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‘Sustainability Leadership - Five important competencies (From Class 467)

1. Systems thinking: Connected, holistic thinking. Understanding the context behind a problem and its relationship to trends
INn broader environments. For example, a sustainability leader grasps the system of relationships in which the system under
consideration iIs embedded: Flows in and out, surrounding and interconnected systems, interactions between human and
non-human systems. Requires multidisciplinary backgrounds combining technical and creative tields. Expertise and
knowledge In principles of systems management such as resilience and managing for emergence.

2. External collaboration: Work with entities beyond the own organization. Significant environmental impact may be found in
collaboration. Collaboration helps organizations build social capital, explore new opportunities and shape the contexts in
which they operate. Investing in partnerships between governmental organizations, NGOs and businesses.

3. Social innovation: The magnitude of sustainability challenges demands a fundamental reengineering of societal
processes. Leaders with social innovation competence view this challenge as a growth opportunity. Social innovators find
ways to redesign processes that create social value. They question the status quo and treat constraints as transformable.
Within organizations, innovative leaders encourage social entrepreneurship among employees and prioritize
interdisciplinary teams.

4. Sustainability literacy: Sustainability-literate leaders are aware of emerging environmental and social trends, and the risks
and opportunities they create for society. Fundamentally, they understand the changing roles of sectors, organizations and
groups in society. They see the need for conducting environmental and social cost accounting, or using tools for scenario
planning, back-casting, and hot spot analyses.

5. Active values: A leader with active values is mindful of emotions and motivations and sensitive to those of others. Mindtul
leaders can view themselves and their work as part of a larger purpose, motivating them to harness organizations to
iImprove society.
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Case Studies, Systems Science and Systems Thinking

Case Studies: 1 Identify the system and its environment
2 Specify the problem

Landfills and Sea Level Rise “Ocean Acidification/Warming and Coral Reefs
Limiting Energy Usage “Sustainable Cities
Preparing the Economy for Climate Change and Sea Level ~Soil Degradation and Sustainable Farming

Rise
Tourism and Sea Level Rise
~Extinction of Species

Extinction and Food Security

Pollution

Urban Agriculture
\Wildfires

~Climate Change and Agriculture
Population growth and sustainability

Impacts of sea level rise and climate change on the Back
Bay National Wildlife Refuge

Chesapeake Bay under climate change and sea level Sargassum
rise

Invasive species

“Plastic Pollution in the Ocean
Industrial waste and sea level rise

Food-Water-Energy Nexus
Degradation of Mangroves

S Lionfish

Loss of Ecosystem Services of Wetlands
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Abstract

Systems thinking is considered a much-needed competence to deal better with an
increasingly interlinked and complex world. The many streams within systems science
have diversified perspectives, theories and methods, but have also complicated the
field as a whole. This makes it difficult to understand and master the field. Short
introductions to fundamental questions of systems science are rare. This paper is
divided into three parts and aims to do the following: (1) to provide a broad overview
of the structure and purpose of systems science; (2) to present a set of key systems
principles and relate them to theoretical streams; and (3) to describe aspects of
systems-oriented methodologies within a general process cycle. Integrative
visualizations have been included to highlight the relationships between concepts,
perspectives and systems thinkers. Several new attempts have been made to define
and organize system concepts and streams in order to provide greater overall
coherence and easier understanding. © 2013 The Author. Systems Research and
Behavioral Science published by John Wiley & Sons, Ltd.
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Abstract

Much of systems thinking, as commonly espoused today, was developed by a generation
in the context of the 1950s-1980s. In the 2010s, has systems thinking changed with the
world in which it is to be applied? Is systems thinking learning and coevolving with the
world? Some contemporary systems thinkers continue to push the frontiers of theory,
methods and practice. Others situationally increment the traditions of their preferred
gurus, where approaches proven successful in prior experiences are replicated for new
circumstances. Founded on interactions with a variety of systems communities over the
past 15years, three ways to rethink systems thinking are proposed:

1. ‘parts and wholes’ snapshots — ‘learning and coevolving' over time

2. social and ecological = emerged environments of the service economy and the
Anthropocene

3. episteme and techne — phronesis for the living and nonliving

These proposed ways are neither exhaustive nor sufficient. The degree to which systems
thinking should be rethought may itself be controversial. If, however, systems thinking is
to be authentic, the changed world of the 21st century should lead systems thinkers to
engage in a reflective inquiry. Copyright © 2013 John Wiley & Sons, Ltd.




Systems Science
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Three faces of systems science Hieronymi, 2013



Systems Science

Formal Sciences

Phenomenological Sciences

Normative sciences

Map of science—with a special focus on systems science and systems design Hieronymi, 2013

The Function of Systems Science in the Field of the Sciences
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Systems Science

Systems Thinkers in the Field of the Sciences
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o Bak, West, Bar-Yam, — Maturana, Varela, Bronfenbrenner, Argyris, Schon, Ostrom,™ Holland, Mitchell, Brooks,
»  Crutchfield, Lioyd Goodwin, Kauffman Bateson, Domer Axelrod, Page, Castellani M'Pherson, Hitchins
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Overview of systems thinkers and their position in the field of the sciences Hieronymi, 2013
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Systems Science

Core Learning Capabilities
for Systemic Change

Seeing and Creating
Understanding Desired

Communicating
systems
d and Collaborating Futures

across Boundaries

hree capabilities for systemic change. (Adapted from Senge et al., 2010, p. 45)
Hieronymi, 2013
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Systems Thinking

There are two distinctive perspectives: event-oriented thinking and systems thinking.



Systems Thinking

There are two distinctive perspectives: event-oriented thinking and systems thinking.

Event-oriented thinking:
® Most people, probably over 95%, are event oriented.
® [hey see the world as a collection of parts and events.
® Each event has a cause and to solve a problem, the
cause needs to be found and fixed.
® Global environmental sustainability problem:
® People’s misbehavior Is the cause of the problem.
® [ he solution, then, is to get them to stop behaving so
Irresponsibly.
® [ his can be done with laws stating what to do and not
to do, plus emotional appeals to be nice to the
environment.
® \Vhen that solution fails, the problem is called a hard

problem.
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Feedback Loop Goal
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as determined by each voter
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Politician incentive
to please voters by

optimizing the

common good

If this loop is not healthy,
democracy is in crisis.




Systems Thinking

There are two distinctive perspectives: event-orient:

Event-oriented thinking:
® Most people, probably over 95%, are event oriented.
® [hey see the world as a collection of parts and events.
® Each event has a cause and to solve a problem, the
cause needs to be found and fixed.
® Global environmental sustainability problem:
® People’s misbehavior Is the cause of the problem.
® [ he solution, then, is to get them to stop behaving so
Irresponsibly.
® [ his can be done with laws stating what to do and not
to do, plus emotional appeals to be nice to the
environment.
® \Vhen that solution fails, the problem is called a hard

problem.

Politicians can make it
hard to determine
their performance by
secrecy, misdirection,
and deception. They
want voters to think
that all that matters is
what a politician is
(falsely) promising and -
saymg now. The past
doesn’t matter.

How Root Cause Forces Can Weaken
the Voter Feedback Loop

And Thereby Cause Democracy to Fall into Crisis

Politicians can change people’s goals
by creating false enemies and wrong
priorities, like "guns, God, and gays,”
as well as racism, sexism,
fundamentalism, xenophobia, extreme
nationalism, and so on.

Actual
politician

performance Loop

A ba'a"C'"O loop alternative to be feared
This is increasingly irrelevant, . and not trusted. Be
because politicians know that \ Politician incentive / " vague about your own

the more money and mass
deception they can pour into a
campaign, the greater their
chance of success. Manipulative
politicians think like this: "1
don’t have to do what you
want. I only have to do what
my wealthy donors want.”

-.
o™
-
-
a ™

The loop as a whole can be weakened in
several ways. One is by creating fake news,

saying fake news is everywhere, creating highly
biased news organizations, and promoting all
sorts of big lies, which creates a false alternate
reality. Another way is by discrediting the media

and attacking science, which destroys the

perceived reliability of sources of information.

Additional ways are voter suppression,
gerrymandering, and making voters feel like
their vote hardly matters.

4 Feedback Loop Goal

Desired politician performance,
as determined by each voter

Politician 4

performance
/ gap \
Voter
Feedback candidate to

to please voters by
optimizing the
Y common good

If this loop is not healthy,
democracy is in crisis.

The gap is the difference
between a voter’s goal and a
politician’s actual performance.
Calculating this accurately
requires well developed
decision-making ability. That
ability can be degraded by
reducing quality of education,
calling smart people nerds,
getting people to watch lots of
-+ mindless TV, sensationalizing or
trivializing everything, corrupting
the language, etc. For much
more see George Orwell’s 1984.

The most popular
strategy is to attack
your opponent and
make them seem like an

Vote for “"best”

close the gap

positions, except for lots
of false promises and
rabble-rousing. Since
truth literacy is low, the
best liar will win.

The root cause forces tend to separate
politically aware citizens into two groups.
One group favors powerful special interests,
especially large for-profit corporations and
the rich. The other group favors the
common good. The first group, because
they are a minority, cannot win elections by
telling the truth about what they plan to do.
Their only recourse is to use the opposite of
the truth, deception, to weaken the Voter
Feedback Loop. This explains the
extraordinary amount of lies we see in
politics today. When winning by telling
lies instead of the truth becomes the
norm, democracy is in crisis.




Systems Thinking

There are two distinctive perspectives: event-oriented thinking and systems thinking.

Event-oriented thinking:
® Most people, probably over 95%, are event oriented.

® [hey see the world as a collection of parts and events.
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® GGlobal envi

People’s
The solut
Irrespons

10

il

le
Nis can be done with laws stating what to do and not

ronmental sustainability problem:
ISlbehavior is the cause of the problem.
N, then, is to get them to stop behaving so

Y.

to do, plus emotional appeals to be nice to the
environment.
® \Vhen that solution fails, the problem is called a hard

problem.

Systems thinking:
®\/iews problems

entirely differently:

®LE.g., global environmental unsustainability is the result of
immense positive feedback loops causing swarms of
societal agents to exploit the Earth for their own benefit
and population growth.

® [ his mode becomes unsustainable when negative

feedback loops

®|nstead, the stru
that misbehavio

finally start to push lback as environmental

imits are approached.
®Doesn’t see people’s misbehavior as the problem.

cture of the system is seen as causing
g

® [0 solve the pro
understood and

olem, system structure must be
changed, so that feedback loops can be

redesigned to cause people to behave sustainably as a
natural part of their everyday existence.

® [ his takes far more work than writing a few quick new
laws and pleading to save the world.
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There are two distinctive perspectives:
event-oriented thinking and systems
thinking.
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Systems Thinking

There are two distinctive perspectives: Systems thinking is a way of thinking about, and a language
event-oriented thinking and systems for describing and understanding, the forces and
thinking. interrelationships that shape the behavior of systems.

Systems thinking helps us to see how to change systems
more effectively, and to act more Iin tune with the processes

IN the human and non-human environment and across all
socletal sectors.
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The field of systems 1
(some) business orga
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NiNking has been developed mostly in
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Systems thinking helps us to see how to change systems
more effectively, and to act more Iin tune with the processes
N the human and non-human environment and across all

socletal sectors.

The field of systems 1
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Systems Thinking

There are two distinctive perspectives:
event-oriented thinking and systems
thinking.

System
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management.

Systems thinking is a fundamental capability for sustainability

leaders

nip.

Systems thinking is a perspective of a community on wholes,
parts and their relationships.
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f a system’s key feedback loops are not understood
then the system is not understood.




Systems Thinking

fa system’s key feedback loops are not understood Exponential Exponential Goal Seeking

Growth Decline

then the system is not understood.

Feedback loops control the behavior of a system
over time. Reinforcing loops cause either runaway
(1) exponential growth or (2) exponential decline.

Time — 2 Time —> 3 Time —>
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f a system’s key feedback loops are not understood
then the system is not understood.

Feedback loops control the behavior of a system
over time. Reinforcing loops cause either runaway
(1) exponential growth or (2) exponential decline.

A system of feedback loops can create many
different behaviors, including holding the system In
a homeostasis.

A fundamental principle of system dynamics states
that the structure of the system gives rise to its
behavior.

Exponential
Growth

Oscillation

Exponential
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Time —>

S-shaped Growth with
Small Overshoot
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Goal Seeking

3 Time —>
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Overshoot and Collapse

6 Time —
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a system’s key feedback loops are not understoo
w system Is not understood.
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over time. Reinforcing loops cause either runaway
(1) exponential growth or (2) exponential decline.

A system of feedback loops can create many
different behaviors, including holding the system In
a homeostasis.

A fundamental principle of system dynamics states
that the structure of the system gives rise to its
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Systems Thinking

Principles of Systems Thinking

1. Afeedback loop is system structure that causes output Linear view: =74 — B —p C —p D —p
from a node to eventually influence the input to that same
node.
. o . . , Feedback ﬁ*—|
2. A tfeedback loop Is either reinforcing or balancing. 00p 2 e B e (=D
3. The behavior of all dynamic systems is a result of its oerspective: A |

feedback loops.

4, The important behavior of a system emerges from its key
feedback loops.

5. The behavior of a large complex system is generally so
counterintuitive that it cannot be correctly understood
without modeling the system's key feedback loops.
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Principles of Systems Thinking
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5. The behavior of a large complex system is generally so
counterintuitive that it cannot be correctly understood
without modeling the system's key feedback loops.

N

o

Balancing Loop
(negative or goal-seeking loop)

births

per year
Constrained
Population

Growth

Reinforcing Loop
(positive loop)

births opulatlon

opulation
ypeearr I'OWth population population \J Pop /
a
Average Life Goods and 93P 7
Expectancy Services \ -

) S _/ carrying capacity

| — R

4
t




Systems Thinking

Key concepts of systems thinking
® Analysis
® Causal chain
® Causal loop diagram
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Systems Thinking

Key concepts of systems thinking me context of systems thinking is the process
® Analysis

of the breaking down a complex problem into smaller
easier to solve problems. This requires a-

® Causal chain
® Causal loop diagram

‘ormal process.

® Feedback loop

® Fundamental attribution error | |

® | cverage point The path of influence running from a root cause to problem

® Root cause symptoms. Each link in the chain represents something in the real
®Root cause analysis world. At one end of the chain is the root cause. At the other end
® Structure IS the symptoms it causes. The many links between the two ends

® Systemic are the intermediate causes.
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Thinking

Key concepts of systems thinking

, Analysis in the context of systems thinkir
® Analysis of the breaking down a complex problem

‘00t cause. At

:gausa I nain easler to solve problems. This requires a-
ausal loop diagraa
® FecdbacKkteQp
® Fundamental attsQution error | |
®| cverage point The path of influence running from a
®Root cause symptoms. Each link in the chain rep
®Root cause analysis world. At one end of the chain is the
® Structure Qe symptoms it causes. The many links betwee
® Systemic euqtermediate causes.
ST T
' Work
Population Output

Population Growth
Feedback Loop

Average Life Goods and
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g Is the process
INnto smaller
‘ormal process.

‘00t cause to problem
resents somethi

{

A collection of connected nodes and the feedlback loops created
by the connections. One or more of the nodes represent the

symptoms of the problem. The rest of the nodes are the causal
chains causing the problem.
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Key concepts of systems thinking
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Key concepts of systems thinking

® Analysis The tendency to blame the person rather

® Causal chain than the system is so strong psychologists

® Causal loop diagram ~  callit the “fundamental attribution error.”

® Fecdback loop /\\ -

® Fundamental attribution error

®Leverage point A place in a system’s structure where a solution

® Root cause | 777 element can be applied. It's a low/high leverage point
® Root cause analysis if 2 small amount of change force causes a small/

® Structure

® Systemic

\\\N\Iarge change In system behavior.
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Key concepts of systems thinking

® Analysis The tendency to blame the person rather

® Causal chain than the system is so strong psychologists

® Causal loop diagram ~  callit the “fundamental attribution error.”

® Fecdback loop /\\ -

® Fundamental attribution error

®Leverage point A place in a system’s structure where a solution
®Rootcause 777 element can be applied. It's a low/high leverage point
® Root cause anaiye!s if 2 small amount of change force causes a small/

® Structure

\\\N\Iarge change In system behavior.

® Systemic \ ~.

That portion of a system that, at the fundamental
evel, explains why the system’s behavior produces

\he problem symptoms rather than some other

behavior.
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Key concepts of systems thinking A class of problem solving methods aimed at identifying the root
® Analysis causes of problems or events. ... The practice of root cause analysis
® Causal chain s predicated on the belietf that problems are best solved by
® Causal loop diagram attempting to correct or eliminate root causes, as opposed to merely
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Key concepts of systems thinking A class of problem solving methods aimed at identifying the root
® Analysis causes of problems or events. ... The practice of root cause analysis
® Causal chain s predicated on the belietf that problems are best solved by
® Causal loop diagram attempting to correct or eliminate root causes, as opposed to merely
® -eedback loop Vdo’ress/ng the immeaiately obvious symptoms
® Fundamental attribution error
@[ everage point /\ -
® Root cause
® Root cause analysis
® Structure - The way In which parts are arranged and connected
® Systemic "~ to form a whole.
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Systems Thinking

Key concepts of systems thinking A class of problem solving methods aimed at identifying the root
® Analysis causes of problems or events. ... The practice of root cause analysis
® Causal chain s predicated on the belietf that problems are best solved by
® Causal loop diagram attempting to correct or eliminate root causes, as opposed to merely
® -eedback loop Vo’o’ress/ng the immediately obvious symptoms
® Fundamental attribution error )
® | cverage point /\ I
® Root cause
® Root cause analysis
® Structure - The way In which parts are arranged and connected
® Systemic \

~._ toform a whole.
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Popular Structure Patterns
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Spoke and Hub Circular Grid

Something affecting most or all of a system rather
_than a small portion of the system.




Systems Thinking

Key concepts of systems thinking
® Analysis
® Causal chain
® Causal loop diagram

-eedback loop

-undamental attribution error

_everage point

Root cause

Root cause analysis

® Structure

® Systemic

Avold the Superficial Solutions Trap ! Superficial Layer

Superficial Solution —» Low Leverage Point =3 Intermediate Cause —» Symptoms

Fundamental Solution —» High Leverage Point =—» Root Cause J Fundamental Layer
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A system and its environment connect together as a field, with links emerging a causal texture.

Ing, 2013
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Popular Structure Patterns
*—o—0 9

Structure . —\ Ll %
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. Spoke and Hub Circular Grid Web
Complexity f —

Complex Systems S v
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Thresholds - Tipping points | S e

Emerging Properties

Resllience and Panarchy
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The threshold is not where the  j 4 & %
boat goes over the edge, it is far RS 1
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the boat lose the option to get to .~ SNGS

\we shore.
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Complexity of a system expresses the degree to

Structure which components engage in organized structured
Feedback loops interactions. High complexity is achieved through a
Complexity - Mmixture of order and disorder having a high capacity
Complex Systems _ to generate emergent phenomena.
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Systems Science: Basic Concepts

Complexity of a system expresses the degree to

Structure which components engage in organized structured
Feedback loops interactions. High complexity is achieved through a
Complexity -~ mixture of order and disorder having a high capacity

Complex Systems Wte emergent phenomena.
Dynamical systerninc /

Threshlo\ds ] Tlpp!ng POIM= A new field of science studying how parts of a system
Emerging Properties

Resilience and Pz give rise 1o the collective behaviors of the system, and

Antifrailit how the system interacts with its environment.
ntiragiiity Social systems formed (in part) out of people, the brain formed out of

neurons, molecules formed out of atoms, the weather formed out of
air flows are all examples of complex sysz‘ems,//
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Systems Science: Basic Concepte | |
' Dynamical systems: an ensemble of particles

whose state varies over time and thus obeys
differential equations involving time derivatives.

Structure
Feedback loops Prediction about the system’s future behavior can be made
Comp\exity based on an analytical solution of the equations or their

Complex Systems Integration over time (e.q., through computer simulations).
Dynamical SVSJFG'”".'D' | Dynamical systems can be used for approximations of “real-
Thresholds - Tipping points world” systems and subsystems.

Emerging Properties | o
[f appropriate equations are not available, other approximations

Regl\lenge and Panarchy \.can be used to represent the dynamical system.
Antifragility S
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Structure
Feedback loops
Complexity
Complex Systems

Dynamical systems: an ensemble of particles
whose state varies over time and thus obeys
differential equations involving time derivatives.

Prediction about the system's future behavior can be maade
based on an analytical solution of the equations or their
integration over time (e.q., through computer simulations).

—y

Dynamical SVSJFG'”'"'D‘ | Dynamical systems can be used for approximations of “real-
Thresholds - Tipping points world” systems and subsystems.

Emerging Properuas

Resilience and Panarcr.’

Antifragility

[f appropriate equations are not available, other approximations
\.can be used to represent the dynamical system.

\\
Dissipative (structures) systems are nonequilibrium thermodynamic systems that
generate order spontaneously by exchanging energy with their external
environments. When the flow of energy and matter through them increases, they
may go through new instabilities and transform themselves into new structures of
Increased complexity. Dissipative structures grow more complex by exporting, or

dissipating, entropy into their environment. Prigogine (1967)
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Structure |

A property which a (complex) system has, but
-eedback loops R NN
Complexity whnicn the Individual memboers do Not have.

Complex Systems
Dynamical systems
Thresholds - Tipping point

A failure to realize that a property iIs emergent, or supervenient,
leads to the fallacy of division.

Emerging rivperties Ihe knowledge of the different types of emergence Is essential if
Resilience and Panarchy ~ we want to understand and master complex systems in science
. o and engineering, respectively
Antifragility
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A property which a (complex) system has, but
-eedback loops R NN
Complexity whnicn the Individual memboers do Not have.

Complex Systems
Dynamical systems
Thresholds - Tipping point

A failure to realize that a property iIs emergent, or supervenient,
leads to the fallacy of division.

Emerging rivperties Ihe knowledge of the different types of emergence Is essential if
Resilience and Panarchy ~ we want to understand and master complex systems in science
. o . and engineering, respectively
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