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The state of the Earth



Drivers of
Global Change

From: Steffen et. al
2004
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Metrics of
Global Change

From: Steffen et. al
2004
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Planetary Boundaries
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4.5 Extinction rates
for bi.ds and mammals
liave been st 2adily in-
Creasing, with tl.» niost
'famatic increase occur-
ing within the last 150

¢ 5. (Data fro.n Nilsson
/83; TUCI] 1988.)
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Difference |°C) from 1961-90

Recent Warming is very rapid prepared to past changes

— T T "1
inakrumenial data (AD 1902 -19949)
Reconstruciion (AD 1000-1580)
Reconsirucion (40 yesr smooihed)

Linear rend (AD 1000— 1900} - — - - cer e cee om0 StSIUMEN1A] va e

20th centway was the
warmest of the Millenivin

Source: IPCC TAR m



The planet is now outside of it's normal “Operating
Regime”, making prediction difficult... ... ..
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Living Planet Index, 1970-2000
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GENUINE PROGRESS INDICATOR

GROSS PRODUCTION VS. GENUINE PROGRESS, 195
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The scientitic revolution



“The book of the Universe...1s written 1n the
Language of mathematics.” Galilieo. 1564 - 1642



M.

“I have described the Earth and the whole visible
Universe 1n the manner of a machine.”

Descartes. 1596 -1650



“We should endeavor to establish and extend the

power and dominion of the human race itself over
the Universe.” Francis Bacon. 1561- 1626



Anima Mundi



“Gaia, the beautiful, rose up, broad blossomed, she
that 1s the steadfast base of all things. And fair Gaia
first bore the starry Heaven, equal to herself, to cover
her on all sides and to be a home forever for the
blessed Gods.” Hesiod.700 BC



The ‘Jungian Mandala’
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Deep Ecology
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Aldo Leopold, 1887-1948

“A thing 1s right when 1t tends to
preserve the integrity, stability and
beauty of the biotic community, 1t 1s
wrong when 1t tends otherwise”



Arne Naess









N14: VEGETARIANISM!

: ENVIRONMENTAL N1: MEANINGFUL LIFE FOR ALL!
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m.oumgn WI’I'HTII‘T MEANING o
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N2: PRESERVE RELATIONS!
H13: SELF-REALIZATION THROUGH HB: NON-
IDENTIFICATION IS A PROCESS THAT ”ﬁm SIMPLISTIC LIVING
ALLOWS RELATIONS TO FLOURISH H2: RELATIONS DO NOT , DIMINISHES
FLOURISH WITHOUT EXCESSIVE DIVERSITY
RECOGNITION OF THE DESIRES ABOVE
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“All life has intrinsic
value, 1rrespective of
1ts value to humans”

Arne Naess, Professor
Emeritus;Oslo University
-



The ‘Jungian Mandala’
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Holistic Science

‘involves a shift in emphasis from:

Parts to Wholes

Objects to relationships

Hierarchies to networks

Truth to approximate descriptions

Objective knowledge to contextual knowledge

- Utilitarian values to Intrinsic values
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The mainstream view 1n the 1960’s:

(The b1ota

The abiotic environment
—p -Rocks S

-Atmosphere
-Water
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According to Gaia Theory:

The biota

GAIA
Emergent Self-Regulation

The abiotic environment
-Rocks
-Atmosphere
- Water
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Hermeneutics:

The art, theory and practice of
interpretation of texts and other ‘signs’



““.. the expression of life shapes the
context within which life understands
itself (e.g. the atmosphere), thus leading to
new interpretations and to new meaningful
expressions (metabolic novelty)

— the hermeneutic circle lives as Gaia.”

Paraphrased from Adam Croft.
MSc Holistic Science dissertation, 2007.



The evidence for Gaia
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Estimated change in surface temperature during the Phanero-
zoic eon. (From K.C. Condie and R.E. Sloan: Origin and Evolu-
tion of Earth: Principles of Historical Geology, 1998. Reprinted
by permission of Prentice Hall, Upper Saddle River. N.J.)
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The planet is now outside of it's normal “Operating
Regime”, making prediction difficult... ... ..
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Million

Period  years ago Groups experiencing mass extinction

Quaternary £ 0.01 —= Pleistocene: large mammals and hirds
Tertiary -
Ty Cretaceous: ruling reptiles [dinosaurs); many marine
species including many foraminiferans and mollusks
Cretaceous
Turassic - Extincts
inction g -
= 180 — s Triassic: 35% of animal familics, including many
Triassic - reptiles and marine mollusks
N Extinction ) _
A By e Permian: 50% of animal families, including over 95%
Permian - of marine species; many trees, amphibians, most
o bryvozoans and brachiopods, all trilobites
arhoniferous -
Extinction
= 345 — r * Devonian: 30% of animal families, including agnathan
e and placoderm fishes and many trilobites
Silurian-|
Ordovician -
Extinction i : s =
; = 500 — = » Ordovician: 50% of animal families, including many
Cambrian - ) . trilobites

Bar width represents
relative number of
living groups



(Gala 1n action



Cybernetics

Cybernetics was defined by
Norbert Wiener, 1n his book of
that title (1948), as the study of
control and communication in the
animal and the machine.



Basic Cybernetics

Direct coupling
t A— Bt

Inverse coupling



Negative and Positive Feedback

Hunger « Paranoia
\
- \\ +
Negative \ ..
(self-limiting) | Posttive

roedback I (self-amplifying)

I feedback

I

Food Consumption / Distorted perceptions
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Coccolithophore calcite production, March 2003
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Silicate rock wegthering
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Coccolithophorids
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Diatoms

Stephanopyxis

- Planktoriclin







Atmospheric CHyg,
10 Gt({C)
Living biomass

610 GtH{C)
Atmospheric CO-s
760 Gt{C)

Oceanic dissolved CO,
740 Gt(C)

Oceanic carbonate ion
1300 GtH{C)
Organic carbon In
soils/fsediments 1600 Gt{C)

| Fossil fuels 4200 G(C)

Oceanic blcarbonate ion 37,000 Gt(C)

FIGURE 7-3
[eservoirs of carbon at or near Earthh’s surface {(circa 1997).
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SUBDUCTION ZONES

Carbonate metamorphism

CaCO;+ Si0;, = CaSiO; + CO;

o ammosphere




Basic Cybernetics

Direct coupling
t A— Bt

Inverse coupling



Volcanic eruptions ,
Gaia’s
& Temperature

Carbon dioxide 1n / \

I the atmosphere
| Rainfall

\
\ . Blologically assisted /

silicate rock weathering
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1 — Proterozoic granitoids; 2 — Devonian to Lower Carboniferous limestones; 3 — Lower Carboniferous
shales, greywackes and conglomerates; 4 — surface reaches of streams; 5 — subsurface reaches of
streams; caves with key sedimentary sections: SC — Sloupsko-sosuvska Cave;

HC - Holstejnska Cave; ZC — Zazdena Cave; OC — Ochozska Cave



The Carbonate-Silicate (Bio)Geochemical Cvcle

LAND

Silicate rock weathering

CaSiO, + 2CO, + H,O = Ca’” + 2HCOy™ + SiO:
from atmosphere used by diatoms

OCEAN

Ca’" + 2HCO; = CaCO; + H0 + CO;

chalk 1o atmosphere

LAND
Carbornate weathering

C3C03 L= H;O 4= COZ s Ca -8 + ZHCOS‘
“V.h&tmﬁ'igm{-@

SUBDUCTION ZONES

Carbonate metamorphism

te atrmosphere
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Type of Surface | Albedo
Sand - 0.20-0.30

~QGrass .0.20-0.25

Forest | | ‘ ~0.05-0.10
Water (overhead Sun) 0.03-0.05
-Water (Sun near horizon) 0.50-0.80
- Fresh snow 0.80-0.85
Thick cloud 0.70-0.80




MAS - Dbomo3M~

. ~ _
Temperature

With (ife

TIME —>

THE EVOLUTION OF
CLIMATE ON




Temperature (°C)

Abundance

~J
(&) ]

(&)
o

0.8

0.6

0.4

0.2

Biomass

~

\\/

Dark daisy

Diversity

__-f]

ot
o

o
>

o
(N

Diversity index



Recipe for a Gaian system.

1. Living organisms which grow
exponentially.

2. Natural Selection.

3. Organisms which affect their
physical and chemical environment.

4 .Constraints or bounds to organisms’
growth set by the environment.

- Adapted from: J.E.Lovelock, ‘Ages of Gaia’ OUP 1988



Gaia theory is about the evolution of a tightly
coupled system whose constituents are the biota
and their material environment, which comprises
the atmosphere, the oceans, and the surface rocks.

Self-regulation of important properties, such as cli-
mate and chemical composition, 1s seen as a con-
‘sequence of this evolutionary process.
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Atmosphere

Sea surface

DMS production temperature

\ Coccolithophore blooms

Ocean



‘/lfigure 1. The CLAW hypothesns
(Reprinted - irom Andreae, {1990),
after Charlson et al,’ (1987) “with -
permlssson from Elsevler Sclence)
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Why emit DMS?

1. For the good of Gaia

2. To combat drying out

3. Dispersal
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Sperm Whale

12,000 Sperm Whales 1n the Southern Ocean fix
240,000 tonnes of C/yr by transferring Fe from the
ocean depths to the photic zone via their (liquid)
faeces Lavery, T, 2010. Proc. Roy.Soc. B.



Rare Earth Factors

Right distance from star Right mass of star Stable planetary orbits

Habitat for complex life. Long enough lifetime. Giant planets do not
Liquid water near surface.
Far enough to avoid tidal

lock.

Not too much ultraviolet.  create orbital chaos,

Right planetary mass
Retain atmosphere and
ocean, Enough heat fi
plate tectonics.

Jupiter-like neighbor
Clear out comets and

asteroids. Not too close,

not too far.

A Mars

Small neighbor as
possible life source to
seed Earth-like planet,

Solid/molten core. if needed

Plate tectonics Large Moon
Right distance
Stabilizes tilt

Ovcean

& %
Not too much.
Not too little.

CO,-silicate thermostat.
Build up land mass.
Enhance biotic diversity,
Enable magnetic field.

The right amount

of carbon

The right tilt Giant impacts

Enough for life.

Seasons not too severe. Few giant impacts.

No global sterilizing Not enough for

impacts after an initial Runaway Creenhouse,

period.

Atmospheric properties Biological evolution Evolution of oxygen

Maintenance of zdequate  Successful evolutionary Invention of photo-

temperature, composition  pathway to complex synthesis. Not too much

or too little, Evolves at
the right tim

and pressure Jor plants plants and animals.

and animals.
Wild Cards
Snowball Earth, Cambrian

explosion. Inertial

Right kind of galaxy Right position in galaxy

Enough heavy elements. Not in center, edge

Not small, elliptical, or or halo.
interchange event.

(W Lo QV\)D""(}—‘—

irregular.




4.6 TO 2 BILLION YEARS AGO (BYA

PREPALEOZOIC
0°C-40°C (?)
No Evidence of Ice
Planetary Crust Forms

Atmosphere: Volcanic Outgassing
Nitrogen, Carbon Dioxide, and ?

Primordial Ooze of Organic Molecules
Organic Soup
Anaerobic Bacteria

2 BYA TO 600 MILLION YEARS AGO

PREPALEOZOIC
0°C-30°C (?)
Some Periods of Ice
Ancient Continental Development
Oxygen Buildup Intensifies

—9:20 A.M.

600 TO

60_MYA .
Z01C- |
MES0Z0IC-

EARLY CENOZOIC

Generally Warm
Some Glaciations |

Drifting Confinents|

0, Reaches
Present Levels

=BELOW LEFT

SEE DETAIL:

: =
B .
<o
=
=)
=
|

MONDAY
60 MYA T0 10,730 YA

SUNDAY

TUESDAY .

WEDNESDAY THURSDAY

10,000 YA TO' PRESENT

FRIDAY

CENDZOIC

; Gradual Czolizy 10 Permanent Fo'zr loo
] with jce Ages -
J Continc..ts, Mountai~s, Sceans Mov:

. Tuward Presa:.. Positions
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Interglacial
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4.1 Photomicrographs of
cyanobacteria. These «re
the organisms that first
used the energy of sunlight
to produce organic

materials and oxygen. They
have been, both in the ‘iee
state, and as
endosymbionts, the
primary producers from the
beginning of the Archean
until now. (Photographs
courtesy of Michael
Enzien.)




Hydrogen loss

During the Archean, there would
have been a continuous production
of hydrogen gas from the reaction of
oxides in basalt rock with carbon
dioxide and water. Water would have
been split (see diagram) releasing
hydrogen to the atmosphere, and
locking the oxygen into the various
carbonates of sodium, potassium,
calcium, magnesium, and iron. Two
important consequences would have
arisen from this reaction. Firstly, the
maintenance of an oxygenfree
atmosphere and surface, providing a
favourable environment for the
accumulation of life chemicals. And
secondly, the loss of hydrogen to

P

2H, + 0, - 2H,0

7

! A_,A_n_.., o

)

i
/

Photosynthesizers

2Fe0 + 3€0,

How life has kept the planet

moist

If hydrogen had continued to escape
to space, then within a couple of
billion years, Earth might well have
lost all its water and become an arid,”
lifeless planet like Mars or Venus.

Bacteria

of photosynthesis (and of carbon

burial)

. Some of this oxygen would

undoubtedly have combined with
free hydrogen in the reducing

atmos

phere of the Archean to form

+« meavanting ite Inge tn epace

diagram) would have been used by
certain bacteria to gain energy by
making hydrogen sulphide, and the
hydrogen thus would have been
retained. The presence of life in the
Archean saved our planet from a dry




/
4.0 eons BP

The results of the Archean mudel

The model results match what is
kn~1, of the Earth 5 cnily hist2.y.
imate i ".ph (lower) shows
<, the warming Sun
would . »'.'_dtn a steadily warming
Earth (doited line). The solid linean
the same greph shows how life
changed all this. Therz is an abrupt
fall of temperature after life starts,
duzto ar-pid Jdecline of carbon
dioxide as it was us ed up Hy the
photosynthe cizers. The temperature
then stabilizes, risiag slowly
throughe . the Archean. Tk + - pper

MAKING MODELS OF THE EARTH'S EARLY CLIMATE

~ " Temperature
without life

graphs of the gases :..... the
bacterial populations chow why —.
methane ficm the fermenters was
accumulating .1 the atmasphere an !
its greenhouse effecl replacing th=.
of carbon dioxidz. vhe temperat.. :
suddenly falis wnce miore atthe zid
of the Archean, when tne cud -
appearance of free oxyge~ 1 cins
the deci.ne  f methanr .

Arapid reduction of carb-»..
dioxide abundance after life |
consistent wi*' e Earth's s .«
weathering r :cord. The kg "

139

e o SR |
2.9 2.0

. lemperature was fairly stable in the

Archean but a cold glacial interlude
about 2.3 eons ago may have
«sarked its :nd. The mude! matches
this pattzrn.

Like Daisyworla, this model shows
an abri'pt cnage cf conditions as
so -~ -, life st.rts. The organisms
gru'r and change their environment
and we atmcespt.zre rapidly, tila
steady statzisrezchad ind Ceia
runs onin con h:meos..sis.




Golgi body

Noncellulosic Large
cell wall <= || ribosomas

Cell membrane =
Nucleoid

Small ribosomes

Chromatin

Kinetosome (9 + 0)

PROKARYOTE |

Figure 1-1

Mitochondria Plastid
Thylakoids

Plastid
inner mernbrane

W Clastid
outer membrane

|| —=Nucleus

il— =Nucleolus

= Nuclear membre ne

T=Cell membrane

Cell wall ;
(cellulose or chitin)

Undulipodium (©® + 2)

—Cell membrane

SEe L

EUKARYOTE

T):DLcal prokaryotic and eukaryotic cells, based on electron microscopy. Not every
grg aryote or eukaryote has every feature shown here. "9 + 0" and "9 + 2" refer to the
S8 seclions of kinetosomes and undulipodia, shown in Figure 1-2. :




Basidia
Asci

Bone
Shell

{| Tannin
Lignin

Cellulose &S/ Muscle Soredia
ANIMALIA FUNGI
Histogenesis Dikary osi§
Blastulas Spores by
Embryos in Complex zygotic meiosis
maternal tissue cell junctions
Cametic meiosis
3 Conjugation
PROTOCTISTA i
Algae, water molds, Centrioles
slime molds, slime \ Undulipodia
nets, protozoa \} Zoospores

Phagocytosis
Intracellular motility
Endomembranes

/ Nuclei

Differentiation Endospores

) i ticellularit
Muticellularity i

Photosynthesis Motility Fermentation Respiratinn

Heat and
acid resistance

‘
- Coccoid cy~nobacteria®  Spirochetes* Thermoplasmast Paracocci®
Chloroxybacteria® spiroplasmas*® Bdellovibrios*

MONERA
*Eubacteria - TArchaebacteria :

Firauae 1-1
Model “or the origin of cukaryouic cells by symbiosis.




THE MACROCOSM (Visible Organisms)
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The ‘Jungian Mandala’

Intuition

Feelin g Thlnklng

Sensing



How do we value
nature?






What'’s it worth?

Global value of énriu.a].' -
‘ecosystem services’ ($ trillion)

Marine 20-949
Coastal
..Open ocean
Tercestrial

Wetilands
Forest
Lakes/rivers
Grasslands
Crops




Shallow (Reform) Ecology

MNatural diversity is a valuable
resource for us.

It is nonsense o talk about
value except as value for
mankind.

Plant species should be saved
because of their value as
genetic reserves for human
agriculture and medicine.

Pollution should be decreased
if it threatens
economic growth.

Developing nations’
population growth threatens
ecological equilibrium.

“"Resource’ means resource for
humans.,

People will not tolerate a
broad decrease in their
standard of living.

Narure is cruel and necessarily
S50,

Deep Ecology

Natural diversity has
its own (intrinsic) value.

Equating wvalue with wvalue
for humans rewveals a racial
prejudice.

Plant species should be
saved because of their
intrinsic wvalue.

Decrease of pollution has
priority over economic

growth.

World population at the pres-
ent level threatens ecosystems

but the population and
behavior of industrial states
more than any others. Human
population is todavy

excessive.

“Resource’ means resource
for living beings.

People should not tolerate a
broad decrease in the quality
of life but in the standard of
living of overdeveloped
nations.

Man is cruel but not
necessarily so.




The new Ecuadorian Constitution

e "Nature or Pachamama, where life 1s
reproduced and exists, has the right to exist,
persist, maintain and regenerate its vital
cycles, structure, functions and 1ts processes
in evolution. Every person, people,
community or nationality, will be able to
demand the recognitions of rights for nature
before the public bodies."



The Deep Ecology Platform



1. The well-being and flourishing of human and nonhuman life onEarth have value
in themselves (synonyms: inherent worth, intrinsic value, inherent value).
These values are independent of the usefulness of the nonhuman world for human purposes.

2. Richness and diversity of life-forms contribute to the realization of these
values and are also values in themselves.

3. Humans have no right to reduce this richness and diversity except to
satisfy vital needs.

4. Present human interference with the nonhuman world is excessive,

and the situation is rapidly worsening.

5. The flourishing of human life and cultures is compatible with a substantial
decrease of the human population. The flourishing of nonhuman life requires
such a decrease.

6. Policies must therefore be changed. The changes in policies affect basic
economic, technological, and ideological structures. The resulting state of affairs
will be deeply different from the present.

7. The ideological change is mainly that of appreciating life quality (dwelling
in situations of inherent worth) rather than adhering to an increasingly higher
standard of living. There will be a profound awareness of the difference between
big and great.

8. Those who subscribe to the foregoing points have an obligation directly
or indirectly to participate in the attempt to implement the necessary changes.
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Tub. 1 — Some differences in eraphasis between two modes of holistic science.

Detached Holistic Science Participatory Holistic Science

Detached observers of systems Participatory experiencers embedded in the world.
Implicit instrumental values Explicit intrinsic values

Knowledge for control Knowledge as belonging

Intuition hardly acknowledged Intuition as method




“Arimate Earth represents systems science at
its best . . . gives a wholé new dimension to
what ‘environment-friendly” really means.”

Jonathon Forritt

“For depth of understanding of Earth
hunctioning and our buman role in the
process, Stephan Harding's Amimare Earth
is the finest of recent stodies.”
Thomas Berry, author of The Great Work

In Animate Earth Stephan Harding explores how Gajan science can help us

to develop a sense of connectedness with the ‘more-than-human' world, His work
is based on a careful integration of rational scientific analysis with our intuition,
sensing and feeling—a vitally important task at this time of severe ecological and
climate crisis,

Stephan Harding replaces the cold, ebjectifying language of science with a way
of speaking of our planet as a sentient, living being rather than as a dead, inert
mechanism. For example, chemical reactions are deseribed using metaphors from
human life, such as marriage, attraction, repulsion etc, so as to bring personality
back into the world of rocks, armoesphere, water and living things. In this sense, the
book is a contemporary attempt to rediscover anima mundiithe soul of the warld)
through Gaian science, whilst assuming no prior knowledge of science,

Animate Earth argues that we need to establish a right relationship with the plan-
et as a living entity in which we are indissolubly embedded—and to which, in the final
amalysis, we are all accountable. The book inspires the reader to connect with a pro-
found sense of the intrinsic value of the Earth, and to discover whit it means tolive as
harmoniously as possible within a sentient creature of planetary proportions.

The Auther: Dr Stephan Harding holds a doctorate in ecology from the
University of Oxford. He is the Co-ordinator of the M3c in Holistic Science at

Schumacher College. where he is also Resident Ecologist and a teacher on the short
course programme. He lives in Dartington, Devon, where the college is based.
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Global Carbon Cycle
(in GIC)

60 Atmosphere
4° 750
Q‘,:ﬁ 1.6
2 S .
S Fossil fuels and
: cement production

Vegetation 610
Soils and detritus 1580
2190 92

Surface ocean
102D

Marine biota
3

)

Dissolved 6 |Intermediate and
organic carbon| deep ocean

<700 38,100

Surface sediment
150



The Carbonate-Silicate (Bio)Geochemical Cvcle

LAND

Silicate rock weathering

CaSiO, + 2CO, + H,O = Ca’” + 2HCOy™ + SiO:
from atmosphere used by diatoms

OCEAN

Ca’" + 2HCO; = CaCO; + H0 + CO;

chalk 1o atmosphere

LAND
Carbornate weathering

C3C03 L= H;O 4= COZ s Ca -8 + ZHCOS‘
“V.h&tmﬁ'igm{-@

SUBDUCTION ZONES

Carbonate metamorphism

te atrmosphere




Major proponents of the Scientific Revolution

Bacon 1561-1626

“We should endeavour to establish and extend the power and
dominion of the human race itself over the universe.”

“I am leading you to nature to bring her into your service and
make her your slave.”

Galilieo 1564-1642

&8

The book of the universe . is written in the Zanguage of
mathematics, and its characters are triangles, circles and other
geomeltric figures.”

“Hence I think that tastes, colours, and so on are no more than .
: mere names.

Descartes 1596-1

“I have described the Earth and the whole visible universe in
the manner of a machine. ™
“ .. and therefore to become like Lords and possessors of
nrature. ”’

Newton 1642-1727

“For the rays (of light) ro speak properly are not coloured. In
them there is nothing else than a certain power and dispositiorn
to stir up a sensation of this or that colour.”



CaSi0; + 2C0, + H,0 =Ca’" + 2HCOy + Si0;

from atmosphere used by diatoms

SUBDUCTION ZONES

Carbonate metamorphism

to amosphere
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Earlier Flowering of Snowdrops across England

Northumberland

Nortolk

1450 1480 1470 1950 1940 2000
year

Source: UK Phenology Network (




“We humans are plain members of the biotic community”™

“A thing 1s right when 1t tends to preserve the integrity,
stability and beauty of the biotic community, 1t 1s wrong
when 1t tends otherwise”

- Aldo Leopold



Holistic Science

‘involves a shift in emphasis from:

Parts to Wholes

Objects to relationships

Hierarchies to networks

Truth to approximate descriptions

Objective knowledge to contextual knowledge

- Utilitarian values to Intrinsic values




Ecosophy T

Self-realization

The higher S attained
by anybody the more
its increase depends
upon increase of the °
S of others

CS implies
realization
of all SP

Diversity
increases
SP

CS of any-
one depends
on that of all

S for all
beings

Egalitari-
anism: all

have equal
rights of S

No-class
society

Subjection
reduces SP

Exploitation
reduces or
eliminates
SP

Maximum
diversity

Self-determi-
nation favors
realization of
SP

No exploitation

Maximum self-
determination

Complexity
maximizes
diversity

Maximum
complexity

Symbiosis max-
imizes diversity

Maximum
symbiosis

S = Self-realization

C = Complete

P = Potential

SP = Self-realization potentials




Teb. 2 — Some possible distinctions between Earth System Science and my own proposal for a Gaian Science.

Earth System Science Gaian Science

Humans as observers of the Earth Humans as ‘plain members’of the Gaian
' community

Earth as a machine _ Gaia as an organism

Earth system has instrumental value Gaia has intrinsic value

Earth system services sustain the human economy Gaian system services sustain the web of life

Prioritises global scale technical fixes for Prioritises local scale appropriate technology
global environmental problems

Seeks not to become involved in the Seeks to use its findings to foster ecologically
political implications of its findings sound life-styles and societies




Example:

Tumour Growth



Metabolic wastes
/ In the env1r0nment
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