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INTRODUCTION

Why is Venus too hot, Mars too cold, and Earth “just right™ for life? (The
allusion to the fairy tale involves the three bowls of porridge belonging to Papa
Bear, Mama Bear, and Baby Bear—one too hot, one too cold, and one just
right—tested by a hungry Goldilocks.) A simplistic answer might be that a
planet’s surface temperature is to a large extent a function of its distance from
the Sun, and Earth just happens to be at the “right” distance for comfortable
temperatures and liguid water. Howewver, this is far from the whole story,

The Goldilocks Problem involves the early history of the planets and the
evolution of their atmospheres. Tts solution must also take into consideration
the long-term evolution of the Sun, and hence the so-called faint young Sun
problem, that is, the fact that the early Earth was apparently warm enough for
liquid water despite the 25-30% lower luminosity of the early Sun (Newman
& Rood 1977; Gough 1981). Had Earth been too cold imtially for hguid water
to exist on its surface, the resulting icy planet would have had a high albedo or
reflectivity, lowering temperatures further, and might have become irreversibly
ice-covered—the “white Earth catastrophe™ (Caldeira & Kasting 1992a), Yet
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evidence exists that liquid water has been abundant on Earth for at least the last
3.8 billion years.

The white Earth catastrophe might be averted through geologic activity that
provides continued outgassing of CO,, thereby warming the planet, and even-
tually melting the ice. But could too much CO, produce surface conditions too
hot for liquid water, arresting the rock weathering reactions that act to remove
CO; from the atmosphere, and creating a dense, hot CO;-rich atmosphere, such
as present on Venus today?

Many scientists have stressed the importance of the origin and evolution of
life on Earth in biogeochemical cycling of carbon and in causing important
changes in atmospheric composition over the last 4 billion years. Proponents
of the Gaia hypothesis (Lovelock & Margulis 1974; Lovelock 1979, 1989) go
further in claiming that life itself has managed to maintain surface conditions
on Earth within a fairly narrow window through a series of negative feedbacks
involving greenhouse gases, cloud albedo, and other factors.



Razoes para a habitabilidade da Terra

1) Sistema solar com orbitas estaveis e quase circulares

2) Jupiter absorve cometas, minimizando “killing events”
3)A Lua evita o caos do eixo de rotacao da Terra

4) A tectonica de placas recicla o CO, necessario para a vida
5)A magnetosfera terrestre protege contra o vento solar

6) A heliosfera protege contra raios cosmicos

7)Um longo interglacial comeca ha 10.500 anos
8)Evolucao da Atmosfera:

> Microbios produzem O,, CH, = CH, com efeito estufa e apos, O
domina

» Camada de ozonio se forma ha ~ 2.3 Ganos, protegendo contra UV
> Desenvolvem-se algas simples e fungos

> Mais O, e animais em 0.6 Ganos

> Humanos em 2 Manos (1/3 do O, vai para o cerebro)

> A humanidade retorna CO, e aumenta o efeito estufa
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Geology of mankind

Paul J. Crutzen
For the past three centuries, the effects

of humans on the global environment

haveescalated. Because of these anthro-
pogenic emissions of carbon dioxide, global
climate may depart significantly from
natural behaviour for many millennia to
come. It seems appropriate to assign the
term ‘Anthropocene’ to the present, in many
ways human-dominated, geological epoch,
supplementing the Holocene — the warm
period of the past 10-12 millennia. The
Anthropocene could be said to have started
in the latter part of the eighteenth century,
when analyses of air trapped in polar ice
showed the beginning of growing global
concentrations of carbon dioxide and
methane. This date also happens to coincide
with James Watt's design of the steam engine

in 1784.

referring to the “anthropozoic era”. And
in 1926, V. 1. Vernadsky acknowledged
the increasing impact of mankind: “The
direction in which the processes of evolution
must proceed, namely towards increasing
consciousness and thought, and forms
having greater and greater influence on their
surroundings.” Teilhard de Chardin and
Vernadsky used the term ‘noésphere” — the
‘world of thought' — to mark the growing
role of human brain-power in shaping its
own future and environment.

The rapid expansion of mankind in
numbers and per capita exploitation of
Earth's resources has continued apace.
During the past three centuries, the human
population has increased tenfold to more
than 6 billion and is expected to reach 10 bil-
lion in this century. The methane-produc-
ing cattle population has risen to 1.4 billion.

About 30-50% of the planet’s land surface
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co ncepts

The Anthropocene

The Anthropocene could be said to
have started in the late eighteenth
century, when analyses of air trapped
in polar ice showed the beginning of
growing global concentrations of
carbon dioxide and methane.

ozone-destroying properties of the halo-
gens have been studied since the mid-1970s.
If it had turned out that chlorine behaved
chemically like bromine, the ozone hole
would by then have been a global, year-
round phenomenon, not just an event
of the Antarctic spring. More by luck than
by wisdom, this catastrophic situation did
not develop.

Unless there is a global catastrophe — a
meteorite impact, a world war or a pan-
demic — mankind will remain a major
environmental force for many millennia. A




The anthropocene: the current human-dominated geological era:
Human mmpacts on climate and the environment

Figure 1 shows me more than 70 years ago in the lap of my grandmother.

I have changed a lot, but so has much on planet Earth.
Human population has increased three-fold during my
lifetime, reaching about six thousand million. with the
largest rise, 1.8% per year. after the 2 World War. As
shown in the partial listing of Table 1, many human
activities impact on earth’s environment, often
surpassing nature with ecological. atmospheric

chemical and climatic consequences.

Figure 1
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A safe operating space for humanity

Identifying and quantifying planetary boundaries that must not be transgressed could help prevent human
activities from causing unacceptable environmental change, argue Johan Rockstrdm and colleagues.

periods of significant environmen-

tal change, the planet’s environment
has been unusunally stable for the past 10,000
years' . This period of stability — known to
geologists as the Holocene — has seen hurman
civilizations arise, develop and thrive. Such
stability may now be under threat. Since the
Industrial Revolution, a new era has arisen,
the Anthropocene’, in which lniman actions

E lthough Earth has undergone many

SUMMARY

» New approach proposed for defining preconditions for human

development
» Crossing certain biophysical thresholds could have disastrous

conseguences for humanity
# Three of nine interlinked planetary boundaries have already been

overstepped




Figure 1| Beyond the boundary. The inner green shading represents the proposed safe operating
space for nine planetary systems. The red wedges represent an estimate of the current position for
each variable. The boundaries in three systems (rate of biodiversity loss, dimate change and human

interference with the nitrogen cycle), have already been exceeded.



PLANETARY BOUNDARIES

Earth-system process Parameters Proposed Current Pre-industrial
boundary status value

Climata changa (i) Atmosphearic carbon dicxida 350 387 280
concantration (parts par million
by valume)
(i} Change in radiative forcing 1 15 ]
{watts par matra squared)

Rate of bicdivarsity loss  Extinction rate (number of species 10 =100 01-1
per million spacies per year)

Mitrogen cycle (part Amount of N, removad from 35 121 ]

of aboundary with the tha atmosphera for human usa

phosphorus cycla) i millions of tonnas par yaar)

Phosphorus cycla (part Quantity of P flowing inta the 1l B5-95 -]

of a boundary with the oceans (millions of tonnes per yaar)

nitrogan cycle)

Stratospheric ozone Concentration of czona (Dobson 276 283 290

daplation unit)

Dicaan acidification Global maan saturation stata of 275 290 344
aragonita in surface sea water

Global frashwater usa Consumption of freshwatar 4,000 2,600 45
by humans (k' per year)

Changainland usa Percantage of global land covar 15 n7 Low
corvertad to cropland

Atmospheric aerosol Owerall particulate concentration in To be datermined

loading the atmosphere, on a regional basis

Chemical pollution Foraxample, amount emitted to, To ba detarminad

of concentration of persistent
organic pollutants, plastics,
andocrine disruptars, heavy metals
and nuclear wasta in, the global
anvironment, or the effects on
acosystem and functioning of Earth
systam thareof

Boundarles for processas Inred have been crossed . Cata sources: ref. 10.and supplementary Information
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Thermodynamics and the recognition of alien biospheres

By I. E. Lovenoor, T.R.S.

Department of Applied Plysical Seiences, University of Reading,
Rending, RO 241

The presence of a mature biosphere is likely to change sarface and
atmospheric composition and the energy balanee of a planet away from
that of the abiotic state. Is it possible that such a change might be
deteoted from afar by astronomical techniques and so form the basis of a
test for the presence of a planetary biosphere? A distant view of the
Farth in this eontext shows that certain of its thermodynamie properties
are recognizably different from those of the other terestrial planets, which
presumably are lifeless. The general applieation of this test for the
remote detection of other hicspheres will he dizcussed, as will some
implications of this way of viewing biospheres on the nature and organiza-
ticens of life on Earth,

IxrRoDUOTION

It is & cliché of seience fietion for the captain of a space craft when approaching
a new planetary system to eall hiz exobiological officer and ask ‘do any of those
planets bear life?’, The operation by this officer of a remote sensing device soon
provides & confident answer, yes or no. One purpose of this paper is to consider
the possible basis of such a devies,

To operate at planetary orbital distanees the devies would need to observe
and to measure physieal rather than biologieal properties, Guidance for the
choice of the specific properties to measure comes from a consideration of the
process of life and the act of recognition within a context which ineludes also
instrument design, A branch of science large enough to encompass these three
different subjects is thermodynamies, From the early technology of the steam
engine to the intricacies of the present teehmosphers, engineers have used thermo-
dynamics as a source of inspiration and of reeipes; so it may be for instrumenta
and proeedures for the detection of life,

There are several reasons for choosing to seek a biosphere rather than any of
its component parts; with a teleseope it is easier to see an elephant than a virus
and where a planetary system is viewed from afar it seems prudent to go for the
largest unit of all, namely, the biosphere itzelf. A plipsical, in contrast to a hio-
logieal, approach to planetary life detection was suggested (Lovelock 1gs)
and later Hiteheock & Lovelock (1969} proposed that the knowledge of the
chemical composition of & planetary atmosphere itself constituted a life detection
oxperiment. It was further suggested that suffieient information for these purposes
might be gathered by astronomical measurements in the infraved,

Af that time it was generally believed that the abundanee of the atmospherie

[ 187 ]
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James Lovelock
Nature, 426, 770-771 (2003)

The living Earth

James Lovelock

(Gaa

Organisms and their environment
evolve as a single, seff-reguiating
System.

distant in the Galaxy that had built an
interferometer of such resolving power
that it could analyse the chemical composi-
tion of our atmosphere. Simply from this
analysis, they could confidently conclude
that Earth, alone among the planets of the
Solar System, had a carbon-based life and
an industrial civilization. They would have
seen methane and oxygen coexisting in the
upper atmosphere, and their chemists
would have known that these pases are
continually consumed and replaced. The
odds of this happening by chance inorganic
chemistry are very long indeed. Such pers-
istent deep atmospheric disequilibrium
reveals the low entropy characteristic of life.
They would conclude that ours was a live
planet — and the presence of CFCs in the
atmosphere would suggest an industry
unwise enough to have allowed their escape.
As part of NASA's planetary exploration
team in 1965, thoughts such as these led me
to propose atmospheric analysis for detect-
inglife onMars. lalsowondered whatcould be
keeping Farth's chemically unstable atmos-
phere constant and so appropriate for life,and
what kept the climate tolerable despite a 30%
increase in solar luminosity since the Earth
formed. Together, these thoughts led me to
the hypothesis that living organisms regulate
the atmosphere in their own interest, and the
novelist William Golding suggested Gaia as
its name. Although the concept of a live Earth
is ancient, Newton was the first scientist to
compare the Earth toan animal or avegetable,
Hutton, Huxley and Vernadsky expressed
similar views but, lacking quantitative

|mag[nc a science-based civilization far

evidence, these earlier ideas remained anec-
dotal. In 1925 Alfred Lotka conjectured that
it would be easier to model the evolution of
organisms and their material environment
coupled as a single entity than either of them
separately. Gaia had its origins in these earlier
thoughts, from the evidence gathered by the
biogeochemists Alfred Redfield and Evelyn
Hutchinson and from the mind-wrenching
top-down view provided by NASA.

Although welcomed by atmospheric
sclentists, Farth scientists were cautious.
Biologists, especially Ford Doolittle and
Richard Dawkins, argued strongly that global
self-regulation could never have evolved, as
theorganism was the unit of selection, not the
biosphere. In time I realized that they were
right— but still I thought, something keeps
the Earth habitable. In 1981 I composed a
model of dark- and light-coloured plants
that competed for growth on a planet in
progressively increasing sunlight. My inten-
tion was not to make a blueprint for the
Earth, but a model to show that Gaia is
consistent with natural selection. This
‘Daisyworld’ regulated its temperature close
to that fittest for plant growth and — unusu-
ally for an evolutionary model made from
coupled differential equations — it was
stable, insensitive to nitial conditions and
resistant to  perturbation. Daisyworld is
darwinian, but the evolution of the organisms
and the evolution of temperature proceed as
a single, coupled process. The model was
much criticized, but so far has resisted falsifi-
cation. It was easy to show that Daisyworld
tolerates ‘cheats’ — daisies that grow but
offer nothing towards self-regulation. Other
critics claimed that daisies would adapt to
changing temperature and therefore simply

NATURE|VOL 426] 18/25 DECEMBER 2003 www.nature.com/nature
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Organisms and their environment
evolve as a single, self-reguiating
system.

track temperature change, not regulate it.
But the restraining function connecting
growth with temperature is not negotiable;
chemistry, not biology, sets its constants.

At this stage, the Gaia theory was missing
plausible control mechanisms. The first dis-
covered was a biological process that redressed
the imbalance of the nutritious elements
sulphur and iodine — these are abundant in
the oceans, but deficient on the land surface.
[t was widely assumed that hydrogen sulphide
and sea salt aerosol drifted from the ocean to
the land. In 1971 I discovered that methyl
iodideand dimethyl sulphide were ubiquitous
in the Atlantic surface waters, and from my
measurements Peter Liss calculated their
fluxes in 1974, He argued that these biogenic
gases were the main carriers of the natural
elemental cycles of sulphur and iodine.

Then in 1982, the geochemists James
Walker, P.B. Hayes and Jim Kasting suggested
that the weathering of calcium silicate rock
could regulate carbon dioxide and climate.
Greater warmth leads to more rainfall and
a faster removal of carbon dioxide from
the atmosphere by rock weathering, which
provides a negative feedback on tempera-
ture. This plausible mechanism is by itself too
small to account for the observed rate of
weathering, Organismson therocksandinthe
soil bring it to life as a Gaian mechanism; their
growth varies with temperature and their
presenceamplifies the rate of weathering.

In 1986, there was the awesome discovery
by Robert Charlson, James Lovelock, Meinrat
Andreae and Steven Warren of a connection
between biogenic dimethyl sulphide gas —
the product of ocean algae— its oxidation in
the atmosphere to form cloud condensation
nuclei, and the subsequent effect of the
clouds formed on climate. We wondered
whether this could be a Gaian regulatory
mechanism through the feedback between
climate change and algal growth.

By the end of the 1980s there was suffi-
cient evidence, models and mechanisms, to
justify a provisional Gaia theory. Briefly, it
statesthatorganisms and their material envi-
ronment evolve as a single coupled system,
fromwhich emerges the sustained self-regu-
lation of climateand chemistryat a habitable
state for whatever is the current biota.

Likelife, Gaiaisan emergent phenomenon,
comprehensible intuitively, but difficult or
impossible to analyse by reduction — not
surprisingly it is often misunderstood.
A simple automatic mechanism, like a

769
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Rainforest Aerosols as Biogenic
Nuclei of Clouds and Precipitation
in the Amazon

U. Péschl,™* S. T. Martin,%* B. Sinha,* Q. Chen,? S. S. Gunthe, ]. A. Huffman,* S. Borrmann,*
D. K. Farmer,? R. M. Garland,’ G. Helas," ]. L. Jimenez,* 5. M. King,® A. Manzi,* E. Mikhailov,*®
T. Pauliquevis,®” M. D. Petters,®® A. ]. Prenni,® P. Roldin,*® D. Rose,* ]. Schneider,*

H. Su, S. R. Zorn,™2 P. Artaxo,® M. O. Andreae®

The Amazon is one of the few continental regions where atmospheric aerosol particles and their effects
on climate are not dominated by anthropogenic sources. During the wet season, the ambient conditions
approach those of the pristine pre-industrial era. We show that the fine submicrometer particles accounting
for most cloud condensation nuclei are predominantly composed of secondary organic material formed by
oxidation of gaseous biogenic precursors. Supermicrometer particles, which are relevant as ice nuclei,
consist mostly of primary biological material directly released from rainforest biota. The Amazon Basin
appears to be a biogeochemical reactor, in which the biosphere and atmospheric photochemistry produce
nuclei for clouds and precipitation sustaining the hydrological cycle. The prevailing regime of aerosol-cloud
interactions in this natural environment is distinctly different from polluted regions.

SCIENCE VOL 329 17 SEPTEMBER 2010
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Future CO, Emissions and Climate
Change from Existing
Energy Infrastructure

Steven ]. Davis,* Ken Caldeira,® H. Damon Matthews?

Slowing climate change requires overcoming inertia in political, technological, and geophysical
systems. Of these, only geophysical warming commitment has been quantified. We estimated the
commitment to future emissions and warming represented by existing carbon dioxide—emitting
devices. We calculated cumulative future emissions of 496 (282 to 701 in lower- and upper-
bounding scenarios) gigatonnes of CO; from combustion of fossil fuels by existing infrastructure
between 2010 and 2060, forcing mean warming of 1.3°C (1.1° to 1.4°C) above the pre-industrial
era and atmospheric concentrations of CO; less than 430 parts per million. Because these
conditions would likely avoid mamny key impacts of climate change, we conclude that sources of the
most threatening emissions have yet to be built. However, COz-emitting infrastructure will expand
unless extraordinary efforts are undertaken to develop alternatives.

tions remain constant, the world would be

committed to several centuries of ncreasing
global memn temperatures and sea level rise (1-3)
By contrast, nearchmmation of anthropogenie
CO, emissions would be required to produce di-
minishing GHG concentrations consistent with
stabilzation of mean temperatures (4-6). Yet
long-lived energy and transportation infrastruc-
fure now operating can be expected to conmbute
substantial CO» emissions over the next 50 years
[e.g.. (7). Barnng widespread retrofiting of exist-
ing power plnts with carbon capture and storage
(CCS) technologies or the early decommissioning
of serviceable infrastructure, these “committed
emissions” represent infrastructural inertia, which
mety be the primary contrbutor to total fuhume warme-
mg commitment.

Ifcum:nt greenhouse gas (GHG) concentra-

Ipepartment of Global Eeology, Camegie |nstitution of
Washinglon, 260 Panama Street, Stanford, CA 94305, USA,
“Department of Geography, Planning and Emdronment, Cone
cordia University, 14%% de Maisonnewve Boulevard West, H
125526 (Hall Building), Mantreal, Quebec H3G 1M8B, Canada.

“To whom correspondence should be addressed. E-mail:
Sdavis@ camegie.stanford.edu

Emissions scenarios such as those produced
by the Intergovemmental Panel on Climate Change
(IPCC) rely on projected changes in population,
ecconomic growth, energy demand, and the car-
bon intensity of energy over time (8). Although
these scenarios represent plausible future emis-
gons trends, the nfrastructural mertia of amissions
at any point in time 15 not explicitly quantified.
Here, we present scenanos reflecting direct emis-
sions from existing energy and transportation
infrastructure, along with climate model results
showing the warming commitment of these
emissions.

With respect to GHG emissions, infrastructural
nertia may be thought of as having two Important
and overlapping components: (1) infrastructure
that directly releases GHGs to the ammosphere,
and (n) mirastructhure that contrbutes to the con-
tinued production of devices that emit GHGs to
the atmosphere. For example, the mterstate high-
way and refueling infrastructure in the United
States facilitates continued production of gasoline-
powered automobiles. Here, we focus only on the
warming commitment from infrastructure that
directly releases CO, to the ammosphere. Essen-

tially, we answer the following question: What if
no additonal CO-emitting devices (e.g., power
plants, motor vehicles) were built, but all the exist-
ing CO--emitting devices were allowed to live
out their normal lifetimes? What CO, levels and
global mean temperatures would we attain? Of
course, the actual lifetime of devices may be
strongly influenced by economic and policy con-
stramts. For instance, a ban on new COz-cmitting
devices would create tremendous meentive o
prolong the lifetime of existing devices. Thus our
scenanios are not ealistic, but they offer a means
of gauging the threat of climate change from
existing devices relative to those devices that have
wet to be built.

The details of our analytic approach are de-
seribed in (9). In summary, we developed sce-
narios of global CO5 emissions from the energy
sector (J) using data sets of power plants (17, 1.2)
and motor vehicles (13) worldwide, as well as
estimates of tosal fuel emissions produced di-
rectly by industry, houscholds, businesses, and
other forms of wansport (/4). We estimated life-
times and annual emissions of infrastructure from
historical data. Non-energy emissions (e.g., from
industrial processes, land use change, agniculture,
and waste) were taken from the IPCC's Special
Report on Emissions Scenarios (8). We projected
changes in COz and temperature in response
to our calculated emissions with the use of @
mitermediate-complexity coupled clmate-carbon
model, the University of Victoria Earth System
Climate Model (9).

Cumulatively, we estimate that 496 (282 w
01 in lower- and upper-bounding scenarios)
gigatonnes of 00, (Gt CO4; 1 Gt= 10" kg) (%)
will be emitted from the combustion of fossil
fuels by existing infrastructure between 2010 and
2060 (Fig. 1, A and B). Adding emissions from
non-energy sources, climate model results indi-
cate that these emissions would allow the atmo-
sphene concentration of CO» o stabilize below
430 parts per million (ppom), with mean warming
of 1.3°%C (1.17 to 1.4°C) above the pre-industrial
era (or (.37 to 0.7°C greater than at present; Fig,
I, C and D). Excluding emissions from non-
energy sources, atmosphenc CO, emissions would

10 SEPFTEMBER 2010 WOL 329 SCIENCE wwwsciencemag.org
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Composicao da Atmosfera

Gas concentracao (%)
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Oceans & Fresh
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Evolucao das Biosferas
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An Exceptionally Long
Interglacial Ahead?

A. Berger and M.F. Loutre

en paleoclimatologists gath-
ered m 1972 to discuss how and
when the present warm perniod

would end (F}), a slide into the next
glacial seemed imminent. But more re-
cent studies point toward a different fu-
ture: a long interglacial that may last an-
other 50,000 years.

An mnterglacial 1s an uninterrupted
warm mierval durmg which global cdimate
reaches at least the preindusirial level of
warmth. Based on geological records avail-
able in 1972, the last bwo mterglacials (in-
cluding the Eemian, ~125,000 years ago)
were believed to have lasted about 10,000
years. This 1s about the length of the cur-
rent warm interval—the Holocene—to
date. Assuming a similar duration for all
interglacials, the scientists concluded that
“it 1s likely that the present-day warm
epoch will terminate relatively soon if man
does not mtervene™ (1, p. 2671

Some assumptions made 30 years ago
have since been guestioned. Past inter-
glacials may have been longer than ongi-
nally assumed {2). Some, including manne
isotope stage 11 (MIS-11, 400,000 years
agn), may have been warmer than at pre-
sent [ 3). We are also increasingly aware of
the intensification of the greenhouse effect
by human activities (4). But even without
human perturbation, future climate may
not develop as in past mierglacials (5) be-
cause the forcings and mechanisms that
produced these carlier warm periods may
have been quite different from today's.

Most early attempts to predict future chi-
mate at the peological time scale (6, 7) pro-
longed the cooling that started at the peak
of the Holocene some 6000 years ago, pre-
dicting a cold mterval m about 25,000 years
and a glaciation in about 55,000 years.
These projections were based on statistical

The authars are at the Université mthalique de Lou-
wam, Institut 4 Astronomie et de Géophysique G.
Lematre, 2 Chemnin du Cydaotron, B-1348 Lowvain-
la-Mewwe, Belgium. E-mail: bergeriastruclac ke

rules ar simple models that did not include
any C0, forcing. They thus implicitly as-
sumed & value equal to the average of the
last glacial-mterglacial cycles [-225 parts
per mullion by volume (ppmv) (S1].

But some studics disagreed with these
projections. With a simple ice-sheet mod-
el, Oerlemans and Van der Veen (%) pre-
dicted a long mterglacial lasting another
530,000 years, followed by a first glacial
meximum in about 65,000 years. Ledley
also stated that an ice age is unlikely to
begin in the next 70,000 years (1), based
on the relation between the observed rate
of change of 1ce volume and the summer
solstice radiation.

namics of the ice-age cycles. For example,
according to Saltzman «f al. (11} an in-
crease in atmesphenc CO-, 1f maintamed
over a long period of tme, could tngger the
climatic system mto a stable regime with
small 1ce sheets, if any, in the Northern
Hemisphere. Loutre (1 2) also showed that a
€0, concentration of 710 ppmy, retuming
to a present-day value within 5000 years,
could lead to a collapse of the Greenland
Tee Sheet in a few thousand years.

On a geological tme scale, climate cy-
cles are believed to be drven by changes in
insolafion (solar radiation received at the top
of the atmosphere) as a result of vanations
in Earth’s orbit around the Sun. Over the
next 100,000 years, the amplitude of msola-
tion variations will be small {see the figure),
much smaller than dunng the Bemian. For
example, at 65°N in June, msolation will
vary by less than 25 Wmr? over the next
25,000 years, compared with 110 W™ be-
tween 125,000 and 115,000 years ago. From

Other studies were more oriented toward — the standpoint of insolation, the Eemian can
modelmg, mcluding the possible effects of  hardly be taken as an analog for the next
m;'llcnn[aﬁasis:iftindmumr Fui

0.06 The small amphtude of tuture

ops| EcsEney insolation vanations 15 excep-

Lo tional. One of the few past

003 /'-\\_/ analogs (73] occurred at about

gg‘f — s 400,000 years before the pre-

oo \./ . overlapping part of MIS-

o 11 Then and now, very low ec-

centricity values coincided

/\/\/\m/\/‘ \/Uﬁm with the minima of the

S5 400,000-year cccenimicity cy-

230 cle. Eccentneity will reach al-

i Instan ""w”p:': — 425 most zero wtij;hin the next

1k - 25,000 years, damping the

0 vanations of precession con-
- siderably.

@ Simulations with a two-di-

2 e |'|:l.|T|!1IIJ‘I11'|a mcnslcmgl L]1mal: _mc‘n:] (14),

AR 0 &1 - -3 —sgg  forced with insolation and COy

Time {1000 years) variations over the next

Orbiting the Sun. Long-term variations of eccentricity
{top), June insclation at 65°N [middle). and simulated
Morthern Hemisphere ice volume {increasing dowmward)
{bottom) for 200,000 years before the present to 130,000
from now, Time is negative in the past and positive in the fu-
ture. For the future, three CO; scenarios were used: last
glacial-interglacial values (solid line), 3 human-induced con-
centration of 750 ppmw (dashed line), and a constant
concentration of 210 ppmwv [dotted line). Simulstion results
from (13, 1 5); eccentricity and insolation from (79),

100,000 years, provide an n-
sight into the possible conse-
quences of this rare phe-
nomenon. Mast O0; scenanos
(15) led to an exceptionally
long interglacial from 5000
years before the present to
50,000 years from now (see the
bottom panel of the figure),
with the next glacial maximum

www sclencemagorg  SCIENCE VOL297 23 AUGUST 2002

(PR [P —— ) T S il ]

| YRR JPN T -

1287



Edén Era Periodo Epoca
Cuaternano Holono
(12 maahoy) (11,000 ahos a hoy)
Fleistocano
(18maa 11,000
afos)
Cenozoica [~ Teraano Neogeno Flioceno
®Smaahoy)l 85218 | 23 312ma) (5 31.8 ma)
ma) Mioceno
23 asSma)
Faledgeno Eoceno
G5 223 ma) (59 238 ma)
Ukgoceno
(22 323 ma)
Faleocano
, ©5 354 ma)
Fangrozoico Tretacioo
(594 ma a hoy) Mesozoica (148 3 85 ma)
(245 2 65 Jurasico
ma) (208 3 195 ma)
Trasico
(295 a2 208 ma)
Fermico
(286 3 245 ma)
Latbonmero
(380 3 226 ma)
Devonico
Paeoxoica (410 3 300 ma)
(544 2 235 Silunco
ma) (440 a2 410 ma)
Jrdoviaco
(505 3 440 ma)
Lambrco
(594 3 505 ma)
8 FProterozoion
g ﬁ (2500 3593 ma)
L - Arcaico
§5 g 63200 32800 ma)
= ;_: < Hadie

Q500 23800 ma)




Evolucao das Biosferas

Evolucao da Complexidade

Sistemas de auto-regulacao
— papel da biodiversidade

Diversificacao latitudinal e altitudinal
Estados Estavels

Transicoes abruptas
— exting0es em massa

Impacto humano na biosfera



Evolucao da Complexidade
na Terra



Evento de Tunguska (3o de junho de 1908)




Extincoes em Massa

Causas Astronomicas
(L. & W. Alvarez 1980)

B IMPACT EVENT

OrdmAcian

Permian-
Triassic
Cretaceous-

Tertlaryr
Late

Devonian Late

Paleozoic

(families per million years)
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Articles

Extraterrestrial Cause for the Cretaceous-Tertiary Extinction

Luis W. ALVAREZ 1, Walter ALVAREZ 2, Frank Asaro 3, and Helen V. Michel 4 1
Professor emeritus of physics at Lawrence Berkeley Laboratory, University of California,
Berkeley 94720

2 Associate professor in the Department of Geology and Geophysics, University of
California, Berkeley

3 Senior scientist in the Energy and Environment Division of Lawrence Berkeley
Laboratory

4 Staff scientist in the Energy and Environment Division of Lawrence Berkeley
Laboratory

Platinum metals are depleted in the earth's crust relative to their cosmic abundance; concentrations
of these elements in deep-sea sediments may thus indicate influxes of extraterrestrial material.
Deep-sea limestones exposed in Italy, Denmark, and New Zealand show iridium increases of about
30, 160, and 20 times, respectively, above the background level at precisely the time of the
Cretaceous-Tertiary extinctions, 65 million years ago. Reasons are given to indicate that this iridium
is of extraterrestrial origin, but did not come from a nearby supernova. A hypothesis is suggested
which accounts for the extinctions and the iridium observations. Impact of a large earth-crossing
asteroid would inject about 60 times the object's mass into the atmosphere as pulverized rock; a
fraction of this dust would stay in the stratosphere for several years and be distributed worldwide.
The resulting darkness would suppress photosynthesis, and the expected biological consequences
match quite closely the extinctions observed in the paleontological record. One prediction of this
hypothesis has been verified: the chemical composition of the boundary clay, which is thought to
come from the stratospheric dust, is markedly different from that of clay mixed with the Cretaceous
and Tertiary limestones, which are chemically similar to each other. Four different independent
estimates of the diameter of the asteroid give values that lie in the range 10 *+ 4 kilometers.



175
o2
ey
pu— |
==
=
1504
o
(58 }
= =
=
1254 &
==
100-
7S -
50
=
=
<
254 /=
o
o —S00 425 400 —360 ==PO

CAMBRIEN
ORDOVICIEN
TERTIAIRE

9. EXTINCTIONS ET RADIATIONS ADAPTATIVES. Aprés les pics de radiation
initiaux du Cambrien et de I'Ordovicien inférieur, chacun des cing pics
majeurs d’'extinction a éteé suivi d'un nouveau pic de diversification.



A acao humana tem sido no sentido
de apagar as bioassinaturas:

« Aumentando o CO,
 Destruindo o O,
« Esgotando a agua doce

 Desestabilizando ciclos de feedback
negativo que mantéem estados fora do
equilibrio termodinamico

« Liquidando a biodiversidade



Figure 1| Beyond the boundary. The inner green shading represents the proposed safe operating
space for nine planetary systems. The red wedges represent an estimate of the current position for
each variable. The boundaries in three systems (rate of biodiversity loss, dimate change and human

interference with the nitrogen cycle), have already been exceeded.
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Biodiversity is life
Biodiversity is our life

2010 International Yearof Biodiversity

About Celebrations Partners Resources Participate

Welcome to 2N0 Why 2000 | Celebrating 20N0

Welcome!

The United Mations declared 2010 to be the International
Year of Biodiversity. It is a celebration of life on earth and of
the value of biodiversity for our lives. The world is invited to
take action in 2010 to safeguard the variety of life on earth:
bindiversity

UNITED NATIONS
International Year of Biodiversity
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Convention on
Biological Diversity

Y

2010 international Yearof Biodiversity

STATEMENT BY AHMED DJOGHLAF
EXECUTIVE SECRETARY OF THE CONVENTION ON BIOLOGICAL DIVERSITY AT
THE OPENING SESSION OF THE
TENTH MEETING OF THE CONFERENCE OF THE PARTIES TO THE CONVENTION
ON BIOLOGICAL DIVERSITY
Nagoya, 18 October 2010

Mr. President
Ladies and gentlemen,

From Curitiba to Bonn, and from Bonn to Nagovya, here we are gathered as a community of
nations representing the family of the people of the world at this largest, biggest biodiversity
conference in the history ofthe United Nations Convention on Biological Diversity.

Here we are as a community of nations not for just another United Nations meeting, but for
the most important meeting on biodiversity in the history of the United Nations. This is indeed a
defining moment in the history of mankind.

As Daisetz Teitaro Suzuki stated “The problem of Nature is the problem of human life™
However, today human life is a problem for Nature.

Assembled at this historical Aichi-Nagoya biodiversity summit, we the 16,000 participants
assembled today from all over the world, representing the 193 Parties and their partners, are called
upon to address the unprecedented loss of biodiversity seriously compounded by global warming.



Biodiversity Conservation: Challenges
Beyond 2010

Michael R. W. Rands,»* William M. Adams,” Leon Bennun,” Stuart H. M. Butchart,”
Andrew Clements,” David Coomes,” Abigail Entwistle,® lan Hn-l:l-%-e,.? Valerie Kapos,®--"
]érn P. W. Scharlemann,” William ). Sutherland,'® Bhaskar Vira

The continued growth of human populations and of per capita consumption have resutted in
ursustainable exploitation of Earth's biological diversity, exacerbated by climate change, ocean
acidification, and other anthropogenic environmental impacts. We argue that effective corservation of
biodiversity is essential for human survival and the maintenance of ecosystem processes. Despite some
conservation successes (especially at local scales) and increasing public and government interest in

living sustainably, biodiversity continues to decline. Moving bevond 2010, succesful conservation
approaches need to be reinforced and adequately financed. In addition, however, more radical changes

are required that recognize biodiversity as a global public good, that integrate biodiversity conservation
into policies and decion frameworks for resource production and consumption, and that focus on
wider institutional and societal changes to enable more effective implementation of policy.

1298 10 SEFTEMBER 2010 WOL 329 SCIENCE
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Pressure
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1970 2010
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Fig. 3. The feedback loop between responses to biodiversity loss, the pressures on biodiversity, the state
of biodiversity, and the benefits it provides. The arrow linking benefits to responses is highlighted because
of its particular importance: Responses are put in place in relation to how far the maintenance of
biodiversity is valued as a benefit to sodety and individuals. Thumbnail graphs show the overall trend in
each of these aspects over the past 4 decades [simplified from (7). Although responses continue to grow,
the rate of increase is slowing and not keeping pace with the steady rise in pressures. A corresponding
steady decline in state is linked to a steady or possibly accelerating dedine in benefits.
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Ecological Modelling 222 (2011) 2019-2026

Contents lists available at ScienceDirect

Ecological Modelling

journal homepage: www.elsevier.com/locate/ecolmodel

Harvesting the sun: New estimations of the maximum population of planet Earth

Siegfried Franck®*, Werner von Bloh?, Christoph Miiller?, Alberte Bondeau?, B. Sakschewski®

? Potzdom Institute for Climate Impact Research (FIK), Research Domains Earth System Analysis and Climate Impacts & Vulnerabilities,
Telegraphenberg, P.0O. Box 501203, D-1441 2 Potsdam, Germany
b [niversitdt Potsdam, Institut fir Biochemie und Biologie, Karl-Licbknecht-Str. 24-25, D- 14475 Potsdam, Germany

Table 3
Comparing ) estimates of the Earth’s maximum human population to the results of LPjmL.

Morth latitude (=) m? per person to support life

Mo allowance for urban and recreational needs 750 m? per person for urban and recreational needs

Number of people (billions) Mumber of people (billions)

DW. LPmL - LFmlL- LFmL- Burger LPFJmL- wmr?® DW, LPFjmlL- LFmL - LPJmL - Burger LPFJmL -

Genghis K. save-forests Genghis K. save-forests wmir®
70 10 1.7 04 02 1.7 5 o7 02 02 07
&l 30 14,5 26 34 134 11 62 1.1 26 6.0
50 95 379 176 9.6 292 17 130 57 6.4 11,9
40 136 358 7B 89 30,5 18 121 a6 57 11.5
an 151 223 212 6.2 214 20 BS B.1 37 g4
20 105 134 79 6.6 11.8 16 46 30 35 43
10 77 28,1 11.1 12.1 26,1 11 78 38 59 77
i} 121 40,1 &1 17.4 37.0 17 100 16 75 97
-10 87 373 152 143 321 9 9.4 337 6.6 9.0
—20 112 . 176 108 227 11 BS 6.0 5.4 g1
—30 53 158 154 49 123 9 56 55 27 5.0
—40 9 6.0 &0 1.7 46 1 17 17 1.0 1.6
=50 1 1.5 1.5 03 1.4 1 05 05 02 05
Total 1022 281.5 150.4 06,4 24432 146 BHEG 505 51.4 84,4
1500 m? per person 79 538 31 36,1 522

1 LP)mL-wmr is a Genghis-Khan-scenario, but only with the three currently most important crop types (wheat, maize and rice) plus pasture.



James Lovelock
Nature, 426, 770-771 (2003)

The living Earth

James Lovelock

(Gaa

Organisms and their environment
evolve as a single, seff-reguiating
System.

distant in the Galaxy that had built an
interferometer of such resolving power
that it could analyse the chemical composi-
tion of our atmosphere. Simply from this
analysis, they could confidently conclude
that Earth, alone among the planets of the
Solar System, had a carbon-based life and
an industrial civilization. They would have
seen methane and oxygen coexisting in the
upper atmosphere, and their chemists
would have known that these pases are
continually consumed and replaced. The
odds of this happening by chance inorganic
chemistry are very long indeed. Such pers-
istent deep atmospheric disequilibrium
reveals the low entropy characteristic of life.
They would conclude that ours was a live
planet — and the presence of CFCs in the
atmosphere would suggest an industry
unwise enough to have allowed their escape.
As part of NASA's planetary exploration
team in 1965, thoughts such as these led me
to propose atmospheric analysis for detect-
inglife onMars. lalsowondered whatcould be
keeping Farth's chemically unstable atmos-
phere constant and so appropriate for life,and
what kept the climate tolerable despite a 30%
increase in solar luminosity since the Earth
formed. Together, these thoughts led me to
the hypothesis that living organisms regulate
the atmosphere in their own interest, and the
novelist William Golding suggested Gaia as
its name. Although the concept of a live Earth
is ancient, Newton was the first scientist to
compare the Earth toan animal or avegetable,
Hutton, Huxley and Vernadsky expressed
similar views but, lacking quantitative

|mag[nc a science-based civilization far

evidence, these earlier ideas remained anec-
dotal. In 1925 Alfred Lotka conjectured that
it would be easier to model the evolution of
organisms and their material environment
coupled as a single entity than either of them
separately. Gaia had its origins in these earlier
thoughts, from the evidence gathered by the
biogeochemists Alfred Redfield and Evelyn
Hutchinson and from the mind-wrenching
top-down view provided by NASA.

Although welcomed by atmospheric
sclentists, Farth scientists were cautious.
Biologists, especially Ford Doolittle and
Richard Dawkins, argued strongly that global
self-regulation could never have evolved, as
theorganism was the unit of selection, not the
biosphere. In time I realized that they were
right— but still I thought, something keeps
the Earth habitable. In 1981 I composed a
model of dark- and light-coloured plants
that competed for growth on a planet in
progressively increasing sunlight. My inten-
tion was not to make a blueprint for the
Earth, but a model to show that Gaia is
consistent with natural selection. This
‘Daisyworld’ regulated its temperature close
to that fittest for plant growth and — unusu-
ally for an evolutionary model made from
coupled differential equations — it was
stable, insensitive to nitial conditions and
resistant to  perturbation. Daisyworld is
darwinian, but the evolution of the organisms
and the evolution of temperature proceed as
a single, coupled process. The model was
much criticized, but so far has resisted falsifi-
cation. It was easy to show that Daisyworld
tolerates ‘cheats’ — daisies that grow but
offer nothing towards self-regulation. Other
critics claimed that daisies would adapt to
changing temperature and therefore simply

NATURE|VOL 426] 18/25 DECEMBER 2003 www.nature.com/nature
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Gala

Organisms and their environment
evolve as a single, self-reguiating
system.

track temperature change, not regulate it.
But the restraining function connecting
growth with temperature is not negotiable;
chemistry, not biology, sets its constants.

At this stage, the Gaia theory was missing
plausible control mechanisms. The first dis-
covered was a biological process that redressed
the imbalance of the nutritious elements
sulphur and iodine — these are abundant in
the oceans, but deficient on the land surface.
[t was widely assumed that hydrogen sulphide
and sea salt aerosol drifted from the ocean to
the land. In 1971 I discovered that methyl
iodideand dimethyl sulphide were ubiquitous
in the Atlantic surface waters, and from my
measurements Peter Liss calculated their
fluxes in 1974, He argued that these biogenic
gases were the main carriers of the natural
elemental cycles of sulphur and iodine.

Then in 1982, the geochemists James
Walker, P.B. Hayes and Jim Kasting suggested
that the weathering of calcium silicate rock
could regulate carbon dioxide and climate.
Greater warmth leads to more rainfall and
a faster removal of carbon dioxide from
the atmosphere by rock weathering, which
provides a negative feedback on tempera-
ture. This plausible mechanism is by itself too
small to account for the observed rate of
weathering, Organismson therocksandinthe
soil bring it to life as a Gaian mechanism; their
growth varies with temperature and their
presenceamplifies the rate of weathering.

In 1986, there was the awesome discovery
by Robert Charlson, James Lovelock, Meinrat
Andreae and Steven Warren of a connection
between biogenic dimethyl sulphide gas —
the product of ocean algae— its oxidation in
the atmosphere to form cloud condensation
nuclei, and the subsequent effect of the
clouds formed on climate. We wondered
whether this could be a Gaian regulatory
mechanism through the feedback between
climate change and algal growth.

By the end of the 1980s there was suffi-
cient evidence, models and mechanisms, to
justify a provisional Gaia theory. Briefly, it
statesthatorganisms and their material envi-
ronment evolve as a single coupled system,
fromwhich emerges the sustained self-regu-
lation of climateand chemistryat a habitable
state for whatever is the current biota.

Likelife, Gaiaisan emergent phenomenon,
comprehensible intuitively, but difficult or
impossible to analyse by reduction — not
surprisingly it is often misunderstood.
A simple automatic mechanism, like a
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A Etica da Teoria de Gaia

A metaftora de uma “Terra viva’:

ela nos lembra gue somos parte
dela e que os direitos humanos
devem levar em conta as
necessidades dos N0OSSOS parceiros
planetarios.
James Lovelock (Nature, 2003)



O Templo da Natureza
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Trées Eventos Determinantes
da Era Moderna

A Condicao Humana

e A descoberta da Ameérica
A Reforma
« A invencao do telescopio



HANNAH ARENDT
A CONDICAO HUMANA (PROLOGO) (1958)

Hannah Arendt (1906-1975)




Sputink (lancado em 4/10/1957)

Em 1957, um objeto terrestre, feito pela mdo do homem, foi lancado ao
universo, onde durante algumas semanas girou em torno da Terra segundo
as mesmas leis de gravitacdo que governam o movimento dos corpos
celestes - 0 Sol, a Lua e as estrelas. E verdade que o satélite artificial ndo
era lua nem estrela; ndo era um corpo celeste que pudesse prosseguir em
sua Orbita circular por um periodo de tempo que para nos, mortais limitados
ao tempo da Terra, durasse uma eternidade. Ainda assim, pode permanecer
nos céus durante algum tempo; e la ficou, movendo-se no convivio dos
astros como se estes o houvessem provisoriamente admitido em sua
sublime companhia.



Este evento, que em importancia ultrapassa todos o0s outros, até mesmo a
desintegracdo do atomo, teria sido saudado com a mais pura alegria néo
fossem as suas incomodas circunstancias militares e politicas. O curioso,
porém, e que essa alegria nao foi triunfal; o que encheu o coracédo dos
homens que, agora, ao erguer os olhos para os céeus, podiam contemplar uma
de suas obras, nao foi orgulho nem assombro ante a enormidade da forca e
da proficiéncia humanas. A reacao imediata, expressa espontaneamente, foli
alivio ante o primeiro “passo para libertar o homem de sua prisao na terra”.
E essa estranha declaracédo, longe de ter sido o lapso acidental de algum
reporter norte-americano, refletia, sem o saber, as extraordinarias palavras
gravadas ha mais de vinte anos no obelisco funebre de um dos grandes
cientistas da Russia: “A humanidade ndo permanecera para sempre presa a
terra”.

Ha ja algum tempo este tipo de sentimento vem-se tornando comum; e
mostra que, em toda parte, 0s homens nao tardam a adaptar-se as
descobertas da ciéncia e aos feitos da técnica, mas, ao contrario, estdo
décadas a sua frente. Neste caso, como em outros, a ciéncia apenas realizou
e afirmou aquilo que os homens haviam antecipado em sonhos - sonhos que
nao eram loucos nem ociosos.
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Estatua de K. Tsiolkovsky no
Planetario de Brisbane, Australia

A Terra é o berco da humanidade, mas
ninguem vive para sempre no seu berco



Gagarin no espaco (12/04/1961)




A Terra é Azul


















E a Acao dos
Outros?






SIGA A VIDA

 Siga a agua (Follow the water)
e Siga 0 carbono
 Siga 0 nitrogenio
* Siga o fosforo
» Siga a energla
» Siga a entropia
—> « Slga a Informacao
—> « Siga o significado



Onde esta todo mundo?
O Paradoxo de Fermi (1950)
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IF THE UNIVERSE IS TEEMING WITH ALIENS ...

— WHEREISEVERYBODY?

FIFTY SOLUTIONS TO THE FERMI PARADOX
AND THE PROBLEM OF EXTRATERRESTRIAL LIFE

Stephen Webb
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Equacao de Drake
Frank Drake (1961)






Equacao de Drake

Primeiro encontro do projeto SETI (Search for Extra
Terrestrial Intelligence), Green Bank, Virginia, 1961

N=R"Xf,xXxneX fixfixfexL

*N € 0 numero de civilizagOes extraterrestres em nossa galaxia com as quais
poderiamos ter chances de estabelecer comunicacéao.

*R” é a taxa de formacéo de estrelas em nossa galaxia.

-f, € a fracdo de tais estrelas que possuem planetas em orbita.

*n, € 0 numero médio de planetas que potencialmente permitem o desenvolvimento
de vida por estrela gue tem planetas.

f, & a fracdo dos planetas com potencial para vida que realmente desenvolvem vida.
-f, € a fracdo dos planetas que desenvolvem vida inteligente.

-f. & a fracdo dos planetas que desenvolvem vida inteligente e que tém o desejo e 0s
meios necessarios para estabelecer comunicacéo.

L € 0 tempo esperado de vida de tal civilizacdo
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Preface

Reflections on the Equation

Frank Drake
SETT fuzriruge Moampam Fiew CA

The Equation first appeared 51 years ago on a blackboard in a cozy residence hall at the new radio
observatory at Green Bank, West Virgimia. | had basad it on the known history of our galaxy and the
Earth, and the factors affecting the existence of intelhigent, technology-using bfe on Earth and smmilar
planets It predicts the number of avilizations & like ours that we might detect with our imstruments.
The goal was to produce an estmate of the number of detectable civibzations, and thereby reveal the
challenge to be faced by serious sarchers. Twelve saentists from many disaplines were present, in
respon to a request from the National Academy of Sasntists to convene a workshop on the
posabilities of detecting extratemestrial mtelligent hife, a potential discovery that had been made
plausible by the recent development of high sesitvity radio telescopes. These, for the firg time 10
history, could detect radio signak no stronger than we were then radiating, sent from the distance of
nearby stars, One such telescope was only a few hundred feet away, and had actually been used in the
first modern search about a year previously. The Equation served as a converient and succinct agenda
for the workshop — ven topics, seven sessions.



Quem é 0 outro cosmico?

*Uma super-inteligéncia
Um longevo senil
Um anjo cosmico

*Um predador high-tech
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Historia Verdadeira




MARTE




The War of the Worlds (1898)

The Red Angry Planet (1959)

Marte Ataca! (1996)



History of Martian “Civilization”

In 1784 William Herschel (famous for the
discovery of Uranus) claimed that Mars has an
atmosphere and Is therefore probably inhabited.

Giovanni Schiaparelli claimed to see a network of
79 linear channels (canali) in 1877

Percival Lowell opened Lowell Observatory in
Flagstaff, Arizona in 1894. (claimed to see 200
canals)

Lowell suggested that canals were built by an
ancient martian civilization.



William Herschel
(1738 -1822)

Giovanni Schiaparelli
(1835-1910
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Percival Lowell
(1855-1916)




“Os canais sao 1lusoes de optica.”

Vincenzo Cerulli (1859- Os ETs sédo expulsos de Marte
1927)



The War of the Worlds (1898)

THE WAR |
OF THE WORLDS

H.G.WELLS

H.G. Wells (1866-1946)
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SIGNATURES OF A SHADOW BIOSPHERE

Possible ecological relationship between the
shadow biosphere and the regular biosphere:

Ecologically separate i, .
Ecologically integrated .

Biochemically integrated .

FIG. 1. 5chernatic representation of various possible rela-
tionships between known and weird life.




The NASA Search for
(and Synthesis of) Alien Life
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Marte Atacal

Orson Welles (CBS Radio, 30/10/1938)



my eyes go looking for flying saucers in the sky
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IF THE UNIVERSE IS TEEMING WITH ALIENS...

" WHERE IS EVERYBODY?

FIFTY SOLUTIONS TO THE FERMI PARADOX
AND THE PROBLEM OF EXTRATERRESTRIAL LIFE
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Spatio-temporal constraints on the zoo
hypothesis, and the breakdown of
total hegemony

Duncan H. Forgan

Seovitsh Undversivles Fhysies Alllanee (SUPA ), Tnatiiude for Astronom v, Universiivoef Edinbargh, Blackford Hill, Edinbargh
EHQ IHT, UK
e-rripll e e wk

Abstract: The Zoo Hypothesis posits that we have not detected extraterrestrial intelligences (ETIs) because
they deliberately prevent us from detecting them, While a vahid solution to Fermi's Paradox, it 1s not
particularly amenable to ngorous scientific analysis, as it imphicitly assumes a great deal about the
sociological structure of a plurality of cvilizations. Any attempt Lo assess its worth must begn with 1ts most
basic assumplion —thal ETIs share a umformity of motve in shiddding Earth [rom extraterres tnal contact.
Thismotive & often presumed to be penerated by the influence of the first civilization to arrive in the Galaxy,
[ show that recent work on inter-arrival tme analysis, while necessary, 15 insufficient (o assess the vahidity of
the Zoo Hypothess (and its related vanants), The finite speed of light prevents an early civilization from
exerting immediate cultural influsnce over a later civilization if they are sufficiently distant. [ show that if
civilization arrival umes and spatial locations are completdy uncorrelated, this stnctly prevents the
estabhishment of total hegemony throughout the Galaxy, [ fimsh by presenting similar results denved from
more realistic Monte Carlo Realization (MCR) simulatons {where arnval time and spatal locations are
partially correlated). These also show that total hegemony 1s typically broken, even when the total
population of civilzatons remains low, The Zoo Hypothesis is therdore only justifiable on weak anthropic
grounds, as it demands total hegemony estabhished by a long-lived early civihzation, which 1s a low
probability event. In the erminology of previous studies of solutions to Fermi's Paradox, this confirms the
Zoo Hypothesis as a “soft” soluton. However, an important question to be resolvad by future work 15 the
extent to which many separate hegemonies are estabhshed, and to what extent this affects the Zoo
Hypothesis.



O Templo da Natureza

Lao Tze

Seneca

Sao Francisco
Erasmus Darwin
John Muir

Aldo Leopold
Arne Naess
James Lovelock



i '_._ B | e | .
S SR [ S

’A staggering book... The best novel on
the colonization of Mars that has ever been written

ARTHUR C. CLARKE

KIM STANLEY
ROBINSON



KIM STANLEY
ROBINSON

Winner of the Hugo Award

Green

‘Absorbing,
impressive,
fascinating...
Utterly plausible’

Financial Times

STAGGERING HEOUIRED READING FOR THE COLONISTS OF THE NEXT CENTURY’
ARTHUR C. CLARKE

‘A BEAUTIFUL BOOK - TO BE LIVED IN. LET MOST OF IT BE TRUE’
DAILY TELEGRAPH



ASTROBIOLOGY
Volume 1, Number 1, 2001
Mary Ann Liebert, Inc.

Research Paper

The Physics, Biology, and Environmental Ethics of
Making Mars Habitable

CHRISTOPHER P. MCKAY! and MARGARITA M. MARINOVA!Z
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THE [/*

The Martian Chronicles (1950)
Ray Bradbury



L_os marcianos, que al principio del libro son
espantosos, merecen su piedade cuando la
aniquilacion los alcanza. Vencen los hombres y el
autor no se alegra de su victoria. Anuncia com
tristeza y com desengano la futura expansion del
linaje humano sobre el planeta rojo...
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'DAD PUSHED A STUD. THE MOTOR BOAT SENT A HUM-
'MING SOUND UP INTO THE SKY. THE WATER SHOOK
'BACK AND THE BOAT NOSED AHEAD. TIMOTHY SAT

| BESIDE DAD, HIS SMALL FINGERS ON TOP OF DAD'S
HAIRY . DAD HAD A FUNNY LOOK IN HIS EYES AS
THE BOAT WENT UP-CANAL ... Amox THAT TIMOTHY
COULDN'T FIGURE...

HOW FAR ARE WE
GO/NG, DAD?

YEAH...

A M/LL/ION |GEE...

l/llﬂﬁl / 4 P/&W/&
FISHING -
TRIPS

CAREFUL, | CWON,
MIKE... \T/IMMY..
ROBERT...

LOOK,CHILDREN! | wow/! GOLLY!
THERE'S A
DEAD CITY.

T E DEAD CITY LAY DEAD FOR THEM AND THEM ALONE,

onm:m IN THE HOT OM.!“C! OF THE MARTIAN
ADAPTED FROM A STORY BY SUMMER. AND DAD LOOKED AS IF HE WAS PLEASED

RAY BRADBURY THAT IT WAS DEAD...

© 1946 by Ray Budbury




THE NIGHT CAME DOWN AROUND
THEM AND THERE WERE STARS.
BUT TIMOTHY COULDN'T FIND

A COOL NIGHT WIND BLEW AROUND
THEM... AND AS THEY WALKED, DAD
SAID...

EARTH. |\T HAD ALREADY SET....

THAT WAS SOMETHING TO 74/,

éﬂgrn:,lrﬁ‘do ALR,

YOUR MOTHER AND I WILL TEACH
YOU. PERHAPS WE'LL FAIL. I THINK
NOT. WE'VE HAD EXPERIENCE. WE'VE
SEEN., WE PLANNED THIS TRIP
YEARS AGO, EVEN BEFORE YOU
WERE SORN. EVEN IF THERE HAON'T
BEEN A WAR,WE'D HAVE COME TO MARS]
TO L/VE AND FORM OUR OWA STANDARD
OF LIVING. IT WOULD HAVE BEEN
ANOTHER HUNDRED YEARS BEFORE
MARS WOULD HAVE BEEN PO/SONED
BY EARTH CIVILIZATION. NOW,

OF COURSE...

THEY REACHED THE CANAL. IT WAS LONG AND STRAIGHT]|
AND COOL AND WET AND REFLECTIVE IN THE NIGHT...

I'VE ALWAYS WANTED TO
SEE A MART/AN, DAD.
WHERE ARE THEY? You

—

PROMISED...

THERE THEY ARE,
MICHAEL ...

e )
THE MARTIANS

REFLECTED IN THE WATER. TIMOTHY AND
M/ICHAEL AND ROBERT AND MOM AND DAD. THE
MART/ANS STARED BACK AT THEM FOR A LONG,LONG
SILENT TIME FROM THE RIPPLING WATER...




“Eu sempre quis ver um Marciano”, dissesMichael.
“Onde eles estaoyPai? Voce prometeu.”
D

“Eles estao ali”, disse Papai, e ele.tirou Michael do
Seu ombro e apontou para baixo.

Os Marcianos estavam ali. Timethy comeceu . a
tremer.

Os Marcianos estavam ali — no.canal - refletidos na
agua. Timothy e Michael e Mamae e Papal.

Os Marcianos olharam-se a si mesmos por longo,
longo sifencioso tempo na agua ondulante...
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