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Earth (Gaia) as a System of Systems
System Description
Abstract
Today, we live in a complex biological, cognitive, social, and ecological world where the problems we face are
systemic and interdependent. Changes in one area can have a global impact as we have seen with the Covid-19
Virus Pandemic. More than ever, we need to understand the systems and their interactions that are causing
these systemic problems to ensure that any changes to these systems will resolve the systemic problems and
not create unintended consequences..
The system-of-interest for this System Description is the Earth (Gaia).
This System Description attempts to provide a systems view of the Earth (Gaia) that provides a way to:
n identify which systems are interacting to create the systemic problems we are seeing
n provide a scalable systems approach that can be used globally or locally.
n identify where to make changes to the appropriate systems to resolve the systemic problems.
To achieve this 'systems view of the Earth (Gaia)', this document integrates the work of a number of authors into
a coherent system description of the Earth. The following are the key references used in this synthesis:
n System Science and System Engineering,
n Peter Checkland, Systems Thinking, Systems Practice
n Kate Raworth, Doughnut Economics
n Fritjof Capra and Pier Luigi Luisi, The Systems View of Life
n James Martin, The Great Transition
This document uses the system description layout to describe the Earth as a system of systems.
PDF: System Description: Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)
Author and Version
Bruce McNaughton Version 0.20, 07-January-2023 (working)
Contents
Introduction
System Concepts
System Leverage Points, Donella Meadows
Dancing with Systems, Donella Meadows
System Classification
Doughnut Concepts
System Name and Class
System Purpose
Earth Charter, launched June, 2000
Principles of Sustainability, Donella Meadows
Principles of Permaculture
Principles of Ecology
System Properties
Planetary Boundaries
Sustainable Development Goals
Ecological Footprint
Exchange of Value
Global Reporting Initiative (GRI)
Health and Resilience
System Stakeholders and Concerns
System Environment (Context)
System Structure (Pattern of Organization)
Systems: Earth
Page 1 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

6
7
9
9
9
10
12
13
13
14
14
14
15
17
19
19
20
21
21
22
24
25
26

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)

Ecological System (Ecosystem)
Ecosystem Services
Systems: Society
System Description: Society
Systems: Economy
Human Activity Systems
Circular Concepts
Common-pool Resource
Human Activity Infrastructure Services
Human Activity Ecosystems
System Behavior (Structural Changes)
Configuration / Scenario: for the option or system-of-interest
Cyclical (Repeating / Regular) Processes
Biogeochemical Cycle Types
Development Life Cycle Processes
References
References: Big Picture
System Thinking Core
General System Theory, Ludwig von Bertalanffy
Fifth Discipline, Peter M. Senge
Re-Creating the Corporation, Russell Ackoff
Systems Thinking, Systems Practice, Peter Checkland
Thinking in Systems, Donella H. Meadows
On Dialogue, David Bohm
On Purposeful Systems, Russell L. Ackoff and Fred E. Emery
Principles of Systems Science, George E. Mobus, Michael C. Kalton
Essential Architecture and Principles of Systems Engineering, C. E. Dickerson, Siyuan Ji
Living Systems
The Systems View of Life, Fritjof Capra and Pier Luigi Luisi
The Hidden Connections, Fritjof Capra
The Turning Point, Fritjof Capra
The Embodied Mind, Francisco J. Varela, Evan Thompson, Eleanor Rosch
Ecological Economics and Ecological Worldview
Doughnut Economics, Kate Raworth
Beyond Growth, Herman E. Daly
Stockholm Resilience Centre
Small is Beautiful, E. F. Schumacher
Governing the Commons, Elinor Ostrom
Kenneth Boulding
Natural Capital, Dieter Helm
Designing Regenerative Cultures, Daniel Christian Wahl
The Great Transition: Using the Seven Disciplines of Enterprise Engineering, James Martin
Ellen MacArthur Foundation
Transformative Ecological Economics, Ove Jakobsen
References: Earth
The Physics of Living Systems, Fabrizio Cleri
Ecosystem Services, Mark Everard
Animate Earth, Stephan Harding
Earth System Science, Tim Lenton
Gaia, James Lovelock
Environmental Engineering, James R. Hihelcic, Julie Beth Zimmerman
Page 2 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

27
28
30
35
40
42
46
47
48
52
54
54
54
55
55
56
56
56
56
56
57
57
57
57
57
57
57
57
57
58
58
58
58
58
58
58
58
58
59
59
59
59
59
59
59
59
59
60
60
60
60

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)

References: Society
Person
The 7 Habits of Highly Effective People, Stephen R. Covey
Frames of Mind, Howard Gardner
Emotional Intelligence, Daniel Goleman
Who do we choose to be? Margaret J. Wheatley
Neuroplasticity, Moheb Costandi
The Feeling of What Happens, Antonio Damasio
The Strange Order of Things, Antonio Damasio
Social System
The Social System, Talcott Parsons
The New Peoplemaking, Virginia Satir
Family Systems Therapy, Elsa Jones
Introduction to Systems Theory, Niklas Luhmann
Communication Power, Manuel Castells
Power and Love, Adam Kahane
Business without Bosses, Charles C. Manz and Henry P. Sims, JR.
The 7 Habits of Highly Effective People, Stephen R. Covey
Management Core
Management: Tasks, Responsibilities and Practices, Peter Drucker
Built to Last, Jim Collins and Jerry I. Porras
Leadership Plain and Simple, Steve Radcliffe
Organizational Culture and Leadership, Edgar H. Schein
Leadership and the New Science, Margaret J. Wheatley
SCRUM: The Art of Doing Twice the Work in Half the Time, Jeff Sutherland
A New Psychology for Sustainability Leadership, Steve Schein
The Management Shift, Vlatka Hlupic
The Puritan Gift, Kenneth Hopper and William Hopper
Organizational Design Core
Organization Design, Jay Galbraith
Competing by Design, David A. Nadler and Michael L. Tushman
Requisite Organisation, Elliott Jaques
Change
Managing Successful Programmes, MSP.
PRINCE2
Competitive Engineering, Tom Gilb
System Description: Society
References: Economy
The Value of Everything, Mariana Mazzucato
Owning Our Future, Marjorie Kelly
Saving Capitalism, Robert Reich
Reinventing Fire, Amory B. Lovins
The Third Industrial Revolution, Jeremy Rifkin
The Zero Marginal Cost Society, Jeremy Rifkin
Natural Capitalism, Paul Hawken, with Amory Lovins and L. Hunter Lovins
Drawdown, Paul Hawken
Adaptive Enterprise, Stephan Haeckel
Competitive Engineering, Tom Gilb
Rethink the Bins, Julia L F Goldstein, PhD
Enterprise Core
Competitive Advantage, Michael E. Porter
Page 3 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

60
60
60
60
60
60
61
61
61
61
61
61
61
61
61
61
62
62
62
62
62
62
63
63
63
63
63
63
63
63
63
63
64
64
64
64
64
64
64
64
64
64
65
65
65
65
65
65
65
65
65

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)

Adaptive Enterprise, Stephan Haeckel
Lean Thinking, James P. Womack and Daniel T. Jones
Business Dynamics, John D. Sterman
Cradle to Cradle, Michael Braungart, William McDonough
Material Value, Julia L F Goldstein, PhD
Architecture / Design Core
Architecting Systems, Hillary Sillitto
UML 2 and the Unified Process, Jim Arlow and Ila Neustadt
Applying UML and Patterns, Craig Larman
SysML for Systems Engineering, Jon Holt and Simon Perry
Diagnosing the System for Organizations, Stafford Beer
The Fractal Organization, Patrick Hoverstadt
The Compass Project, The Compass Club
Object-Oriented Analysis and Design, James Martin and James J. Odell
Unified Modeling Language (UML)
UML Modeling Conventions

66
66
66
66
66
66
66
66
66
66
67
67
67
67
67
67

Revision History
V0.20 07-January-2023 Revise Embedded Economy Models to align with all other models.
V0.19 15-November-2022 Added Human Activity Habitat in Ecosystem model to connect Human Activity to
Ecosystems.
V0.18 25-June-2022 Add initial SD for Society as a defined system. Provides the values and beliefs for the economic systems.
V0.17 24-April-2022 Use Sys Classification colours all models; use simpler social system model
V0.16 13-March-2022 Incorporate Hofstede's Elements of Cultural Dimensions Theory (Edgar Schein).
V0.15 30-December-2021 Add SoI = Earth in Abstract. Various edits.
V0.14 21-November-2021 Align to Economic System. Refine all HAS and HAIS purposes.
V0.13 17-August-2021 Updated after reading the ISSS Contributions to the Future World.
V0.12 25-January-2021 various edits and Revised HAES Models
V0.11 12-December-2020 Integrated References across the set of system descriptions.
V0.10 10-August-2020 Additional economic considerations: value, ownership, government role.
V0.9 26-June-2020 Added concept of HAES and City-Region. The City-region (HAS) is a multi-dimensional
SoS.
V0.8 09-May-2020 Revised System Properties, System Behaviour (initial start) and some infrastructure services.
V0.7 28-April-2020 Revised Economy diagrams
V0.6 20-April-2020 Links to Ecological Economics and Environmental Economics.
V0.5 18-April-2020 Added system contribution to SDG (initial pass) where appropriate.
V0.4 16-April-2020 Improved Stakeholder, Society and Infrastructure Sections
V0.3 13-April-2020 Integration of Doughnut and System Description.
V0.2 24-July-2018 Update based upon Living Systems from the Capra Course
V0.1 20-March-2018 First initial review of draft.
V0.0 17-March-2018 Initial draft based upon new models.
Acknowledgments
I sincerely appreciate the conversations and dialogues that shaped my thinking:
First Capra Course Study Group: Dave Cole, Seymour Hersh, Drew McNaughton
INCOSE UK: Duncan Botting, Hillary Sillitto, Simon Perry, Stephen Powley
Ent Arch: Peter Murchland, Tom Graves, Leonard Fehskens, J. D., Sally Bean, Rich Hilliard (ISO 42010)
STN: Gene Bellinger, Geoff Elliott
GilbFest: Tom Gilb, Will Hopper, Trevor Lea-Cox, Jeff Sutherland
ONS: Ben Humberstone, Ian Cope
Fritjof Capra: the Capra Course and the opportunity to help create a glossary (Rosetta Stone).
Page 4 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)
Oxford Martin School: Kate Raworth, Lord Nicholas Stern, Myles Allen
UML: .Jim Arlow, Ila Neustadt, Craig Larman
Leadership / PPM: Meg Wheatley, Andy Murray, Craig Kilford..
Insipirations: Peter Drucker, Jay Galbraith, Russell Ackoff, Donella Meadows

Page 5 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)

Introduction
Today, we live in a complex biological, cognitive, social, and ecological world where the problems we face are
systemic and interdependent. Changes in one area can have a global impact as we have seen with the Covid-19
Virus Pandemic. These problems can be seen in a model from The Systems View of Life, by Fritjof Capra (Figure 17.1 page 364):

This analysis shows the impact of human activity on the Earth and the resulting type of challenges that this
brings to the Earth ecosystems. Today, this picture can be updated to show additional factors such as a pandemic and the impact on the infrastructure needed to support human life support systems or infrastructure to
support human activity (health systems, energy systems, transportation systems, etc).
More than ever, we need to understand the systems that are causing these systemic problems to ensure that
any changes to these systems will resolve the systemic problems and not create unintended consequences.
Failure to understand the systems and their changes can waste valuable time or create undesired or unanticipated consequences that may be more challenging to resolve.
Today, we also have many approaches and silver bullets that propose solutions to the systemic problems; however many of the proposed solutions only address a part of the problem rather than the bigger picture. These
solutions may also use their own terminology and concepts.
The system-of-interest for this System Description is the Earth (Gaia).
This System Description attempts to provide a systems view of the Earth (Gaia) that provides a way to:
n identify which systems are interacting to create the systemic problems we are seeing
n provide a scalable systems approach that can be used globally or locally.
n identify where to make changes to the appropriate systems to resolve the systemic problems.
To achieve this 'systems view of the Earth (Gaia)', this document integrates the work of a number of authors into
a coherent system description of the Earth. This system description provides references to the various references and their integration into a whole view.
The following are the key references used in this synthesis:
n System Science and System Engineering,
n Based upon authors such as, Russell Ackoff, Hillary Sillitto, Ludwig von Bertalanffy, etc.
n

Peter Checkland, Systems Thinking, Systems Practice
n System Classification
n Human Activity System

n

Kate Raworth, Doughnut Economics, integrating
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n

n

The Doughnut Model, integrating
n Planetary Boundaries, Stockholm Resilience Center
n United Nations Sustainable Development Goals

n

The Embedded Economy Model

Fritjof Capra and Pier Luigi Luisi, The Systems View of Life
n Characteristics of living systems
n Systems Concepts for:
n Cells
n Organisms
n Social Systems
n Ecosystems

Once we have a good understanding of the current systems and their interactions can we start to address the following question:
"In order to achieve the United Nations Sustainable Development goals by 2030 or
achieve Net-Zero Green House Gas emissions by 2050, which systems need to change,
what changes are required and what is the order of the changes to be made."
PDF: System Description: Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)

System Concepts
What is a system?
The following definitions of system and architecture are being used:
n
n

n

n

ISO 9000:2015: System: set of interrelated or interacting elements
ISO 15288:2015: System: combination of interacting elements organized to achieve one or more stated
purposes
INCOSE 2019: A system is an arrangement of parts or elements that together exhibit behavior or meaning that the individual constituents do not.
ISO 42010:2011: Architecture: [of a system] fundamental concepts or properties of a system in its environment embodied in its elements, relationships, and in the principles of its design and evolution

What is a system description?
The focus for this System Description is the System-of-Interest. The system-of-interest can be described using a
System Description.
The System Description includes the following sections representing views of the system-of-interest:
o System Name and Class
o System Purpose
o System Properties
o System Stakeholders and their concerns
o System Environment (Context)
o System Structure (Pattern of Organization)
o System Behavior (Structural Changes)
o References
The system description provides a number of different views of the system that addresses a number of stakeholders concerns. This system description can then be used to help structure temporal architecture descriptions
of the system-of-interest. This structure has been derived from the following authors: Ludwig von Bertalanffy,
Fritjof Capra, Peter Checkland, International Standards and INCOSE System Scienc Papers using the Principles of System Science from George Mobus and Michael Kalton. The document structure is supported by a
system architecture framework that describes each section as a view of an architecture description.
This document uses the structure of the System Description to describe the Earth (Gaia) as a System of Systems.

What are the modeling Conventions?
Page 7 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)
The Unified Modeling Language (UML) is used to create the models used in this document. See the reference
section for examples of the UML Modeling Conventions.
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System Leverage Points, Donella Meadows
Leverage Points
Places to intervene in a system
(in increasing order of effectiveness)
9. Constants, parameters, numbers (subsidies, taxes, standards).
8. Regulating negative feedback loops.
7. Driving positive feedback loops.
6. Material flows and nodes of material intersection.
5. Information flows.
4. The rules of the system (incentives, punishments, constraints).
3. The distribution of power over the rules of the system.
2. The goals of the system.
1. The mindset or paradigm out of which the system — its goals, power structure, rules, its culture — arises.
Dancing with Systems, Donella Meadows
Dancing with Systems
Seeing the System
The Dance
This section identifies the system properties. Suggested headings have been included. These can be tailored..
1. Get the beat.
2. Listen to the wisdom of the system.
3. Expose your mental models to the open air.
4. Stay humble. Stay a learner.
5. Honor and protect information.
6. Locate responsibility in the system.
7. Make feedback policies for feedback systems.
8. Pay attention to what is important, not just what is quantifiable.
9. Go for the good of the whole.
10. Expand time horizons.
11. Expand thought horizons.
12. Expand the boundary of caring.
13. Celebrate complexity.
14. Hold fast to the goal of goodness.

System Classification
Peter Checkland's System Classification System
Peter Checkland includes a system classification approach in his book Systems Thinking, System Practice. The
following form the top level set of systems in this classification scheme:

The system classification system is described in the book from page 102 to page 122. Figure 4, page 112 highlights the 5 system classes. These classes are used as a top level classification for system types.
Link to the Top System Classifications PDF
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Russell Ackoff's System Classification
The following types of systems comes from Re-Creating the Corporation
n Deterministic System
n Animated System
n Social System
n Ecological System.
. The systems that have been identified using this classification system are shown in the diagram below:

Note: that all of the types of systems are based upon a single definition and model of system. Each system inherits the single definition of system.

Doughnut Concepts
This document uses two of the diagrams contained in the book Doughnut Economics, by Kate Raworth, 2017.
These are:
n The Doughnut Model
n The Embedded Economy Model
These models will be analyzed in detail in this paper in later sections. This section provides an overview of how
these two models relate together.
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The Doughnut model on the right is best understood as a way to visualize the various system properties at a
point in time. The Embedded Economy model on the left hand side represents the parts or components in the
Earth as the system-of-interest. The systems are identified in the System Structure section of the system
description, the behaviour of the systems is described in the System Behaviour section of the system description and the systemic properties are identified in the System Properties section of the system description.
The types of systems found in the System Structure section are found in the system classification section of this
document. This is an evolving list of identified system types.
Here is an example using Jeremy Rifkin's 3 industrial revolutions to show the way the Doughnut changes based
upon the various systems used at a specific time.

This shows that in the first industrial revolution the Earth may not have experienced the full impact of the energy
used. In the second industrial revolution with the addition of fossil fuel and the increase in utilization, the Earth
planetary boundaries are being exceeded. The third industrial revolution has the potential of bringing the Earth
Systems into a safe and just space for humanity.
Page 11 of (69) Date: Version 0.20, 07-January-2023 (working)
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System Name and Class
This section identifies the system of interest for this system description
Name: Earth or Gaia
Based on: Natural System
The following picture shows the scope of this system-of-interest.

This system description can be tailored by changing the name of the system-of-interest to a different scope. For
example, the scope could be:
n Nation or Group of Nations
n Region
n City-Region
n Neighborhood.
This scope primarily establishes the boundary of the underlying ecosystem from the planet. This scope establishes a geographical boundary / membrane around the specified system-of-interest. The name of this scope
would then replace the term 'Earth' on the Embedded Economy model with the name of the system-of-interest.
If the scope changes, the following changes would need to be made:
n The System Purpose would change
n The System Stakeholders section would change
n The System Environment section would change
n The System Behavior section would change
The logical models found in the Structure section would not change as they are independent of any physical
implementation.
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System Purpose
This section includes the stated or implied purposes of the system-of-interest
Over the billions of years of development of the Earth as a system, the Earth has evolved into a living system as
defined by James Lovelock and Lynn Margulis. In this state, the purpose of the Earth is to:
n sustain life on the Earth.
In addition, the Earth carries out a role in the solar system. This role supports the balancing of orbits of the planets in the solar system.
Purpose and Human Activity
For the human activity systems included in the system-of-interest, there may be other purposes that relate to the
system. (See tailoring in the Name Class Section).
The influence of the human activity systems would include the following:
n Vision
n Values and Beliefs
n Principles
These elements would form a part of the Culture of the human activity of the system-of-interest based upon an
ecological worldview.
Some of the key principles that underpin human activity purpose and an ecological worldview are found in the
Earth Charter.

Earth Charter, launched June, 2000
The Earth Charter establishes a set of principles for creating a sustainable world.
I. RESPECT AND CARE FOR THE COMMUNITY OF LIFE
1. Respect Earth and life in all its diversity.
2. Care for the community of life with understanding, compassion, and love.
3. Build democratic societies that are just, participatory, sustainable, and peaceful
4. Secure Earth's bounty and beauty for present and future generations.
II. ECOLOGICAL INTEGRITY
5. Protect and restore the integrity of Earth's ecological systems, with special concern for biological diversity
and the natural processes that sustain life.
6. Prevent harm as the best method of environmental protection and, when knowledge is limited, apply a precautionary approach See: Text.
7. Adopt patterns of production, consumption, and reproduction that safeguard Earth's regenerative capacities, human rights, and community well-being.
8. Advance the study of ecological sustainability and promote the open exchange and wide application of the
knowledge acquired.
III . SOCIAL AND ECONOMIC JUSTICE
9. Eradicate poverty as an ethical, social, and environmental imperative.
10. Ensure that economic activities and institutions at all levels promote human development in an equitable
and sustainable manner.
11. Affirm gender equality and equity as prerequisites to sustainable development and ensure universal
access to education, health care, and economic opportunity.
12. Uphold the right of all, without discrimination, to a natural and social environment supportive of human
dignity, bodily health, and spiritual well-being, with special attention to the rights of indigenous peoples and
minorities.
IV. DEMOCRACY, NONVIOLENCE, AND PEACE
13. Strengthen democratic institutions at all levels, and provide transparency and accountability in governance, inclusive participation in decision making, and access to justice.
14. Integrate into formal education and life-long learning the knowledge, values, and skills needed for a sustainable way of life.
15. Treat all living beings with respect and consideration.
16. Promote a culture of tolerance, nonviolence, and peace.
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Principles of Sustainability, Donella Meadows
Five Principles of Sustainability have been identified by Donella Meadows.
1. Renewable resources shall not be used faster than they can regenerate.
2. Pollution and wastes shall not be put into the environment faster than the environment can recycle them
or render them harmless.
3. Non-renewable resources shall not be used faster than renewable substitutes (used sustainably) can be
developed.
4. The human population and the physical capital plant have to be kept at levels low enough to allow the first
3 conditions to be met.
5. The previous 4 conditions have to be met through processes that are democratic and equitable enough
that people will stand for them.
NOTE: Based upon the work of Herman Daly.

Principles of Permaculture
The following are principles of Permaculture:
n
n
n
n
n
n
n
n
n
n
n
n

Observe and interact.
Catch and store energy.
Obtain a yield.
Apply self-regulation and accept feedback.
Use and value renewable resources and services.
Produce no waste.
Design from patterns to details.
Integrate rather than segregate.
Use small and slow solutions.
Use and value diversity.
Use edges and value the marginal.
Creatively use and respond to change.

Principles of Ecology
The following Principles of Ecology come from the book Hidden Connections by Fritjof Capra, Page 231.
Networks
At all scales of nature, we find living systems nesting within other living systems -- networks within networks.
Their boundaries are not boundaries of separation but boundaries of identity. All living systems communicate
with one another and share resources across their boundaries.
Cycles
All living organisms must feed on continual flows of matter and energy from their environment to stay alive, and
all living organisms continually produce waste. However, an ecosystem generates no net waste, one species
waste being another species' food. Thus matter cycles continually through the web of life.
Solar Energy
Solar energy, transformed into chemical energy by the photosynthesis of green plants, drives the ecological
cycles.
Partnership
The exchanges of energy and resources in an ecosystem are sustained by pervasive cooperation. Life did not
take over the planet by combat but by cooperation, partnership and networking.
Diversity
Ecosystems achieve stability and resilience through the richness and complexity of their ecological webs. The
greater their biodiversity, the more resilient they will be.
Dynamic Balance
An ecosystem is a flexible, ever-fluctuating network. Its flexibility is a consequence of multiple feedback loops
that keep the system in a state of dynamic balance. No single variable is maximized, all variables fluctuate
around their optimal values.

Page 14 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)

System Properties
This section identifies the system properties. Suggested headings have been included. These can be tailored.
System properties Overview
In system terms, System Properties are emergent through the interaction of the parts. Today, for example, when
we measure a global Gross Domestic Product (GDP) or the concentration of CO2 in the air, there are a number
of systems that interact to create these conditions that we can measure. These properties may relate to aspects
of planetary health or prosperity.
There are a number of competing goals for measuring the health and wealth of the world. The key measure for
the Economy is the GDP while the key measurement of the health of the planet is the CO2 Concentration in the
air. The safe limit is 350 ppm. Today we are measuring over 400 ppm CO2 concentration in the air. These two
measures do not provide a whole system view of the health and state of the planet.
The Doughnut model provides a balanced view of both the health of the planet and the well-being of the people
living on the planet. This is forming a type of balanced scorecard for the Earth. This Doughnut model is
described in the book Doughnut Economics by Kate Raworth. This model is used to identify the key planetary
systemic properties.

In terms of measuring each of the properties, measurement processes are necessary. This process (From Tom
Gilb, CE) identifies:
n the scale and units of measure
n the method for measuring
n benchmarks and targets for a value on the scale
n any constraints or conditions on the values.
Systemic Measurable Variables
The traditional systemic variables are:
Earth
n CO concentration in the atmosphere
2
n Net GHG produced (all sources, including SF )
6
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n

Temperature rise from baseline

Society
n Population by species.
n Carrying capacity of the Earth by population (constraint).
Economy
list to be refined.
n Gross Domestic Product (GDP)
n Balance of Payments (BP)
n Number of People employed
n Price Index
n R & D Investments
n Number of Startup organizations.
n National debt
n Loans outstanding.
n Noise Quality / Pollution
n Air Quality / pollution
n Total Energy Produced
n Total Energy Consumed
NOTE: there is the 'measured' economy and the 'unmeasured (LETS) or black market' Economy.
The variables beyond the Ecological Ceiling are called Planetary Boundaries
The variables inside the Social Foundation are derived from the United Nations Sustainable Development
Goals.
At a point in time, these measurements provide a snapshot of the state of the Earth. Here is an example:

These systemic properties are generated through the interaction of the Earth Systems.
These systemic properties also provide a view of the health and well-being of the planet.
Systemic Capabilities or Functions
Some of the capabilities of the system relate to the types of systems:
Earth
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n

Ecosystem Services

Society
n Social systems and human activity systems along with designed systems
Economy
Human Activity Systems that form the social systems of the economy.
Human Activity Infrastructure Services to be delivered either in a market or commons setting.
Market
n Goods, services and infrastructure services provided through a market arrangement defined by the
state
n Example: Health Services in the USA
Commons
n Goods, services and infrastructure services provided for the common good as defined by the state.
n Example NHS in the UK.

System States
n
n

n

Current State: Current State of the systemic properties
Emergent Future State: The state of the planet that is emerging from human activity in the anthropocene.
Ideal Future State: Living within the safe and just space for humanity within the Doughnut.

Systemic Quality Properties
n
n
n
n

Health
Prosperity
Wealth
Well-being

System Quantity Properties
n

Quantities of natural resources available on the planet (finite resources from the planet)
n Amount of Land and Water.

n

Weight and mass of the Earth
Average Energy Consumption per Household.
Average Energy Produced per day (or time of day). (by the energy system).

n
n

Planetary Boundaries
The Stockholm Resilience Center has established the concept of Planetary Boundaries that is used in the
Doughnut. The planetary boundary model is shown below:
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The diagram above includes the latest names for the boundary areas. The corresponding names in the Doughnut reflect the original planetary boundary names.
Selection of Planetary Boundaries
Ten Years of using planetary boundaries
The original Planetary Boundaries used the same number of boundaries however some of the names of the
boundaries have taken on new names.
Here are some of the changes:
n Novel Entities relates to Chemical Pollution
n Biogeochemical processes relates to nitrogen and phosphorus loading
n Biosphere integrity relates to Biodiversity Loss
n Aerosol Loading relates to Air Pollution
In addition, there are three boundaries that represent planetary tipping points (using doughnut names):
n Climate Change
n Ocean Acidification
n Ozone Layer Depletion
The other 6 areas are part of the regulation processes or operate at an ecosystem scale. Any of these other 6
can influence or increase the chance of tipping points in the other areas.
There is a short course on Edx to learn about the Planetary Boundaries.
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Sustainable Development Goals

The definition of Sustainability from the Brundtland Report is as follows:
Humankind has the ability to achieve sustainable development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.
In 2015, the United Nations Sustainable Development Goals to be achieved by 2030. These are:
Goal 1. End poverty in all its forms everywhere
Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture
Goal 3. Ensure healthy lives and promote well-being for all at all ages
Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all
Goal 5. Achieve gender equality and empower all women and girls
Goal 6. Ensure availability and sustainable management of water and sanitation for all
Goal 7 Ensure access to affordable, reliable, sustainable and modern energy for all
Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive employment and
decent work for all
Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation
Goal 10. Reduce inequality within and among countries
Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable
Goal 12. Ensure sustainable consumption and production patterns
Goal 13. Take urgent action to combat climate change and its impacts*
Goal 14. Conserve and sustainably use the oceans, seas and marine resources for sustainable development
Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss
Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to justice for
all and build effective, accountable and inclusive institutions at all levels
Goal 17. Strengthen the means of implementation and revitalize the Global Partnership for Sustainable
Development
* Acknowledging that the United Nations Framework Convention on Climate Change is the primary international, intergovernmental forum for negotiating the global response to climate change.
Each of the goals has a more detailed definition of sub-goals, actions and targets to achieve the goals.
The United Nations Sustainable Development Goals can be found here.

Ecological Footprint
The Ecological Footprint is an initiative from the Global Footprint Network to establish measures for the state of
the biosphere.

Page 19 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)
Ecological footprint analysis measures the human impact on Earth’s ecosystems. Our ecological footprint is calculated in terms of the amount of land and sea that would be needed to sustainably yield the energy and materials we consume. According to the Global Footprint Network, at our current numbers and current rate of
consumption we humans would need 1.5 Earths’ worth of resources to sustainably supply our current appetites.
The stated purpose is to:
"Ecological Footprint accounting measures the demand on and supply of nature."
The sources for the information come from: countries, local leaders, individuals.
Underneath the outputs is a large database of information collected over a number of years.
This helps both at an Earth level and at an ecosystem level.

Exchange of Value
Every open system has an exchange of matter, energy and information with other systems or the environment.
This exchange of matter, energy and information is necessary to ensure that the system achieves its purpose.
This exchange of matter, energy and information is a fundamental system attribute for any system in the earth
system of systems.
Some organisms are able to place a unique value on the exchange of matter, energy or information. Each living
organism can place a value on the giving or receiving of this matter, energy or information. This value influences
behaviours within communities of species.
Ecological values and principles have formed the basis of this value exchange during the evolution of the earth.
The basic principles and guides for this are stated in the Ecological Principles.
Human beings have placed additional meaning to the value of this exchange through the quantification of value
through a form of value exchange. Eventually this has become the basis for economic systems.
There are a number of ways to establish economic systems. All economic systems are based upon the way
value is exchanged between the producers
This system description includes the Embedded Economy. This economy is part of society, and the finite earth.
In this case, the economic system takes on the values of society to shape the way value is produced and consumed and then utilizes the ecosystem services that are provided from the earth.
Each living system has a value proposition for its value exchange. These can be found with each of the System
Description: Of particular interest are those related to human activity:
n The Person
n

The Social System

n

The Enterprise

n

The Household

n

The Economic System

Each system identified above plays a major part in the exchange of value within the earth systems.

These types of elements go into a business case that helps understand the value of the product or service.

New section to add. (to include information from Mariana Mazzucato and the Value of Everything.
along with Natural Capitalism Paul Hawken.

Also, labor value theory or embodied energy value theory
Also relates to the modern monetary theory.
Including a better way to consider assets and place a value on:
n Ecosystem Services
n Infrastructure Services
Note: The UK Green Book provides various ways to include economic values for the above. This will be
explored in this section.
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Global Reporting Initiative (GRI)
The Global Reporting Initiative (GRI) is an organization that is founded on the goal of transparent sustainability
reporting. The GRI provides a set of standards to ensure consistency in reporting.
These standards cover some of the key areas of the Doughnut.

Health and Resilience
New section to add. (to include information about health and resilience
Key Concept: Dynamic Balance; Homeostasis
Emergence of new states of change from times of instability / crisis
Limits of resilience
Earth.
Tipping points
Society.
Tipping points
Economy
Tipping points
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System Stakeholders and Concerns
The Stakeholders and their concerns or interests in this system-of-interest are described in this section.
All living organisms on the planet
n

Will the Earth be able to sustain life in the future and for future generations of our species?

Stakeholders by Type of System in the Embedded Economy Model.
Whole System Model
NOTE: possibly identify a multi-disciplined core curriculum across all areas of the embedded economy mode
(for example Ecological systems thinking, Ecoliteracy, Ecological Worldview)l. (currently only by embedded economy layers.)
Earth
The following stakeholders from the following disciplines have interest and concerns about the system-ofinterest:
Earth Science
Geology, Meteorology (Climatology), Oceanography, Astronomy, Earth System Science
Systems Science
Complex systems, cybernetics, dynamical systems theory, Information Theory, Linguistics, Systems Theory
Life Science
Biology, Zoology, Botany, Genetics, Molecular Biology, Biochemistry, Cytology, Ecology, Systems
Ecology, Deep Ecology
Environmental Engineering
Physical Science
Chemistry, Materials Science, Physics, Astrophysics
Mathematical Science
Computer Science, Computational Science, Data Science, Population Genetics, Operations
Research, Control Theory, Fluid Mechanics, Theoretical Physics
These stakeholders all are asking questions related to their areas of interest in terms of:
n how do the Earth systems work?
n how was the planet created?
n Is there a core set of subjects that all of the above must understand?
Society
The following stakeholders from the following disciplines have interest and concerns about the system-ofinterest:
Social Science
Anthropology, Archeology, Geography, History, Psychology, Sociology
Cognitive Science
Neuroscience, Anthropology, Linguistics, philosophy
Engineering Science
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Electrical, Mechanical, Systems, Civil, Chemical, Computer, Biomedical, Industrial, Aerospace
and Aeronautical, and many others.
These stakeholders are asking questions related to their areas of interest in terms of:
n how do organisms think and communicate?
n how do organisms maintain their health?
n how are social systems formed?
n how do values and beliefs influence actions and behavior?
n how do these social systems change and evolve?
Economy
The following stakeholders from the following disciplines have interest and concerns about the system-ofinterest:
Social Science
Economics, Law, Politics, Psychology, Sociology
Business Management.
Accounting, Management, Quality HR, OD, etc
The following stakeholders from the following disciplines have interest and concerns about the system-ofinterest:
n
n
n
n
n
n
n
n
n
n
n
n

Economists
Managers
Specialist Managers (Quality, Sustainability, Corporate Social Responsibility (CSR))
Politicians
Family members
Bankers
Volunteers
Engineers
Architects
Health workers
Shop workers
etc.

These stakeholders are asking questions related to their areas of interest in terms of:
n What changes do we need to make to keep the conditions for life in the 'safe and just space for humanity?
n What systems need to change?
n When do these changes need to be made?
n How do we make commitments to help achieve the United Nations Sustainable Development Goals?
n What is the strategy we can take to support the achievement of the goals
n Do we have the correct leaders representing our interests?
n How do we achieve a good state of well-being, happiness and health?
n Are there sufficient opportunities for meaningful work?
n Will this bring in sufficient compensation to live on?
n Can I help contribute to the health of the community?
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System Environment (Context)
The following picture provides a context for the Earth as a System-of-Interest.

The immediate context for the Earth is the current solar system. The wider environment includes the whole universe.
There are a number of influences on the Earth in its solar system environment:
n Gravity
n From the Sun
n From the moon
n From the other planets
n
n
n
n

Sunlight
Solar Flares
Temperature (outside of the atmosphere)
Other objects (meteors, space debris, comets, cosmic rays, stellar matter, etc)

There are a number of influences on the Earth in its universe environment
n Star formation and destruction
n Extraterrestrial life?
Notes:
Today, the Economy is considered a standalone system. As a result, this section would contain 'Externalities'.
Externalities are considered outside the scope of the economy and are not taken into account in the functioning
of the economy. In this model of the Earth, only those externalities that are outside of the planet are included in
this section. This places the economy in a finite planet that must take into account all of the triggers (see the
behavior section) that occur naturally in the Earth.
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System Structure (Pattern of Organization)
The system structure or pattern of organization represents a logical model of the systems for the system-ofinterest. This logical model is independent of any specific physical realization of any of the systems. This logical
model may also be called a conceptual model of the system-of-interest.
System Element: Identification and Relationships
The embedded economy model from Kate Raworth, 2017

Kate Raworth has stated that the concept of this model is based upon the Ecological Economy model presented by Herman E. Daly. (See Beyond Growth, Figure 3: The Economy as an open subsystem of the ecosystem). The additional area of Environmental Economics also supports this model. In addition to the
alignment of the structure to purpose, the structure is also aligned to an ecological worldview.
Each of the elements of the system will be described in detail in each section. Each layer provides the context and elements for the next layer. The following networks of systems will be included in this section:
Networks of systems:
n Earth
n Society
n Economy (consisting of)
n Human Activity Ecosystems
n Human Activity Systems
n Human Activity Infrastructure Services
In addition to the structure identified in the embedded economy model, the system classification structure
identified by Peter Checkland will also be used.
The top level system classes are the following:
o Natural Systems
o Human Activity Systems
o Designed Physical Systems
o Designed Abstract Systems
o Transcendental Systems
This set of systems provides an excellent way to integrate Human Activities into the model of the Earth. Each
of the systems provides a top level reference point for most systems found in the Earth Systems model.
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Systems: Earth
Natural systems form the foundation of the Earth Systems. These natural systems were formed over billions of
years of evolution. The following picture uses the embedded economy model as a way to highlight the Earth Systems:

These natural systems have been evolving and emerging since the planet took its initial form 4.3 billion years
ago.
The two sources of energy entering the system are:
n Sun (Solar Energy)
n Gravitation (Moon and Sun and other planets).
These natural systems consist of abiotic elements and biotic elements. As the Earth is a bounded system, the
resources available are finite.
Abiotic Elements
The abiotic elements cover the traditional spheres of the Earth:
n Atmosphere
n Geosphere
n Hydrosphere
n Cryosphere
Biotic Elements
The biotic elements come from the Biosphere and the Pedosphere (soil).
Living systems have the following characteristics:
n metabolism (transforms energy and creates waste)
n cognitive responses to triggers (internal or external).
n dissipative structures to transforms energy and matter
n operates far from equilibrium
The living systems include:
n A cell
n An Organism (multi-cellular)
n An Ecosystem
A human being is an organism that is referred to as a 'person' in this document. A human being is the main element forming human activity systems and human societies.
Biogeochemical Cycles / Processes
The following Biogeochemical cycles / processes are included in this area:
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Chemical Elements
calcium, carbon, hydrogen, mercury, nitrogen, oxygen, phosphorus, selenium, and sulfur;
Molecular cycles
water and silica;
Macroscopic cycles
the rock cycle;
Soil
The Pedosphere consists of all of the soil that is part of the Earth. The soil is a key ingredient of the ecosystem
for the maintenance of life. Soil exists at the intersection of many of the planetary spheres.
Ecosystem
Ecosystem is a type of natural system. When considering the Earth as an ecosystem, the entire Earth and all
spheres are included. Ecosystems can also represent any bounded area on the Earth. These ecosystems may
represent an area of land, such as a:
n Biome
n Nation State
n City region
n Local Community within an area
n Land for a specific habitat
Ecosystem Services
Ecosystem services provide basic necessities for life in a specific ecosystem. These ecosystem services are
also used to provide services and support the human activity infrastructure services created in the Economy.
Ecological System (Ecosystem)
System Element: Identification and Relationships
The Ecological System (Ecosystem) has the following structure and relationships.

The following are some examples of Ecosystem types.
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In addition, there are additional types of ecosystems where there is human activity. The following picture
shows the way human activity ecosystem types are integrated with natural ecosystems.

Ecosystem Services
The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) provides
definitions and forecasts for the Ecosystem Services.
Ecosystem services are those ecosystem elements that provide value to humans or can be transformed into
useable designed physical systems.
These ecosystem services are part of the natural systems capability. The ecosystem services are classified
into the following types (from Table 2.2 High level classification page 19 Ecosystem Services):
Also see EEA ES Classification

Page 28 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)

Page 29 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)

Systems: Society
As living systems emerged on the planet, the ability of the organisms to form social systems and develop in communities emerged. The following systems form part of the Society as a network of social systems. These types
of living social systems work for all types of organisms (cells, ants, bees, humans) within one or more ecosystems.

Social system
The basic element of a society is the social system. The elements of a social system are shown in the following picture tailored for a human activity social system.

The key elements of a social system are:
n Social Network (members are organisms interacting through communication)
n Social Structure (shared knowledge and rules of conduct)
n Culture (membrane / boundary of the social system allowing or blocking inputs or constraining the
actions and behavior of the members)
These elements support the continuous flow of information, energy and matter that keep the social system
alive and far from equilibrium. Many of these flows into the social system are provided by ecosystem services. As a result of the operation of the social system some information, energy, matter and waste may be
produced.
Social Network
The members of the social network can be any type of organism from Cell to Person or a mix of organisms.
The typical species of organisms that we can see in social systems are:
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n
n
n
n

cells (primitive cognitive social systems)
ants
bees
human beings (people).

Leaders are also members of a social system.
Members of a Social System
Each member of a social system is a living system with its own unique properties and abilities.
In some cases an organism may be a member of many social systems. This is especially true of a person
(human being). The members of a social system bring their unique cognitive understanding of the context /
environment of the social systems they are a part of.
The following cognitive abilities are critical to an organism participating in a Social System:
Cognitive abilities
n Language (describing thoughts and images encoded / decoded using a symbol system)
n Learning (acquiring new skills / knowledge)
n Listening / Reflecting (seeing things from another perspective)
n Communication (coordination of actions and behavior)
n Changing (detecting gaps in current understanding and un-learning and re-learning)
Learned Abilities
n Physical abilities (running, jumping, lifting, throwing, etc)
n Mental processing abilities (writing, drawing, mathematics, etc)
n Personal Values and Beliefs (including an Ecological Worldview)
n Trust
Network of Communication
The members and their communication form a "Network of Communications". The communication is intended for the coordination of actions within the social system. The quality of communication (honest, clear and
actionable) determines the aliveness of the social system. The Leaders of the social system (one or more
members within a social system (leadership may be shared)):
o provide energy to move a social system to a place far from equilibrium
o create the environment for creativity and innovation
o enable conversations in the network to create aliveness
o enable co-creation of outcomes or results
o maintain the dynamic balance of the social system (health)
o facilitate creating an environment based upon an Ecological Worldview
The leaders also take care of other aspects of the social system that allow the social system to thrive in a
healthy state of dynamic balance:
n Conflict of interest and power
n Culture (interactions with other cultures, shared values and beliefs, trust)
n Health and aliveness
n Structural Change
n Dissipative Structures
Social Structure
The social structure is a set of rules of conduct which may be written or not that enable the social system to
work in a consistent way. The social structure is composed of language, symbols, meaning, rituals.
n organization structures
n documents, manuals
n policy, procedures, standards, etc.
n Strategies, Plans, Objectives, Goals
n rules of conduct
n processes (Roles, Responsibilities, Activities, Work Products)
All of the above items are based upon appropriate Symbol Systems.
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These social structures may or may not be written down.
The following types of information are generally found in documented social structures within an enterprise.
n Products and Services (capabilities)
n Stated values, beliefs, behaviours, etc.
n Jobs, Assignments, Roles and Responsibilities
n Rewards, Measures, feedback.
The degree that the conversations use the social structure as documented ensures the context of meaning is
strengthened and areas where miscommunication can occur. When communication is based upon the social
structure and improvements are made and implemented all of the members will benefit.
Culture
A social system is a self generating network of communications in a social network within a cultural boundary
of its own making.
Culture as emergent property
n Each person ‘brings forth’ their own values, beliefs, attitudes and behaviour based upon the open communication with other members within the social system
o Also relates to ‘Internalization’, ‘Enculturation’, and ‘Socialization’.
n

n

A common context of meaning emerges through these open communications. Through associated
actions, formal social structures may be created to form elements of the common context of meaning
as shared knowledge, rules, values and beliefs
These elements are reinforced and shared through open communication and opportunities to learn
using common Myths, Rituals, Ideology, Stories, Symbols, Logos, etc. creating a climate of trust and
support.

Culture as membrane / boundary
n Establishes a boundary through a shared sense of identity, purpose and belonging.
n Determines what goes in or out of a social system
n Constrains the actions of the people within the social system
n Forms the basis for ‘purposeful’ and ‘collectively ‘meaningful’ actions / activities.
n Decisions and actions are taken consistent with this common context of meaning.
Culture as hologram
n Each person within the social system carries their mental images and language of the common context of meaning.
n The coherence of each person’s mental images and language create the intensity of the culture of the
social system
Human Activity System
The Human Activity System is based upon a social system where the members of the social network are predominately human beings (people). The Human Activity system is one of the top level system classifications
identified by Peter Checkland.
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Every designed system needs a human activity system to create, develop, maintain or use the system.
When a Social System integrates designed physical systems (e.g. technology), the system changes to a
sociotechnical system. The following diagram shows this extension of a social system to a sociotechnical
system:

Peter Checkland has explored human activity systems extensively in his work.
The typical human activity systems are: Household, Enterprise, Communities of Practice, State (Government), Financial Institutions.
Designed Abstract System
Designed Abstract Systems are those systems that are predominately created using conceptual models and
may not be visible in the physical world. Many of these abstract systems form Symbol Systems that we use
to encode or decode messages in communications. The examples of an abstract system are:
n Language (a primary symbol system for communication)
n Music
n Mathematics
n Money
n Science
Many of these systems do have designed physical systems that support the realization and use of the
abstract system.
Designed Physical System
Designed Physical Systems or Engineered Systems form a class of systems that have a physical realization
that provides some benefits for use to society. These designed physical systems form part of the human
activity infrastructure services (our life support systems) necessary to support human life on earth.
These designed physical systems generally improve the productivity or efficiency human work.
Examples of designed physical systems are:
n Bridges
n Airplanes
n Cars
n Buildings
n Computers
n Telephone
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Many of the designed physical systems are integrated with natural systems or use ecosystem services.
Society
A society is a network of all of the social systems that interact within a defined physical boundary (e.g. one or
more ecosystems). In the case of the Earth, there are many societies that exist on the Earth. Each society
has the same pattern of a social system with unique:
n Social Network (which may be a network of social systems)
n Social Structure
n Culture
The cultural elements are associated with the overall values and beliefs of the society and form a common
context of meaning for the members of the society. These values and beliefs form the way the members of
the society choose to live together.
Social Network (Society)
For a given society (Nation, Region, City,, etc), the society consists of a number of networked social systems and some hierarchical social systems within a social system. The quality of communications within
and across the social systems determines the coherence across the society.
This diversity of social systems should provide some inherent value in the social system.
Members (Society)
The members from all social systems are form the full membership of the societal social system. These
members are typically called Citizens. The members of a society are generally part of many social systems. The first social system that a person experiences is their family systems (household). This provides
the first lived experience of a social system.

This integration of human activity system cultures will help shape a person's values and beliefs.
Social Structure (society)
The social structure for a society may be written down or passed by word of mouth. In some national
social systems, there is a constitution or some body of knowledge that shapes decisions.
Some societies have adopted the United Nations Universal Declaration of Human Rights.
An ecological worldview for all human activity systems ensures that a holistic and inclusive approach is
taken to the human activities. The principles in the Earth Charter also form a basis for values and beliefs
that bridge the Ecological and Humanitarian dimensions.
This may also include the concept of 'social contract theory' (from ISSS21 Question). which may fit here
or in culture.
Culture (Society)
Edgar Schein has defined a societal culture to be a "macro culture". This macro culture establishes the
membrane and constrains individual behaviours and also exhibits coherent values and beliefs accepted
by the members.
Edgar Schein has also included Cultural Dimension Theory from Geert Hofstede. The key dimensions of
this theory are:
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n

Power distance index (PDI):

n

Individualism vs. collectivism (IDV):

n

Uncertainty avoidance (UAI):

n

Masculinity vs. femininity (MAS):

n

Long-term orientation vs. short-term orientation (LTO):

n

Indulgence vs. restraint (IND):

Each of these dimensions can be used to assess and compare national cultures. As a result, some cultures can be identified as democratic, others as authoritarian. (get better list).
An Ecological Worldview can also be part of the culture and shape the actions and behavior of the members of the human activity system. The Household provides a foundation of this culture for every person
(Citizen). This ecological worldview emerges within an enterprise through the following roles:
n Sustainability Manager or Officer
n Quality Managers for ISO 14000 series.
n Assessors for B-Corporation certificates.
Cultural influence on the Economy
The values and beliefs that are part of the national culture will influence the economy. Where there is a
coherent democratic culture underpinned by a constitution (shared social structure), the economy may
be aligned to the needs of the citizen and the planet. If there are political parties in this culture, they may
be working to establish the aspirations enshrined in a constitution. In this case, political parties are working towards a common vision.
Where there is an authoritarian culture, the culture may align more to the needs of the authoritarian and
other members in the support of the leader. This can create cross-cultural disagreements. In this type of
society, there may be multiple political parties that have their own agendas rather than the collective society. In the case of America, "Trickle down" policies actually caused a "Trickle up effect". (this section to be
improved).
System Description: Society
System Name and Class
Name: Society
Based on: Human Activity System (HAS)
Society: A society is a group of individuals involved in persistent social interaction, or a large social group sharing the same spatial or social territory, typically subject to the same political authority and dominant cultural
expectations. Societies are characterized by patterns of relationships (social relations) between individuals who
share a distinctive culture and institutions; a given society may be described as the sum total of such relationships among its constituent of members. In the social sciences, a larger society often exhibits stratification or
dominance patterns in subgroups.
Societies construct patterns of behavior by deeming certain actions or concepts as acceptable or unacceptable.
These patterns of behavior within a given society are known as societal norms. Societies, and their norms,
undergo gradual and perpetual changes.
Nation: a large body of people united by common descent, history, culture, or language, inhabiting a particular
country or territory
Citizen: Citizenship is a relationship between an individual and a state to which the individual owes allegiance
and in turn is entitled to its protection.[1](quoted)
Each state determines the conditions under which it will recognize persons as its citizens, and the conditions
under which that status will be withdrawn. Recognition by a state as a citizen generally carries with it recognition
of civil, political, and social rights which are not afforded to non-citizens.
Legal System: included in society (To be added). Relate to deformation of character as laws and related to free
speech. Includes rule of law.
Emigrant: a person who leaves their own country in order to settle permanently in another:
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Refugee: a person who has been forced to leave their country in order to escape war, persecution, or natural disaster
Resident: a person who lives somewhere permanently or on a long-term basis (may or may not be a citizen but
allowed to stay).
Indigenous peoples: are the holders of unique languages, knowledge systems and beliefs and possess invaluable knowledge of practices for the sustainable management of natural resources. They have a special relation
to and use of their traditional land.
Migrant: a person who moves from one place to another, especially in order to find work or better living conditions
Nation-State: a sovereign state of which most of the citizens or subjects are united also by factors which define
a nation, such as language or common descent.
Non-Violent action: Nonviolent action implies a commitment to utilizing nonviolent and creative means (e.g.
acts of protest and persuasion, noncooperation, direct action, civil disobedience, boycotts, strikes, and education) to resist violent forces in order to influence and encourage social change.
Citizens' Assembly: A citizens' assembly (also known as citizens' jury or citizens' panel or people's jury or
policy jury or citizens' initiative review or consensus conference or citizens' convention) is a body formed from
randomly selected citizens to deliberate on important issues.
Democracy: a system of government by the whole population or all the eligible members of a state, typically
through elected representatives:
Autocracy: a system of government by one person with absolute power
Kleptocracy: a society or system ruled by people who use their power to steal their country's resources:
Link to: System Description Society
System Purpose
The stated or implied purposes of the Society is to:
n Provide a safe and just space for the members of the Society
n

Establish citizenship requirements for a set of people living in the society

n

Establish elections or other approach for selecting the leaders within the government.

n

Establish a tax mechanism to pay for the government of the society.

n

Participate in a global community and represent the needs of the citizens.

n

Establish shared values and beliefs for the society.

System Properties
This section identifies the system properties. Suggested headings have been included. These can be tailored..
Systemic Measurable Variables
n

Ecological Stocks (natural capital)

n

Ecological Footprint

n

Basically the variables related to the doughnut of the society

Systemic Capabilities or Functions
n

Capabilities of the government based up the constitution and rule of law.

n

Governance mechanisms

n

Economies (markets and commons)

n

Capabilities of the citizens (vote, pay taxes, etc).

System States
n

Developing

n

Ongoing

n

Thriving

n

Failed
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Systemic Quality Properties
n

Wellbeing and Health of the members of the Society

n

Coherence of the messages between the leaders and the citizens (degree of Truth).

n

Coherence and equality of the application of the rule of law.

n

Inclusive participation of all members of society.

System Quantity Properties
n

Population of the society (by type of member if available)

n

Size of ecosystem(s) or territory of the society.

System Stakeholders and Concerns
The stakeholders of the society fall into a number of different typestypes:
n Members of the Society
n Citizens

n

n

Residents

n

Emigrants

n

Migrants

n

Refugees

n

Indigenous people

Stakeholders outside of the Society
n Members of other societies
n who want to emigrate or migrate
n

who are citizens but residents of other countries

n

Organizations or institutions inside the Society
n Any human activity system (see types).

n

Organizations or institutions outside the Society
n Other Societies
n

United Nations

This area also includes the stakeholders that are unable to represent their needs.
n Organisms living within the society (trees, animals, plants, etc).
n

Organisms living outside the society (trees, animals, plants, etc) that are impacted by the society-ofinterest.

System Environment (Context)
The environment is the systems that are outside of the society. The society consists of all of the human activity
systems situated in the society ecosystem. The society also contains all of the organisms (non-human) living in
the ecosystems of the society.
The environment and the potential impacts on the system-of-interest.
This includes the effects of other societies on the climate, any of the spheres, etc.
The Environment also consists of the mechanisms of trading between societies. These trading arrangement
provide for ways to pay for imported items. The trade also has some potential drawbacks by exploiting
resources of one society at the expense of another. This may lead to dependencies on external sources of supply.
this section includes
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n
n
n

Transactional
Contextual
Regulatory

System Structure (Pattern of Organization)
Identification and Composition of System elements and their relationships. This section generally includes a system conceptual model.
System Element: Identification and Relationships

The above diagram shows the various types of members of society and the various human activity systems that
are part of the society.
In addition to the human activity systems, there is the social structure that provides the shared understanding of
the society. This is generally a constitution or rule of law. This social structure also provides the basis for the
shared values and beliefs of the society. These are critical for creating a well defined society.
In addition, the culture for the society is based upon the social structure and the network of communication
formed by the members. The social interactions may be through face to face, some written information using the
appropriate language and symbol systems and the use of social media (internet based communication).
In some cases, the social media (social technology) may amplify false messages to distort the truth, or through
AI algorithms, impact personal decisions through playing on cognitive biases of people.
System Behavior (Structural Changes)
Describes a specific instance (configuration of components) of a system structure and this systems behaviour.
Describe the response of the system due to various triggers
Configuration / Scenario:
Specific Configuration of society
NOTE: The structure (pattern of organization) provides a conceptual model of may types of societies. Once the
type of governance structure and people have been selected. The behaviour of the specific system can be established. The current descriptions are for a democratic society. Autocratic or Kleptocratic societies will have different processes and behaviour.
Cyclical (Repeating / Regular) Processes
Routine operational processes to maintain the system
Provides support to deliver the capabilities or functions of the system.
n Trigger: Time for elections Process: Election process as specified in the constitution
n

Trigger: Time to set budget and collect taxes; Process Budget and tax collection processes
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n

Trigger: maintain infrastructure Process: maintain human activity infrastructure elements for future generations use.

n

Trigger violation of the rule of law Process: initiate legal processes

n

Trigger: Initiate annual planning Process carry out budgeting and planning processes.

n

Trigger: Initiate cultural event Process conduct the cultural event.

n

Trigger: Initiate Citizens' Assembly to explore topic Process: Conduct Citizens' Assembly to gain feedback on a topic or topics.

Development Life Cycle Processes
How this system is created, developed, used and released.
Describes the processes for major developmental changes.
John Grubb
n

Age of Pioneers

n

Age of Conquest

n

Age of Commerce

n

Age of Affluence

n

The Age of Intellect

n

The Age of Decadence

n

Collapse

n

Religion

Joseph Tainter
n

Collapse of societies (to be added)

Other developmental processes
n

Technology innovation

n

Social innovation

n

Governmental innovation

n

Non violent action groups (to initiate structural changes)

More to be added in this section over time.
Key issue surfacing is the legal system or justice system and how to remain independent and not political.
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Systems: Economy
The economy fits within the society within a finite Earth. The primary purpose of the economy is an exchange of
value. The exchange of value within this living system is its autopoietic component and can take many forms
depending upon the systems exchanging the value.

The system properties of the Economy are described in the System properties section. The typical System Property used today is the measure of Gross Domestic Product (GDP). The doughnut is a better way to measure the
Economy and its effect on the planet. The Economy also creates system capabilities through the interaction of
the parts.
The Economy is a system with a number of system elements and their interaction. At the core of this economic
activity is a human activity ecosystem. This positions this economic activity within an ecosystem (The Earth),
Social Systems (Society) and Human Activity. The following diagram identifies the three key elements of this
human activity ecosystem:

This human activity ecosystem represents a city-region, a nation, or a set of united nations. The model identified
is fractal in that the same model works at various scales. The key Elements are the:
n Ecosystem: This system identifies the place and the full set of living organisms within this area. The ecosystem also contributes a defined set of ecosystem services to support the human activity.
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n

n

Human Activity Systems: These are the social systems that underpin the economic activity. The Human
Activity Systems form one of the dimensions of the system.
Human Activity Infrastructure Services: These services are provided to the human activity ecosystem to
provide basic services that support life and well-being.

The Human Activity Systems that interact to create an economy are the following:
n Household
n State (Government)
n State: a nation or territory considered as an organized political community under one government.
n

Market or Commons (a Systemic Property) that includes the following:
n Enterprise in various forms

n

Financial Institution (e.g. Bank)
Community of Practice (CoP)

n

The Human Activity Infrastructure Services have been grouped into three areas:
n Basic Human need: Food, Water, Sanitation, Shelter
n Economic Service: Energy, Transportation, Waste, Information and Communication
n Social Support Services: Education, Health, Emergency Services, Resource Usage Management (e.g.
Land use).
Abstract systems: Monetary System. (including the concept of value). (possibly rename to Value Exchange System to include LETS).
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Human Activity Systems
The following picture identifies the Human activity systems that interact to create the performance of the economy.
System Element: Identification

Each type of human activity system has a unique purpose and set of system properties. All of these types of systems are types of sociotechnical systems.
NOTE: A person can be part of one or more human activity systems at the same time.

A person takes on different roles as a member of a human activity system.
The relationships between the various human activity systems are shown in the following diagram.
System Element: Relationships

Page 42 of (69) Date: Version 0.20, 07-January-2023 (working)
Earth (Gaia) as a System of Systems

Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)

Some key relationships:
n The state establishes the rules for a market
n The state determines if infrastructure services are provided in a Market or provided through the commons.
n The state collects taxes from the enterprise or the household.
n The state establishes the rules for the financial institutions
n The state enforces the rules that it has set.

System Element: Descriptions
Household
Overall: Create an environment where individuals in a household can achieve their highest potential: The
health and well-being of all members of the household are able to maintain a dynamic balance as a
response to changes / disturbances in the environment.
As a people maker (Virginia Satir):
n form a unit to raise a family (creates a person)
n One or more family unit as a social system
n

Development of people in the household

As an economic unit:
n Provide for revenue stream for the family (various sources)
n provides people in the work force,
n

Product and Service Consumption
n the family, buys and sells assets
n uses the infrastructure services (health, energy, transportation, etc).

n

Citizenship (participate in government)
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State (Government)
State: a nation or territory considered as an organized political community under one government.
The purpose of the State (Government) depends upon the type of government that has been formed. Typical democratic governments have the following purpose:
n Represent the needs of the people living in a nation or nation state
n Manage the shared resources for this people living in the area.
n Handle emergencies
n Provide shared services for the people
n Government (governance representing the people (democracy, etc).
n Civil Service / Civil Servants (tax collectors, licensing, statistics, benefits, etc).
n Taxes collected locally and allocated upwards.
n

n
n

n

Establish markets: establish market rules and enforcement
n

Rules for : Property, Monopoly, Contract, Bankruptcy, Enforcement (from Saving Capitalism)
n video explaining the importance of these concepts

n

Establish full life cycle costs (including waste / recycle)

Determine split between market and commons for infrastructure services
Establish mechanisms for deployment of development activities (e.g. where to place a manufacturing plant and develop associated skills)
n This is also important from moving from an extractive trade to a developmental trade
arrangement.
n This also relates to where the design and innovation are done and how shared.
Establish rule of law, courts and legal system based upon the United Nations Universal Declaration of Human Rights.

Financial Institution (e.g. Bank)
The Financial Instutions have the following purposes:
n Provide a way to securely save and use money
n A facility to borrow and invest money
n A way to value services
n A way to cover risks.(Insurance)
n Saving and Loan Banks (Central bank, credit union, cooperative, etc)
n providing savings, Loans, checking, credit cards.
n

Investment Banks (speculative, theme, etc).
n Providing venture capital
n Portfolios of investments with expected returns
n New financial products (indexes, derivitatives, etc).

n

Stock and commodity markets
n trading of securities (though in a financial market).
n Forward contracts
n Currency trading.
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Enterprise
The enterprise or undertaking starts with a purpose that gives the enterprise meaning. The purpose is the
reason for being for existing as an organization. The purpose of the specific organization is generally documented in the Strategic Plan or equivalent document. This plan typically includes:
n business products and services (contribute needed result to society, the economy and the individual)
n Ownership (Living Purpose, Rooted Membership, Mission-Controlled Governance, Stakeholder
Finance, Ethical Networks)
n Innovation centers
n Support delivery of infrastructure services (all technology owned by an enterprise
Principles: Enterprise as a System of Systems (SoS)
The principles for any system-of-interest apply to the Enterprise. Specific principles are shown below:
n An Enterprise exists to contribute a needed result to customers, society, and the individual.
n The Enterprise is realized through one or more interacting organizations.
n The whole enterprise (all organizations) are aligned to contribute their part to the purpose of the
enterprise.
n Various types of organizations contribute to the purpose: suppliers, partners, channel partners,
customers, etc.
n Zero waste in a circular flow of technological and biological nutrients (Circular Economy concepts).
PDF: System Description: Enterprise as a System of Systems (SoS), Version 0.16, 05-December-2022

Community of Practice (CoP)
The purpose of the Community of Practice is to:
n To bring together people with similar interests and concerns.
n To establish a knowledge base that supports Human Activities.
The following types of organizations are included in the classification of community of practice:
n Religious Organization.
n Educational institutions.
n Professional Organization.
n Sports Organization.
n Political Organization.
n Civil Society Organization.
n Non-Governmental Organization.
n Unions
n Lobbyists Organizations.
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Circular Concepts
The three principles of the circular economy are:
n Design out waste and pollution
n Keep products and materials in use
n Regenerate natural systems
Within an Enterprise, the new product development process provides the way to understand the products and
services being developed and delivered and look at the whole life cycle implications of the product or service to
ensure that all biological and technological nutrients are recycled (e.g. turn into food for other processes).

The next picture is from the Ellen Macarthur Foundation and represents the three principles and the various
flows.
Concurrent Engineering of the product or service will ensure that all stakeholders needs are represented including the Household, the Government (local and national), the financial institutions and ensures that waste is
recycled into food for other consumers. Recycling applies to both the biological and technical nutrients produced
as part of the product or service.
Note: The new product development process includes the full Product Management Life cycle including:
n Design and Development of the primary product (including prototypes)
n

Design and development of the manufacturing process

n

The alignment and assessment of the full supply chain

n

The support / warranty services

n

The Return Services

n

The Recycle processes and services.

This product team would include representatives from all of the areas identified above.
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These principles are shown in the Doughnut Economics pictures below:

Kate Raworth, 2017

Common-pool Resource
The Common-pool Resource is.resource system that provides resource units to a number of appropriators.
The resource system can be based upon a natural system or a designed system. This system has a number of
characteristics:
Resource units: Resource Units may have the following characteristics:
n Use Once: Like fossil fuel, once used it cannot be used again. Their may be side effects like polution.
n

Renewable: Like fishing or water or solar energy, these may be renewable under the right conditions

n

Recyclable: like materials that are mined and used which may be recycled: copper,
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Human Activity Infrastructure Services
The human activity infrastructure services provide services that enable each of the human activity systems to
carry out their purpose. These infrastructure services form a life support system for human activity on the Earth.
All of the infrastructure areas address production to consumption.

The human activity infrastructure services fall into three types of services. The following references are used to
identify the human activity infrastructure services:
Infrastructure services references (more to be added):
n DD: Project Drawdown
n FNI: Future of National Infrastructure
n CCC: Committee on Climate Change (UK)
n UBS: Universal Basic Services
n CI: Critical Infrastructure Protection and Recovery
n Resilience (city regions)

Basic Human Need Services
Food Infrastructure Service (CCC, DD, FNI, UBS)
The Food Infrastructure Service covers the entire value system from production to consumption. This
infrastructure service also has dependencies on energy, water and waste. The infrastructure service covers the following:
n Food and agriculture production and consumption.
n

Local vs global supply chain (including transportation)

n

Production methods: organic, factory, permaculture, horticulture, Agroecology / Agroecological
Farming

n

must also address single use plastic packing

Water and Sanitation Infrastructure Service (FNI)
The purpose of the Water and Sanitation Infrastructure Service is to provide the following services:
n Clean water (production to consumption)
n

Drinking, cooking cleaning, and other household uses
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n

Sanitation (removal of waste and used water)

n

River water quality (runoff from city regions)

n

Use of water for irrigation / food production and energy.

Built Environment Infrastructure Service (CCC, DD, UBS)
The purpose of the Built Environment Infrastructure Service is to identify the systems that contribute to
the production to consumption value system for the built environment.
The scope of this infrastructure service includes: Buildings: Office space, Production facilities, housing,
etc. This infrastructure service covers the following:
n Energy efficiency
n

Building supplies: steel, concrete, lumber, etc

n

Reuse / recycle strategies (circular economy).

n

Resilience (able to withstand environmental shocks).

n

Possibly includes contents of buildings / shelter.

Economic Support Services
Energy Infrastructure Service (CCC, DD, FNI)
The purpose of the Energy Infrastructure Service is to show the full value system from energy production
to consumption.
The operational energy system (SoS) is a human activity infrastructure service that is established:
n To supply energy to consumers
n To manage finite consumable resources in a sustainable way
n To recover from disruptive natural or human created events (resilience)
n To ensure that the Earth is able to sustain human and other life on Earth.
The scope of this infrastructure service also includes:
n Multi-vector energy sources (renewable, oil, gas, hydrogen, electricity, geothermal).
n

Also includes community heating and power

n

Cooling

Transportation Infrastructure Service (CCC, DD, FNI, UBS)
The purpose of the Transportation Infrastructure Service provides a service to move things from A to B,
(an alternative name may be Mobility (mostly for people)
The scope of the transportation sector includes the following types: Rail, Road, Aviation, Shipping,
Bicycles, Walking, Pipes, Cables, Aerospace, under water, etc
The services include:
n Vehicles and power source (hydrogen, electric, fossil fuel, aviation fuel, wind)
n

Load and unload (stations, docks, airports, etc)

n

Maintenance (repair, supply, etc.)
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Waste Infrastructure Service (CCC, FNI)
The purpose of the Waste Infrastructure Service is to collect and recycle waste. The scope of this infrastructure service is as follows:
n GHG (including F-Gasses, CO , Methane)
2
n Carbon Capture and Storage (CCS) including skins (land, coastal, ocean and engineered)
n

Waste removal and disposal

n

Plastic waste

n

Nuclear waste

n

supply of biowaste for energy or agriculture

The Circular Economy (design for recycle and reuse) and focus on zero waste provides an opportunity for
the waste infrastructure service to support the waste producers to find ways to eliminate waste at the
source. This infrastructure service may also provide a number of possible Secondary Raw Materials
Sector / Market as part of the nutrient (technical and biological) recycle, reuse and regeneration processes.

Information and Communication Technology Infrastructure Service (FNI, UBS)
The Information and Communication Technology Infrastructure Service provides the following services:
n Telecommunications (phone, cable, internet)
n

Storage of information (cloud, server farms, data protection, etc)

n

Networks (security, access, speed, wireless safety, etc).

n

Software technology: Operating Systems, Applications, Social Media / Technology.

Consider distribution (postal service, parcel delivery service). This may also interface with Transportation.

Social Support Services
Education Infrastructure Service (DD, UBS)
The purpose of the Education Infrastructure Service is to support people through life long learning . This
includes:
n Primary, Secondary, Tertiary, life long
n

Curriculum, Knowledge Base

n

Teachers

n

Learning spaces (schools, events, etc).

"All kids deserve to have an education it's about their own development as a human being, that's the
first fundamental purpose of education is for me to become me in the context of society; in the community in which I live. The second purpose of education is so I can truly contribute to my society, so
that is why it is very appropriate to always be asking the question, what are the fundamental challenges of our society? Today it is a global society so the purpose of education is to prepare kids to
truly be global citizens, but to do it in a way that really is nurturing the uniqueness of them" - Peter
Senge
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"The principal purpose of an institution of higher learning ought to have two prongs to it, to enable students to learn how to learn and secondly motivate them to do so" - Dr. Russell Ackoff
See Education System Innovation

Health Infrastructure Service (DD, UBS)
The Health Infrastructure Service covers the entire value system from production to consumption. The
scope of this infrastructure service includes both public health and personal health. This infrastructure service includes the following:
n Full integrative health capabilities (production to consumption)
n

Social Care (care homes, home visiting, community resources)

n

Primary care (GP, local doctors and facilities)

n

Secondary care (accident and emergency, out patient, in patient, intensive care)

n

Pharmacy and drug production and consumption.

n

Public Health (including pandemic response and other health related topics).

n

Alternative healthcare and herbal medicine

Emergency Services Infrastructure Service
The purpose of the Emergency Services Infrastructure Service is to respond to emergency situations and
where possible recommend measures to mitigate the cause. This service provides the following:
n Single point of contact for help (e.g. phone or local contact)
n

This contact point may route calls to health or the correct emergency services that is available in
the community (e.g. mental health, education, etc).

n

Fire, Flood, Earthquake, Storm, Ambulance, Police

n

Police maintain the peace in the community (more to go here).

n

Also includes policing by consent.

Resource Usage Infrastructure Service
The purpose of the Resource Usage Infrastructure Service is to plan and monitor the use of resources
within an identified area. This service provides protection to the ecosystems and the way resources are
allocated to types of infrastructure services. This services ensures that all people have a say in the
shared commons available on the planet.
n Land use and Management.
n

Allocation of land to types of use (agriculture, housing, manufacturing, roads, energy, etc)

n

Also includes rights for mining or use of natural resources.

two diagrams to add:
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n
n

N*2 for systems
mapping systems to SDG.

Where do the following items go: (DD Uses the term Industry).
n Clothing (personal protection)
n Furniture (things in buildings that need to be manufactured)
(this might be a manufacturing infrastructure).
Human Activity Ecosystems
The Human Activity Ecosystem (HAES)is a system that integrates the capabilities of all other systems and forms
the forms the source of economic activity.
This integration can be shown in the following picture:

All of these systems have a local component within the ecosystem area and region. The basic planning for this
human activity ecosystem is critical to match both the characteristics of the ecosystem where the ecosystem
resides and the types of services that can be utilized within this ecosystem. The resilience of the systems in this
Human Activity Ecosystem (HAES) is key for the long term viability and well being of the people / citizens living
in this area.
This means that local solutions that are designed and operated within this area have much more knowledge
about the types of challenges that the system will fact.
The tradeoffs between the capabilities of one city-region and others may provide a balance for a wider understanding of the interdependencies of a set of local or regional cities.
Human Activity Ecosystem (HAES) Change
A key aspect of changing a Human Activity Ecosystem (HAES) is the coordination of all changes that are occurring in the area. This ensures that the various city regions are changed in a way that delivers all of the benefits
without incurring any undesired consequences. The changes are coordinated using enabling systems supporting the various system elements interacting with the city-regions in the human activity ecosystem.
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Change and development activities are described in the behavioural developmental (structural changes) section.
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System Behavior (Structural Changes)
This section is work-in-progress.
In order to establish the behavior of the system-of-interest, some understanding of the physical architecture of
the system is necessary. This allows us to understand the behavior of the system at various points in time. For
example, there is a current state of the Earth Systems which provide a basis for the response of the current regular and repeating processes. The performance of the current system-of-interest allows us to identify the various
response to the current systems based upon internal or external triggers.
Any developmental changes are changing the structures which will provide a new set of behavioral processes
that have different performance characteristics.
A future state physical realization may provide a basis for understanding the behavior at a future point in time.

Configuration / Scenario: for the option or system-of-interest
Describes any configuration / scenario attributes for a specific system-of-interest. This may not be appropriate
for all system descriptions (e.g. patterns or abstract systems).

Cyclical (Repeating / Regular) Processes
These cyclical processes relate to the metabolism of the various levels. The identified trigger initiates a process
that may result in internal changes (structural changes).
Earth
Core cyclical processes
Trigger: Solar Energy, Moon / Tidal energy, Air circulation patterns
Biogeochemical Cycles
Living system metabolism (plants and animals)
(CLD to be added to show the types of interactions.)
Core External processes
Triggers Increase in CO2 over time resulting in temperature rises. The GHG emissions are triggering a
change in the normal absorption patterns of the interaction of the solar radiation (frequency range) and the
atmospheric and land concentrations of atoms to absorb or reflect solar radiation
Trigger: Usage of ecosystem services and depletion of natural resources.
Trigger: Natural Processes / Events: Earthquake, Volcanoes, Storms, Floods, Fires, Extreme Heat, Loss of
Soil, Desertification, etc..
External Trigger: Collision with Meteor or other space objects
External Trigger: Solar Flare
External Pollution from other Layers
Trigger: Increase in plastic waste or other waste not disposed of (recycled) properly
Society:
Core cyclical processes
Raising a family
Communication, culture
Core External processes
Trigger: Changes in values and beliefs (culture of specific society)
Trigger: creation, development and release of social systems
Trigger: War (within a country / between countries)
Trigger: Change in government (new policies / rules)
Trigger: Breaking the law
Trigger: Pandemic
Economy
Core cyclical processes
Market trading (dissipative structures)
Disruptive triggers
Trigger: Government change in Market rules and regulation
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Trigger: Trade wars
Trigger: Protectionism
Trigger: Disruptive Innovation
Infrastructure Services:
Trigger: Unexpected emergent properties (affordances or disruption)

Biogeochemical Cycle Types

See Biogeochemical Cycle

Development Life Cycle Processes
Development relates to changes in the life cycle or major designed structural changes.
Earth
Core development processes
Trigger: Mutations
Trigger: Gene trading
Trigger: Symbiogenesis
Trigger: Change in the life cycle of population (aging population)
Trigger: New Events (Unexpected / not considered)
Core External processes
Society:
Core Development Processes
Trigger: increases in population
Trigger: creation, development and release of social systems
Core External processes
Economy
Core Development Processes
Trigger: change in land use (clear forests for agriculture)
Trigger: Changes in infrastructure services to stabilize climate
Trigger: New Technology.
Trigger: New ways to govern the society.
Disruptive triggers
Infrastructure Services:
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References
References: Big Picture
Please see the following Links for the System Description: Earth (Gaia) as a System of Systems.
n PDF: System Description: Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)
n

Website: GaiaSoS.info

System Thinking Core
Please see the following Links for the System Description: System.
n PDF: System Description: System, Version 0.28, 07-January-2023 (working draft)
n

Link to the System Architecture Framework

n

Link to the System Architecture Framework Definition

n

Website: sysdesc.info: System

The System Description includes the following sections representing views of the system-of-interest:
o System Name and Class
o System Purpose
o System Properties
o System Stakeholders and their concerns
o System Environment (Context)
o System Structure (Pattern of Organization)
o System Behavior (Structural Changes)
o References
The following links help create a System Description
n Link to the System Description Template
n

Link to the System Description Validation Template

The following are links to the COMPASS Project and the CAFF:
n Link to the online version (COMPASS Project Deliverables) of the COMPASS Project documents.
n

Link to D21.5b Compass Architectural Framework Framework: CAFF Viewpoint Definitions

n

Link to D21.5b Compass Architectural Framework Framework (Local): CAFF Viewpoint Definitions

General System Theory, Ludwig von Bertalanffy
General System theory
Fundamental thinking about a system pattern that applies across many disciplines. Chapter 3 Some System Concepts in Elementary Mathematical Consideration: Pages 54 - 56: provides some key concepts.

Fifth Discipline, Peter M. Senge
The Fifth Discipline: The art and practice of the learning organization: Second edition
The Five Disciplines described in the book are important to seeing systems and understanding the interaction of the
parts.
The Five Disciplines are similar to the System of Profound Knowledge described by Deming.
Key elements of this book:
n An understanding of mental models and the impact they can have on decisions
n An understanding of the importance of personal visions both for individual motivation and later for building a
shared vision.
n An understanding of the dynamics of systems thinking both in time and place.
n An understanding of the importance of practice in a safe environment.
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Re-Creating the Corporation, Russell Ackoff
Re-Creating the Corporation: A Design of Organizations for the 21st Century
Definition of a System and 5 Conditions; Multi-Dimentional Organization Design; Interactive Planning; and more.

Systems Thinking, Systems Practice, Peter Checkland
Systems Thinking, Systems Practice: Includes a 30 Year Retrospective
This book contains a good description of Human Activity Systems (HAS) based on a root definition to describe a
human activity system (CATWOE). The concept of the Root Definition has been extended to the System Description that is produced using the System Architecture Framework.
The book also contains a simple system classification scheme that is being used to define a Earth (Gaia) as a System of Systems model. The system classification system is described in the book from page 102 to page 122. Figure 4, page 112 highlights the 5 system classes. This book also has a good glossary of terms.

Thinking in Systems, Donella H. Meadows
Thinking in Systems: A Primer
Donnella Meadows Project

On Dialogue, David Bohm
On Dialogue
A very useful book about conversations that become collective thinking.

On Purposeful Systems, Russell L. Ackoff and Fred E. Emery
On Purposeful Systems: An Interdisciplinary Analysis of Individual and Social Behavior as a System of Purposeful
Events

Principles of Systems Science, George E. Mobus, Michael C. Kalton
Principles of Systems Science
Excellent visuals, principles and concepts about systems and system science.

Essential Architecture and Principles of Systems Engineering, C. E. Dickerson, Siyuan
Ji
Essential Architecture and Principles of Systems Engineering
Explores the mathematical basis of architecture and MBSE

Living Systems

The Systems View of Life, Fritjof Capra and Pier Luigi Luisi
The Systems View of Life
This book is supported by the Capra Course which provides a 12 week course covering the four dimensions of life:
Biological, Cognitive, Social, and Ecological.
A Capra Course Glossary is available in the Capra Course Alumni Network - A global Community of Practice
related to the book.
See chapter 14 for information on social systems.
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The Hidden Connections, Fritjof Capra
The Hidden Connections: Integrating the Biological, Cognitive, and Social Dimensions of Life Into a Science of Substainability
Some additional information related to social systems.: See page 70 to page 128.
Principles of Ecology: See page 231.

The Turning Point, Fritjof Capra
The Turning Point: Science, Society, and the Rising Culture

The Embodied Mind, Francisco J. Varela, Evan Thompson, Eleanor Rosch
The Embodied Mind
Cognitive Science and Human Experience

Ecological Economics and Ecological Worldview

Doughnut Economics, Kate Raworth
Doughnut Economics
Two models in the book are being used heavily in the development of the Human Activity Ecosystem models: The
Doughnut and the Embedded Economy. The Doughnut is like a balanced scorecard for the planet and the
Embedded Economy model is a good starting point to explore the systems that are creating the doughnut problems
and the changes that are needed to bring the world into the doughnut safe and just place.
Kate Raworth and Herman Daly Video
Doughnut Economics pictures used with permission, Kate Raworth, 2017

Beyond Growth, Herman E. Daly
Beyond Growth
Kate Raworth and Herman Daly Video

Stockholm Resilience Centre
Stockholm Resilience Centre
Two major areas of interest:
n Planetary Boundaries
n

Reconnecting to the Biosphere

Small is Beautiful, E. F. Schumacher
Small is Beautiful
A Study of Economics as if People Mattered

Governing the Commons, Elinor Ostrom
Governing the Commons, Elinor Ostrom
Approaches to collectively governing the Commons in society.
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Kenneth Boulding
This topic contains a number of links to articles on various websites:
n Wikipedia: Kenneth Boulding
n

General Systems Theory

n

Spaceship Earth

Natural Capital, Dieter Helm
Natural Capital
Valuing the Planet, Restoring the Ecosystems
What would a Sustainable Economy look like.. Dieter Helm at the Oxford Martin School

Designing Regenerative Cultures, Daniel Christian Wahl
Designing Regenerative Cultures
Focuses on Whole Systems thinking for society, economy and the environment.

The Great Transition: Using the Seven Disciplines of Enterprise Engineering, James
Martin
Great Transition: Using the Seven Disciplines of Enterprise Engineering
Extending Enterprise (SoS) Capabilities to the Planet in the 21st Century
His work continues at the Oxford Martin School

Ellen MacArthur Foundation
Ellen MacArthur Foundation
n Circular Economy
n

Publications

n

A new Dynamic 2

Transformative Ecological Economics, Ove Jakobsen
Transformative Ecological Economics
Supports the paper by Fritjof Capra on framework for Ecological Economics.

References: Earth
Please see the following Links for the System Description: Ecosystem
n PDF:: System Description: Ecological System (Ecosystem), Version 0.1, 15-November-2022
n

Website:: sysdesc.info: Ecological System (Ecosystem)

The Physics of Living Systems, Fabrizio Cleri
The Physics of Living Systems
Basic textbook providing an understanding of the physics of living systems.

Ecosystem Services, Mark Everard
Ecosystem Services
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Animate Earth, Stephan Harding
Animate Earth

Earth System Science, Tim Lenton
Earth System Science, A Very Short Introduction
Pages 14 to 17 Defining the Earth system

Gaia, James Lovelock
Gaia
A new look at life on Earth.

Environmental Engineering, James R. Hihelcic, Julie Beth Zimmerman
Environmental Engineering
Fundamentals, Sustainability, Design

References: Society
Person
Please see the following Links for the System Description: Person.
n PDF:: System Description: Person (Human Being), Version 2.3, 03-November-2020
n

Website:: sysdesc.info: Person as a System

The 7 Habits of Highly Effective People, Stephen R. Covey
The 7 Habits of Highly Effective People
Key points:
Moving from 'Dependent (or co-dependent) to Independent to Interdependent is very important. There are 3 habits
necessary to make the two transitions. The 'Empowerment movement' attempted to move people from Dependent
to Interdependent without taking the intermediate step.
Habits 4, 5, and 6 are critical for establishing an architecture and creating a 'win/win' and inclusive architecture.
Interdependent people are also needed when working towards Self Managing Teams. In self managing Teams,
everyone shares part of the management practices for the team. Everyone works for the Win/Win objectives for the
group.

Frames of Mind, Howard Gardner
Frames of Mind
Howard Gardner's Website
See the 7 Intelligences as cognitive abilities and Learning Styles

Emotional Intelligence, Daniel Goleman
Emotional Intelligence: Why it Can Matter More Than IQ

Who do we choose to be? Margaret J. Wheatley
Who do we choose to be?
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Neuroplasticity, Moheb Costandi
Neuroplasticity

The Feeling of What Happens, Antonio Damasio
The Feeling of What Happens
body, emotion and the making of consciousness

The Strange Order of Things, Antonio Damasio
The Strange Order of Things
Life, Feeling, and the Making of Cultures

Social System
Please see the following Links for the System Description: Social System.
n PDF:: System Description: Social System, Version 0.10, 03-November-2020
n

Website:: sysdesc.info: Social System

The Social System, Talcott Parsons
The Social System.
Classic model of a social system.

The New Peoplemaking, Virginia Satir
The New Peoplemaking
Describes the family as a system (social system). This book describes the various types of interactions of the members of the family and the fit of the family into society.

Family Systems Therapy, Elsa Jones
Family Systems Therapy
Discusses the family as a system using autopoietic concepts.

Introduction to Systems Theory, Niklas Luhmann
Introduction to Systems Theory
Discusses the social system as a system using autopoietic concepts.

Communication Power, Manuel Castells
Communication Power
Exploration into communication and power from the Individual Person to Society

Power and Love, Adam Kahane
Power and Love
A theory and practice of social change.
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Business without Bosses, Charles C. Manz and Henry P. Sims, JR.
Business without Bosses: How Self-managing Teams are Building High-performing Companies
This book describes an approach to move from a single manager to a shared management approach. Everyone
shares the management of a social system.

The 7 Habits of Highly Effective People, Stephen R. Covey
The 7 Habits of Highly Effective People
Key points:
Moving from 'Dependent (or co-dependent) to Independent to Interdependent is very important. There are 3 habits
necessary to make the two transitions. The 'Empowerment movement' attempted to move people from Dependent
to Interdependent without taking the intermediate step.
Habits 4, 5, and 6 are critical for establishing an architecture and creating a 'win/win' and inclusive architecture.
Interdependent people are also needed when working towards Self Managing Teams. In self managing Teams,
everyone shares part of the management practices for the team. Everyone works for the Win/Win objectives for the
group.

Management Core
Please see the following Links for the System Description: Enterprise (SoS).
n PDF: System Description: Enterprise as a System of Systems (SoS), Version 0.16, 05-December-2022
n

PDF: System Description: Organization as a SoS, Version 0.13 05-December-2022

n

PDF: System Description: Capability as a System, Version 0.16 05-December-2022

n

PDF: System Description: Process (Human Activity), Version 0.4, 22-August-2022

n

Link to the Enterprise (SoS) Architecture Framework

n

Link to the Enterprise (SoS) Architecture Framework Definition

n

See System: Integrated Management System

n

PDF: System Description: Integrated Management System, Version 0.14, 20-November-2022

n

Website: EaaSoS.info

Management: Tasks, Responsibilities and Practices, Peter Drucker
Management: Tasks, Responsibilities, Practices (Drucker series)
This book introduces the activities of a manager: Planning, Organizing, Resourcing, Integrating, Measuring and
Developing People.
Peter Drucker has written many books on management. This is an abridged version (about 200 pages shorter than
most) and includes a glossary. I find this book very readable.

Built to Last, Jim Collins and Jerry I. Porras
Built To Last: Successful Habits of Visionary Companies
Introduces the concept of Core Ideology

Leadership Plain and Simple, Steve Radcliffe
Leadership: Plain and Simple (Financial Times Series)
Introduces: Future, Engage, Deliver model for Leadership.
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Organizational Culture and Leadership, Edgar H. Schein
Organizational Culture and Leadership (The Jossey-Bass Business & Management Series)
A good model of culture that supports the social system model. This includes macro and micro cultures.
Edition 5 also includes the cultural dimensions theory from Geert Hofstede

Leadership and the New Science, Margaret J. Wheatley
Leadership and the New Science
(A useful book for Managers)

SCRUM: The Art of Doing Twice the Work in Half the Time, Jeff Sutherland
SCRUM: The Art of Doing Twice the Work in Half the Time
A book about agile working from a non-IT perspective.

A New Psychology for Sustainability Leadership, Steve Schein
A New Psychology for Sustainability Leadership
The hidden power of ecological worldviews

The Management Shift, Vlatka Hlupic
The Management Shift
Includes: Emergent Leadership Model and 6 Box Leadership Model.

The Puritan Gift, Kenneth Hopper and William Hopper
The Puritan Gift: Reclaiming the American Dream Amidst Global Financial Chaos

Organizational Design Core

Organization Design, Jay Galbraith
Organization Design
This book contains the original STAR Model which included Technology.

Competing by Design, David A. Nadler and Michael L. Tushman
Competing by Design
Congruence Model

Requisite Organisation, Elliott Jaques
Requisite Organization
Good book about management practice and systems thinking.
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Change

Managing Successful Programmes, MSP.
Managing Successful Programmes (MSP).
A programme management process used worldwide maintained by the UK Government.
Suitable for any types of programmes.

PRINCE2
Managing Successful Projects. PRINCE2
A project management process used worldwide maintained by the UK Government.
Suitable for any types of projects.

Competitive Engineering, Tom Gilb
Competitive Engineering: A Handbook For Systems Engineering, Requirements Engineering, and Software Engineering Using Planguage

System Description: Society
Please see the following Links for the System Description: Society.
n PDF: System Description: Earth (Gaia) as a System of Systems, Version 0.20, 07-January-2023 (working)
n The System Description for the Society is included in the Earth SoS System Description.
n

Link to: System Description Society

References: Economy
Please see the following Links for the System Description: Economic System
n PDF:: System Description: Economic System, Version 0.0, 21-November-2021 (working)
n

Website:: sysdesc.info: Economic System

The Value of Everything, Mariana Mazzucato
The Value of Everything, Making and Taking in the Global Economy

Owning Our Future, Marjorie Kelly
Owning Our Future
The Emerging Ownership Revolution, Journeys to a Generative Economy

Saving Capitalism, Robert Reich
Saving Capitalism
Here is a video of an interview about the book Saving Capitalism
Saving Democracy

Reinventing Fire, Amory B. Lovins
Reinventing Fire
Solutions on the path to Net-Zero and beyond
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The Third Industrial Revolution, Jeremy Rifkin
The Third Industrial Revolution
Describes the three industrial revolutions and the value chain.

The Zero Marginal Cost Society, Jeremy Rifkin
The Zero Marginal Cost Society
More detail on the internet of things, the collaborative commons, and the eclipse of capitalism.

Natural Capitalism, Paul Hawken, with Amory Lovins and L. Hunter Lovins
Natural Capitalism
This book is an important part of Ecological Economics.

Drawdown, Paul Hawken
Drawdown
The Most Comprehensive Plan Ever Proposed to Reverse Global Warming

Adaptive Enterprise, Stephan Haeckel
Adaptive Enterprise: Creating and Leading Sense-And-Respond Organizations
Good people oriented systems view of the enterprise.

Competitive Engineering, Tom Gilb
Competitive Engineering: A Handbook For Systems Engineering, Requirements Engineering, and Software Engineering Using Planguage

Rethink the Bins, Julia L F Goldstein, PhD
Rethink the Bins
Your Guide to Smart Recycling and Less Household Waste

Enterprise Core
Please see the following Links for the System Description: Enterprise (SoS).
n PDF: System Description: Enterprise as a System of Systems (SoS), Version 0.16, 05-December-2022
n

PDF: System Description: Organization as a SoS, Version 0.13 05-December-2022

n

PDF: System Description: Capability as a System, Version 0.16 05-December-2022

n

PDF: System Description: Process (Human Activity), Version 0.4, 22-August-2022

n

Link to the Enterprise (SoS) Architecture Framework

n

Link to the Enterprise (SoS) Architecture Framework Definition

n

See System: Integrated Management System

n

PDF: System Description: Integrated Management System, Version 0.14, 20-November-2022

n

Website: EaaSoS.info

Competitive Advantage, Michael E. Porter
Competitive Advantage
Two key concepts are included in this book:
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n
n

Value System Examples on Page 34, 35
Value Chain

Adaptive Enterprise, Stephan Haeckel
Adaptive Enterprise: Creating and Leading Sense-And-Respond Organizations
Good people oriented systems view of the enterprise.

Lean Thinking, James P. Womack and Daniel T. Jones
Lean Thinking: Banish Waste and Create Wealth in Your Corporation, Revised and Updated
Good Reference for Product Teams and Change. Also the 5 lean principles.

Business Dynamics, John D. Sterman
Business Dynamics: Systems Thinking and Modeling for a Complex World with CD-ROM

Cradle to Cradle, Michael Braungart, William McDonough
Cradle to Cradle
Re-making the way we make things: Biological and Technical Nutrients and Metabolism

Material Value, Julia L F Goldstein, PhD
Material Value
More Sustainable, Less Wasteful Manufacturing of Everything from Cell Phones to Cleaning Products

Architecture / Design Core

Architecting Systems, Hillary Sillitto
Architecting Systems

UML 2 and the Unified Process, Jim Arlow and Ila Neustadt
UML 2 and the Unified Process: Practical Object-Oriented Analysis and Design (2nd Edition)
This book provides a view of UML throughout the system life cycle.

Applying UML and Patterns, Craig Larman
Applying UML and Patterns: An Introduction to Object-Oriented Analysis and Design and Iterative Development
Good examples for applying UML.

SysML for Systems Engineering, Jon Holt and Simon Perry
SysML for Systems Engineering
Includes a description of the Framework for Architecture Frameworks (FAF). This is the basis for the
COMPASS Project CAFF.
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Diagnosing the System for Organizations, Stafford Beer
Diagnosing the System for Organizations
Easy way to learn the Viable System Model (VSM)

The Fractal Organization, Patrick Hoverstadt
The Fractal Organization: Creating Sustainable Organizations with the Viable System Model
VSM is used as a reference model

The Compass Project, The Compass Club
The Comprehensive Modelling for Advanced Systems of Systems.or the COMPASS Project provides the terminology and concepts used in this document for a system of systems.
n Link to the online version (COMPASS Project Deliverables) of the COMPASS Project documents.
Link to the Compass Research (Compass Project deliverables)

Object-Oriented Analysis and Design, James Martin and James J. Odell
Object-oriented Analysis and Design

Unified Modeling Language (UML)
UML is an Architecture Description Language used to create the architecture frameworks used in the various system areas.
UML is also a best practice method with extensive documentation.
n See UML
As an Architecture Description Language, UML contains a number of diagrams described by Model Kinds. The following diagrams are used in the architectural area:
UML Structure Diagrams
n
n
n

Class Diagram
Object Diagram
Package Diagram

UML Behavior Diagrams
n
n
n
n

Activity Diagram
Sequence Diagram
State Machine Diagram
Use Case Diagram

The diagrams have specific symbols / language elements that can be placed on a diagram. The instructions for creating each of these types of models is considered a Model Kind.
UML Modeling Conventions
Unified Modeling Language (UML) provides a language for creating diagrams that have a consistent meaning.
This document contains the modeling conventions that apply to UML Class Diagrams as they apply to systems.

What are the modeling Conventions?
The following conventions from various modeling languages, such as the Unified Modeling Language (UML) or System Modeling Language (SysML) are also used in some of the system diagrams:
The UML Class symbol
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The UML Generalization Symbol

The UML Collection symbol

The UML Association symbol
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