purchase from low-cost sources, not from the
U.S.
Long before we reach such equilibria, the U.S. economy will collapse due to the exponentially-increasing trade deficit as the
rest of the world decides to stop taking U.S. dollars for their goods. In response the Federal Reserve will have to raise
interest rates to maintain borrowing, because large and growing government deficits and debt won't allow the U.S. to pay off
the loans.
This growing trade deficit is the root of the controversy over selling US ports to a UAE company. That wasn't, and still isn't,
about "good foreign direct investment in the U.S." (see Buffett's chart above showing increasing foreign holdings of U.S.
assets). It's about selling off parts of the US economy (including companies, buildings and toll roads) to take back some of
the dollars from foreign hands to stave off the collapse of the dollar.
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The Trade Debt has led to
Selling Off the U.S.

A major impact of the trade deficit is that we’re selling off America.
This is a chart from an article by Warren Buffett. Find a link to this “must-read” at
“The Trade Deficit and the Fallacy of Composition” at
http://www.exponentialimprovement.com/cms/fallacy.shtml.
The chart refers to “international investment,” which sounds good, but what this
really means is that more and more U.S. assets (companies, roads, buildings) are
being sold to foreigners. This means the profits earned aren’t staying in the U.S. to
fuel the economy; it’s draining the economy.
Often there’s “good press” about how many jobs are being “created” by this Foreign
Direct Investment. But really, most of the jobs are just being reclassified as jobs at
foreign-owned companies instead of jobs at U.S. companies. They’re not being
“created.”
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Fallacy of Composition
Escalation
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Escalation - two interacting balancing loops





arms race increases weaponry
(but decreases security for all)
price wars increase sales & market
share (but decrease profits for all)
cities compete for sports teams
regions compete on the basis of low
taxes & less regulation for a limited
number of jobs (but leads to
infrastructure backlogs for all regions)
Escalation Example:

other nations
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S
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production
S
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O
perception
of threat

S

O
S
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O
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S
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S
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Escalation Example: price war
B's sales

A's sales

S

S

B1

S
company
A price
cuts
other nations'
S
weapons
production

S

S

S

the "arms race"

U.S. weapons
stockpile

B1

Escalation
A's
results

S

B2

O

Company A market share Company B
Competition of company A Competition
Based on vs. company B Based on
Price
Price
O
company A's
perception of
competitive threat

company
B price
cuts
S

S
company B's
perception of
competitive threat

While it's individually logical to get a gun to feel safer, but when everyone does,
everyone is less safe than before.
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Fallacy of Composition
"Tragedy of the Commons"
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"Tragedy of the Commons" for Fishing
(applies to farming, too)
•

•
•
•

•

•

•

Overfishing: depletes the fish stock and the
ability of fish to reproduce ... in this case the
"market" signal is increased price, which leads
to even more fishing and more rapid
destruction of the commons
Overgrazing: the original example
Farming: price collapse on excess production
Common Organizational Resources: groups
benefit more from getting more resources from
a common resource pool, but overload them
(e.g., quality, HR, repro services)
Electronic Systems: Individual engineering
teams maximize the electrical functions they're
designing by drawing more on the electrical
power system, but overall exceed the
electrical system's ability to supply power
Pollution: firms benefit from economic activity
that causes pollution, but increase negative
health impacts for all
Infrastructure: developers profit from more
development that uses common infrastructure,
but overwhelm infrastructure

Tragedy of the Commons
(fishing)

S
A's fishing

R1

A's profits
S
O

sustainable
ocean
fishing
capacity

B3
S
total fishing

S

S

effort O
required
per fish
caught

B4

B's fishing
S

O
S
B's profits
R2
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Fishing - Scarcity Increases Price
• More Scarcity ==> Higher Price. The market signal is
exactly opposite that required to preserve the resource.
• An objection: "the marginal value of the last few fish
might be so high as to preclude the trade of those
resources ..." and "the cost of supplying the fish will
increase to increase the price."
• Except 1: Yes, the increased price of fish discourages
purchase. But by then the resource can be destroyed.
• Except 2: To reduce the cost of finding fish, fishing
fleets now use sophisticated sonar technology to more
efficiently hunt down every last one of them.
• Except 3: there are enough people in the top 1%
for whom price is no object.

I was called an "Economic Ignoramus" for describing this dynamic. He forgot a few
things.
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Speculative Bubbles
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Speculative Bubbles
Price/Dividend ratio, 1871 - 2002

link

link

NEXT?

link
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Structure of Speculative Bubbles
Fed Easy
Money
Policies
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S
S
Perceived
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S
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Value

B3
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B1
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Demand
S

Moving
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Price
O

S
S
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Production
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Expected
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S

S
O

Expected
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Cost of
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From Sterman's Business Dynamics Instructor's Manual
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Economic
"Long Wave"
Dynamics
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"Long Wave" dynamics
• Loop B1: individual companies
make rational decisions to
downsize to reduce company
expenses; this reduces
industry and excess capacity.
• Loop R2: downsizing decisions
have an overall industry "sideeffect" of reducing
employment, income, and
demand to create even more
excess capacity.
• This economic vicious cycle
can lead to overall economic
collapse.

From John Sterman, "The
Long Wave Decline and
the Politics of Depression"
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Long Wave Economic Cycle

Supplied by Jon Holm
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Delays
Growth
to Oscillation
to Overshoot & Collapse

This a supplement to my Response to 'The Commons: What Tragedy? by Wilton D.
Alston'
http://www.exponentialimprovement.com/cms/commonsfallacy.shtml#growthtocolla
pse
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Growth Causal Loop Diagram
- Exponential Behavior -
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Growth Examples
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Limits to Growth
- Growth Encounter Limit Behavior -

135

Limits to Growth Examples
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Limits to Growth with Delay
- Overshoot & Oscillation Behavior -

Delay
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Limits to Growth with Delay
Examples - Oscillation
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Limits to Growth Eroding Carrying Capacity
- Overshoot & Collapse Behavior -
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Limits to Growth Overshoot & Collapse
Examples
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Easter Island
• ... one of the most remote spots on earth, is a small
island of about 160 km2 located in the eastern Pacific.
• Easter Island is most famous for the giant stone statues,
known as moai, that dot the island. ... prior to the arrival
of the first humans, Easter Island was lushly forested
and supported a diverse set of fauna, particularly birds.
• However, as the human population grew, the forests
were progressively cut to provide wood and fiber for
boats, structures, ropes, and tools, as well as to provide
firewood.
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Easter Island (cont'd)
• There is clear stratigraphic evidence that soil erosion
increased with deforestation as rain washed away the
unprotected soil. Without tree cover, wind speeds at
ground level increased, carrying still more valuable soil
into the sea.
• The erosion was so severe that sediment washed from
the higher elevations eventually covered many of the
moai, so that European visitors thought the giant statues
were just heads, when in fact they were complete torsos
averaging 20 feet in height.
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Easter Island Statues
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Easter Island is One Example
• The overshoot and collapse of Easter Island is but one of
many similar episodes documented in the history of
island biogeography.
• In each case, population growth led to deforestation,
the extinction of native species, and
unfavorable changes in local climate, rainfall,
and agricultural productivity,
followed by starvation, conflict,
and, often, population collapse.
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Easter Island
Tree Cover & Population

• A precipitous decline in population had set in by about 1680,
accompanied by major changes in social, political, and
religious structures.
• Spear points and other tools of war appeared for the first time,
and there is evidence of large battles among competing groups.
• Some scholars believe there is evidence of cannibalism
during this period.
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Short-term versus Long-term

Joe does what feels better in the short term, but the negative consequences occur
later. By that time, though, Joe has been promoted and some other poor sucker is
sitting in the chair to take the blame. Joe is remembered as a hero.
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Dealing with Dynamic Complexity
Requires Long-term Thinking

A short-term orientation is a killer when we have long delays.
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Jay Forrester's Behavior Patterns
of Company Evolution
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Oops!
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What's a Mother to Do?

150

We Need to Use
Systems Thinking & System Dynamics

Our problem yet again.
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Impact of Interfering
Structures & Effects
• Negatively impact the market's ability to
effectively balance supply and demand to
create a well-functioning economy.
• Cause systemic failures which in turn
• cause many individuals to fail
… despite individual best efforts.
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John Sterman on Policy Resistance
• As the world changes ever faster, thoughtful leaders
increasingly recognize that we are not only failing to
solve the persistent problems we face,
but are in fact causing them.
• All too often, well-intentioned efforts
to solve pressing problems create
unanticipated "side effects."
• Our decisions provoke reactions
we did not foresee.
• Today's solutions become tomorrow's problems.
All models are wrong: reflections on becoming a systems scientist
by John D. Sterman, System Dynamics Review, Winter 2002
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There can be “Side Effects”
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John Sterman on
Policy Resistance (cont'd)
• The result is policy resistance, the tendency for
interventions to be defeated by the response of the
system to the intervention itself.
• From … road building programs that create suburban
sprawl and actually increase traffic congestion, to
pathogens that evolve resistance to antibiotics, our best
efforts to solve problems often make them worse. …
• System dynamics helps us expand the boundaries of our
mental models so that we become aware of and take
responsibility for the feedbacks created by our decisions.
All models are wrong: reflections on becoming a systems scientist
by John D. Sterman, System Dynamics Review, Winter 2002
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Yeah, yeah, but …
• "When a problem arises either from
within a republic or outside it,
one brought about either by
internal or external reasons,
one that has become so great that
it begins to make everyone afraid,

You'll just
make things
WORSE!

• the safest policy is to delay dealing with it
rather than trying to do away with it,
because those who try to do away with it
almost always increase its strength and accelerate
the harm which they feared might come from it."
Niccolo Machiavelli, The Discourses, 1519 ... quoted in
"Learning in and about Complex Systems" by John Sterman,
System Dynamics Review 10, No 2 - 3, Summer-Fall 1994

But we now live in the 21st century, not the 16th. We know a lot more now and can
do better than not touch it.
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A Gardening Analogy
• A man was walking by a church parish one day.
• He saw a priest tending the garden beside it.
• He remarked to the priest what a
beautiful garden he and God had created.
• The priest stood back and looked around, saying,
• "You know, you're right; it is beautiful.
• But you should have seen it
when God had it all to Himself."
Find versions of this story on the internet.
Google "you should have seen it when God"
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From Theory to Practice
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Causal Loop Diagrams are Theories
… But How to Make Them Practical?

What we need to do is not just understand structure, but also understand how to
use this understanding in a practical way.

159

From Causal Loops to Action
Illustrated using "short pay" mechanism
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Jim Collins, “Turning Goals into Results: The Power of Catalytic Mechanisms,” HBR, Jul-Aug 1999

The “short pay” mechanism is described by Jim Collins, “Turning Goals into Results:
The Power of Catalytic Mechanisms,” HBR, Jul-Aug 1999
The mechanism is: A company includes on each invoice the following statement:
“If you are not satisfied for any reason, don’t pay us for it. Simply scratch out the
line item, write a brief note about the problem, and return a copy of this invoice
along with your check for the balance.”
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Going from Loops to Action
Key Success Loops & Driving Forces
Group or
Individual
ITS

Loop R9
Loop R3
Loop B5 a,b,c
Loop
IT/College
Education &
Staff/Maintenance XX
Strategic
Prevention
/Infrastructure
Feedback Reduces Problems
Support Costs

Driving
Force
YY

Summary
of Strategy
for each
Function

President
Development
Human
Resources
Other
Summary of
Strategy for
Each Loop or
Driving Force

.

See Causal Loops to Action at
http://www.exponentialimprovement.com/cms/loopstoaction.shtml.
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Fostering Favorable Feedback
• We tend to organize functionally
or by project,
• … but success depends on fostering
favorable operation of the loops.
• No wonder we have difficulty managing
them.

Understanding the loops helps us connecting silos to foster favorable operation of
the loops and produce coordinated action.
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Suggested Reading
• The Fifth Discipline by Peter Senge
• The Logic of Failure by Dietrich Dorner
• The "Growth Facts of Life"
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Systems Thinking:
Not easy, but easier than this!

exponentialimprovement.com
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The Leadership Hierarchy
Values & Concept
Purpose
Vision
Mental
Models
System
Structure
Patterns of Events
Events

Preserve
the Core
Stimulate
Progress
Create
Tangible
Mechanisms
Reap Rewards
or
Pay the Price

http://www.exponentialimprovement.com/cms/STLeader.shtml

On Values,
Purpose, Vision,
& Tangible
Mechanisms,
see
Collins & Porras,
Built to Last
… but
“mechanisms”
isn’t the best
metaphor …
“organic” is.
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Learning Requires Languages, Brains, & Skills
http://www.exponentialimprovement.com/cms/learning.shtml

Traditional Business
Thinking Skills

Systems Thinking
Skills

•
•
•
•
•
•
•

•
•
•
•
•
•
•

Static thinking
System-as-effect thinking
Tree thinking
Factor thinking
Linear thinking
Measurement thinking
Proving-truth thinking

*

Dynamic thinking
System-as-cause thinking
Forest thinking
Operational thinking
Closed-loop thinking
Quantitative thinking
Scientific thinking

* physical condition: simultanagnosia
Seeing the “system as cause” of behavior is a vital skill.
We must see both the forest and the trees. Some political philosophies can only see
the trees (e.g., Libertarian).
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To Learn, We Need
Language

Brain

Learning

To describe relationships

Causal Loop
Diagrams

To describe fundamental
distinction between
flows & accumulations

The Archetypes

To handle dynamic complexity:
multiple non-linear feedbacks
with long and variable delays

Stock & Flow
Mapping
Stock & Flow
Simulation
Models

Thinking
Skills

Systems Skills: dynamic, system-as-cause, forest,
thinking operational, closed-loop, quantitative, &
scientific. Practice: CLD, S&F, Learn'g Labs
skills

Memory

Store & retrieve experience:
success & failure

Learning
Histories

Reality concepts, ladder of
See relevance & inference, dialogue, Mod. II ToA,
Motivation
utility ... unleash group facil. grnd rules, personal
& Aspiration these qualities
mastery, winning strategy

See Learning Requires Languages, Brains, & Skills at
http://www.exponentialimprovement.com/cms/learning.shtml
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Wes Jackson, Altars of Unhewn Stone (1987),
describing part of the western industrial paradigm:
• Our culture assumes that individuals are free-moving
social atoms with their own intrinsic properties.
Society is a collection of such individuals.
• In other words, society as a phenomenon consists of
the outcome of the individual activities of individual
human beings.
• This view, this Cartesian view, says that
the part has priority over the whole.
• Cartesianism is not just a tool or a method of
investigation. It is a commitment to how things really are.
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From a Donella Meadows column written
shortly after the 1987 stock market crash
• We are told, over and over, that the free market is a sort
of natural wonder that guides the economy without need
for government interference.
• But, in fact, the market system is chronically, inherently
unstable.
• All market economies oscillate, with 4-to-7-year business
cycles, with longer cycles of construction and commodity
production, and with 50-or-so-year-long waves that
bring, among other things, major financial panics.
• The oscillations are inevitable because mutual
adjustments of supply and demand are very slow.
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From a Donella Meadows column written
shortly after the 1987 stock market crash (cont’d)
• It takes time for producers to respond to shortages or
surpluses by adjusting prices, and time for consumers to
respond to price changes by buying more or less.
• It takes even longer for producers to gear up or down
and for those responses to percolate through the system
to suppliers and then to suppliers of suppliers.
• During the adjustment time -- which can be years or
even decades -- shortages or surpluses go on getting
worse, until the corrections begin to take hold.
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From a Donella Meadows column written
shortly after the 1987 stock market crash (cont’d)
• If we are serious about understanding our economic system,
stabilizing it, and bringing it under some kind of control,
we’ll have to start by admitting its imperfections.
• Doing so does not necessarily throw us from the roller-coaster
of untrammeled free enterprise straight into the
gray, unproductive prison of central planning.
• There’s a lot of space in between -- in a region that could be
called informed, regulated free enterprise.
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From a Donella Meadows column written
shortly after the 1987 stock market crash (cont’d)
• That column, written shortly after the 1987 stock
market crash, was one of the most unpopular I
ever produced.
• Many papers did not print it.
• I learned a lesson from that -- you can’t
challenge the prevailing paradigm too directly.
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But this complexity is up against the
“common sense” of conventional wisdom
• Policies that promote competition among
regions to increase regional growth "create jobs"
… NO: nationally, they do not.
• Competition among regions promotes efficiency
… NO: it creates infrastructure backlogs.
• “Growth is good!”
… NO: it creates regional debt.
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Speculative Bubbles
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Who’s the Leader on an Airplane?
•
•
•
•

Pilot
Navigator
Steward
other … ?

• Talk with a partner for a few minutes …
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The ST Perspective:
Leader as “Designer”
• … in order that the
airplane / organization / community
can “fly stably” under turbulent conditions.
• It’s not about
“preparing for a predicted future.”
• It’s about designing …
“creating an imagined, desired future.”

See Systems Thinking Leadership at
http://www.exponentialimprovement.com/cms/STLeader.shtml
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Adam Smith on Price Mediation
• “The natural price, therefore, is as it were,
the central price, to which the prices
of all commodities are continually gravitating.
• Different accidents may sometimes keep them
suspended a good deal above it, and sometimes
force them down even somewhat below it.
• But whatever may be the obstacles
which hinder them from settling in this centre
of repose and continuance,
they are constantly tending towards it.”

177

Adam Smith knew there are limits
on the efficacy of market feedbacks
• Adam Smith: "This at least would be the case
where there was perfect liberty."
• Sterman: "… that is, under conditions of perfect
competition (free entry and exit, free mobility of the
factors of production, and free exchange of information
on demand, supply, costs, and profits).
• "Where there are monopolies, trade secrets, government
regulations, barriers to trade, restrictions on immigration
and capital mobility, or other feedbacks outside the
simple negative loops coupling supply and demand,
Smith notes that prices and profits may rise above the
natural level for many years, even decades."
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System dynamics meets the press
by Donella H. Meadows, Ph.D., MIT
• An Invited address at the 1988
International System Dynamics Conference.
• From the abstract:
The reigning paradigms of the western world
are astonishingly unsystematic, and they give
rise to badly structured, difficult-to-manage
large-scale social systems with persistent
problems, such as pollution, poverty, and
war.
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Paradigms (Mental Models)
• A paradigm is a set of deep concepts about
the nature of reality that shapes language,
thought, and perceptions -- and system
structures.
• A paradigm is not only an assumption about
how things are, it is a commitment.
• There is an emotional investment in a
paradigm, because it defines one’s world and
oneself.
Donella H. Meadows, System dynamics meets the
press, System Dynamics Review 5 (no. 1, Winter 1989)
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System Dynamics Paradigm Assumes
• things are interconnected in complex patterns,
• the world is made up of rates, levels, and
feedback loops, that information flows are
intrinsically different from physical flows,
• nonlinearities & delays are
important elements in systems,
• behavior arises out of system structure.

• The paradigm of public discourse
contains none of those assumptions.
Donella H. Meadows, System dynamics meets the
press, System Dynamics Review 5 (no. 1, Winter 1989)
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John Sterman on
Policy Resistance (cont'd)
• The result is policy resistance, the tendency for
interventions to be defeated by the response of
the system to the intervention itself.
• From … road building programs that create
suburban sprawl and actually increase traffic
congestion, to pathogens that evolve resistance
to antibiotics, our best efforts to solve problems
often make them worse.
All models are wrong: reflections on becoming a systems scientist
by John D. Sterman, System Dynamics Review, Winter 2002
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John Sterman on
Policy Resistance (cont'd)
• At the root of this phenomenon lies the
narrow, event-oriented, reductionist worldview
most people live by.
• We have been trained to see the world as
a series of events, to view our situation
as the result of forces outside ourselves,
forces largely unpredictable and uncontrollable.
• There are no side effects -- only effects.
• Those we thought of in advance, the ones we like,
we call the main, or intended, effects,
and take credit for them.
All models are wrong: reflections on becoming a systems scientist
by John D. Sterman, System Dynamics Review, Winter 2002
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John Sterman on
Policy Resistance (cont'd)
• The ones we didn't anticipate,
the ones that came around and bit us in the rear
-- those are the "side effects".
• When we point to outside shocks and side effects to
excuse the failure of our policies, we think we are
describing a capricious and unpredictable reality.
• In fact, we are highlighting the limitations
of our mental models.
• System dynamics helps us expand the boundaries of our
mental models so that we become aware of and take
responsibility for the feedbacks created by our decisions.
All models are wrong: reflections on becoming a systems scientist
by John D. Sterman, System Dynamics Review, Winter 2002
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