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t of the surface of the earth. At the
straints on the biota, so that life and the
oupled system. Unfortunately, the system is
5 to mode! it adequately. To investigate the properties
on the system, we chose to develop a model of an
biosphere. It consisted of just two species of daisy of
st described by Lovelock (1982). The growth rate of the daisies
mental variable, temperature, which the daisies in turn modify
amounts of radiation. Regardless of the details of the interaction,

shape of the growth-temperature curve and is independent of the mechanics by which the biota
are assumed to modify the temperature. We sketch out the elements of a biological feedback
system which might help regulate the temperature of the earth.

1. Introduction

have chosen to study an artificial world, having a
very simple biota which is specifically designed to

On earth, modification of the environment by display the characteristic in which we are

living things is apparent on any scale that one cares
to look at, up to and including the global rscalre. In

interested—namely, close-coupling of the biota and
the global environment. By simplifying our bio-
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Osnovni parametri moae

* a,, = povrsina pod belim krasu x

* o, = povrsina pod crnim éﬁ

* X =,,prazna* povrsi

* [3 = stopa radanja ‘“ Krasulj

oy = stopa S r Iobal ka 51)

# T=ef mper “alna)

* Tl Iéa temperatnwekom delu povrsine

% thimalna temperatura za jednu ili drugu vrstu
krasuljaka

* = parametar koji opisuje prenos toplote




Osnovne jednacine

Ty =T+ q(A-Ay) To =T+ q(A-Ay)
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Dve ili vise vrsta krastlick:...
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Fig. 2. Steady state responses of daisyworld with eq.
(8). (a) Areas of black and white daisies; (b) Effective
temperature T,.
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one species with A;=0.75
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SOLAR LUMINOSITY (L)

Fig. 1. Steady-state behavior of daisyworld. (a) Areas
of four species, where A4,, 4,, A;, and A, are 0.2, 0.4,
0.6, and 0.8; (b) Effective temperatures for one to four
species: for four species, albedos are as given above; for
three species, 4,, A,, and A4; are 0.1, 0.4, and 0.7; for
two species, A; =0.75 and A, =0.25; for one species,
Al = 0.25 or AI = 0.75-
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“Wet/dry Daisyworld™: a conceptual tool for quantifying
the spatial scaling of heterogeneous landscapes and its
impact on the subgrid variability of energy fluxes
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ABSTRACT

lanleutpwlmp!.:dmwucln in which feedbacks from the biosphero
A simple model, referred 10 a8 dassyworkd, was
lmwmmm-mmwuwm.mnum

h gases in which bare sodl and daisies

of dilferent cokus & 50 i o

Sanasl ditkoes. [n the cursent paper,

x b

stable
MWMhmﬂmM&muﬁmbﬂm&mMMwu
found that periadic, and even chaotic, sul.nnmu-hnthm
biota and

sccepled that the Earth is a
single system which consists of the biota and
their environmenl. These two elements of the
tysmnmclm&yoonplod lhcb-ounwhw the

{e.g., <l om i y scale)
and, in tum, the environment nunmlhoml—
ution of the biota and dctates what type of hife
can exast a3 & conseguence of Durwinian natural
selection. Changes in one part will influence the

i Mchmmdnmnsmﬂldbymuw-umm
punov exponents These results show that stable dimatic conditions are
in dalsyworld, despite the preseace of daisies which supply the
A isyworld is 2 simple model, the mathematical analysis of this
validity of the Gaia Bypothesrs

In the past few years, a model, daisyworld,
which is an active systemn where the biota and the
environment are lightly coupled. was first de-
scribed by Lovelock (1982) and used to study the
interaction between daisies of one o two species
and the lemperature of the environment (Watson
and Lovelock, 1983). These suthors found that
1he inciusion of feedback from the environment,
regardiess of 11s direction, stabilized dassyworld,
and this was comsistent with the earfier Gaia
hypothesss that the climste and the chemical

mposilion on the Earth bave been and are

other. being opposed by pegative leedback or
enhanced by positive feedback, and this may lead
0 oscillation or chaos in the system. Therefore, in
order for chimate models o predict the conse-
quences of changes cawsed by human sctivies
(€5, the Increase of greenbouse gases), the blota
should be included In the model On the other
hand, the biota and the environment of the Earth
are 50 complex that this system, or even a single
mspect of feedback in i1, can not yet be
adequately described by simple mathematical
equations.

Tellus 426 (19%), ¢

maintamed at 3 steady state by the presence of
Tife aself (Lovelock and Margulis, 1974).

Though the feedback in daisyworld I much
simpler than that on the Earth, research on such
an imaginary planet may provide insight into the
properties of the Earth’s climate. Therefore,
further stodies are needed, The purpose of this
paper = to study the fctional world in more
detail, and, especially, to eval the chaoti
properties of this model. Both qualitative and
quantitative methods from modern chaes theory




| ima jos dosta pos!a .

* Modeli sa faznim prelazi
ponasanja — ova resen;

* Dalje ekstenzije
« Efekti tektcg@?
I

@\kveliku raznovrsnost
i

blizn sifikovana!

# Efekti jh prome plitude (Milankovicevi ciklusi)?

jednokratmth/pe acija (npr. snowball Earth)?
sivne paralelizaglje omogudava postizanje visoke
olucije — novi efekti se kriju u informaciji izgubljenoj
srednjavanjem!



Druge povratne sprege:

hipoteza

Charlson, Lovelock,
Andreae & Warren

(1987)
Dvostruko povecanje
uloge fitoplanktona:

* fizioloSki efekat
zagrevanj
& Pojaéanax

fotosi
D sulfid = CLAW hypothesis
(C Negative feedback loop
Sulfatni aerosoli...
Veoma znacajno za Enhanced
savremene debate u BMS

production

vezi geoinzenjeringa!




- o eSSt




Povratna sprega uzrokuje ,,cine

labudove‘...

* ...ipozitivne i negativne! g 3,000
. ] ! | _JRfel
* Perturbacije generi

Cli ‘ / EDJIA
. . R . TUS Tre
kvazistabilnog sist itivnagy | ¥ _ -
|
Q 2‘{eé:e?@{e{¢,¢{e{¢£¢{é{v‘}xe? |

povratna spre

+ Odgovor nagednu vrstu
pertur Iiva dr

* E prinuda = veoma bitan
faktor u analizi stabilnosti.

* Analiza sistema: nova i dinamicna
oblast nelinearne dinamike.




- . \\
+ Bioti¢ka povratna s r‘ ogromnu ulogu u
nastanjivosti... $
o&o
njivosti — a najvedu
mo u astrobioloskom

# Zivot menj oncept za Zivot.

* Razn
ra

t je prija

lj
st upra e

stu!

ek smo na pocetku (eto prilika za rad mladih
astrobiologa)!






