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Gala
| -

“...a complex entity involving the Earth’s biosphere,
atmosphere, oceans, and soil; the totality constituting a
feedback of cybernetic systems which seeks an optimal
physical and chemical environment for life on this planet.”

Venus: N (<2%) CO2 (95%) No oxygen.
Atmosphere in chemical equilibrium

Mars: N (<3%) CO2 (95%) No oxygen. At-
mosphere in chemical equilibrium

Earth: N (77%), CO2( 0.03%) 21% oxygen.
Atmosphere not in chemical equilibrium

LStabiIity provided by the presence of life J
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Temperature Regulation and Daisywor ld

fDaisyworld IS a simple model system that demonstrates T
regulation.

#® Single species - daisies.
# Single characteristic - colour.

T T
Bare planet —s /" .~

40.0 -
Black Only

Temperature C

| \ Bare Planet
/ . | . |
1.0 15

Insolation L

Gaia and Daisyworld — p.3/10



Daisy

world In zero dimensions
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Figure .01 Schemsatic model of Daisywordd, whose suface iz covered by black and white daizies and
amply sres, The termperature of Daisyword iz related to how much energy iz receivad and how much is
raflacted; the difference iz the smount of solar enengy sbeorbed. The amount of enargy reflacted back to
space depends on the planet's albedo [the fraction of light enargy that is reflected). The albeda in tum
depends on the cowverage of white and black daisies. The hest radisted to space iz a function of how
much energy iz absorbed.
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Daisyworld In zero dimensions

o N

The original model can be cast as a set of coupled
differential equations.
Replicator equations

Oty
o = ay(agB(Tw) — )
oJe!
D0 = aplagh(Ty) — )
where
8T { ] — k(TO— Topt)? 1 — k(T — jopt)Q > 0
,otherwise

Land {a}’s are the daisy and ground proportions. J
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Daisywor ld In zero dimensions ctd.

o N

We impose temperature balance
ospTt = SL(1 — A),

the patch albedo

A= Z AZ'CVZ'

i={b,w,g}
and the heat transfer between patches
T{b,w,g} — q(A - A{b,w,g}) + 17

Exact Solution possible (Saunders (1994)) reveals the
Ltemperature regulation at the fixed points of this system. J
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Daisyworld in two dimensions

o N

Daisyworld using cellular automata.
Implement a temperature diffusion equation.

C%—{ = DV?T + SL(1 — A) — 04T

Heat Capacity Diffusion Absorbtion Radiation

Use a linear Stefan-Boltzmann law for speed.

The daisy field evolves stochastically by spreading and
evolving from neighbouring sites.
B(T)

i
H— B bad

LThis model is more stable than the zero dimensional modeIJ
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Results

-

Catastophic desert formation

Maximisation of replicating life
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Complications

o N

Neo-darwinism: every gene for itself

Gala theory: Life modifi es its environment
to be favourable for life

Seems Gaia is robust: Work in progress
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Discussion

-

Daisyworld is a primitive model system that gives
Insights into complex behaviour.

The regulatory behaviour emerges spontaneously as a
result of feedback and replication. Not such an
Implausible scenario for any form of life.

Principle — look for planetery life by looking for planets
out of equilibrium.

Not many experiments: Earth, Mars, Titan?, Jovian
Moons?...

Extending models of Gaian Systems and Daisyworld
only method of verification.
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	Daisyworld in zero dimensions

