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How do you represent a system?
« a complex, historical example
* a simpler example

A CEDAR-GEM system diagram

\WWhere do we go from here?
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A Complex System: Terrestrial Climate and Biochemistry

Continents and Topography| Insolation (Milankovitch)

e o oIl 5155 s Ll o

_Exoess Water
e
e

SST, Mixed Layer Depth, ‘

Upwelling, Circulation

Temperature Extremes Vegetation n(COy),
Soil moisture GPP IAmwn?.Qpre. Siressl I n(Greenhouse Gases) |

I UV, Particles || #(H0) 9(S.N....) |

oo | [~ o
Ef.’;'ﬁ?); [nC02| | 4(CO,). oS NHa) n(CO,). pH(precip) #(C02 N0, CHa, NHs)

Foraminifera (Temperature)| m

Fluid and Biological Earth Processes: Detailed Information Flow
[(...)=flux, n(...)=concentration

Figure 3 from NASA Advisory Council Earth System Sciences Committee, Earth System Science Overview, Washington, D.C., May 1986.
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A Simpler System : The Human - Hamster System

The relation/interaction of a
\ child with a confined pet is a
system that exhibits complexity.
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A Simpler System : The Human - Hamster System

The relation/interaction of a
\ child with a confined pet is a
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system that exhibits complexity.
Play/Interaction /
- >) o
Resource Allocation Feedin ( Health/Vitality
Allowance > > Temporal . ° > Stimulation
Chores LONSEIR Cleaning Cage > Nourishment,
< Activity
Intellectual Core Cleanliness
— s Stimulation, Curiosity
Learned Knowledge Mammalian
e < T Behavior Learned Behavior
Biting,Scratching
Emotional C Act Cute/S I
r.nO ional Core Overwhelming Bc ute/Snuggly
Affection, Attachment <~ teness egging
Nurture Instinct
k Fear, Regret j K

Thomas Immel (University of California, Berkeley), CEDAR-GEM 2011, Santa Fe



A Simpler System : The Human - Hamster System
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" Resource Allocation

A feedback loop exists, whereby the
hamster excites the intellect and emotions
of the child, and is so attended to, fed, and
allowed to learn behavior that supports this
interaction.
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A Simpler System : The Human - Hamster System

By activating human emotions,
\ the hamster elicits a non-linear
response to its actually quite
minimal input.
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A Simpler System : The Human - Hamster System

High | \
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[5 The combination of feedback and
= non-linear response in the
§ system contribute to childrens’
8 Interest in hamsters greater than
§ Almost Anything practically any other thing.
Zero Time >
Positive s System preconditioning comes in
o several forms.
& » Age of owner (sensitivity to
= initial conditions (see plot))
T Age | » Has the child ever suffered
£ hamster bites? (memory)
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System Diagram Findings

Limitations
* It's difficult to represent time dependence.

» Actual effects of feedback are left to the reader to guess.

A limited hierarchy in representation types mixes weak
and strong drivers together.

« Complexity involved with preconditioning, memory,
iInstability are best described separately.

Strengths

* It allows one to convey important aspects of a dynamic
system to a wide audience.

* It reduces a system to components that can be identified
for focused study.

 Correctly done, it can be an enduring statement and
signature of the level of knowledge in a scientific field.
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An example CEDAR-GEM system diagram
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The CEDAR-GEM system diagram

Type 1

System preconditioning and
memory is believed responsible
for the susceptibility of the
magnetosphere to 2-stepped
geomagnetic storms.

LT Kamide et al., 1996
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The non-linear response of the
i +  ®,. cross-polar-cap potential to the
200 1 - L M50 Imposed potential in the solar
wind may be due in part to
047 f e adbo feedback in the system.
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Is it more “emergent” than a
hamster in a party hat?
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Where do we go from here?

Share and discuss your views on

> the utility of a systems view for our
fields.

, Contributions to system diagram ideas
are very welcome.

Damp non-linear emotional responses,
or you may develop your own
emergent behavior

STRATEGIC VISION
for the National Science Foundation Program on
COUPLING, ENERGETICS AND DYNAMICS OF ATMOSPHERIC REGIONS
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