Conceitos Fundamentais em Astrobiologia
MPA5007

Amancio Friaca, IAG-USP



A Mae de Todas as Revolucoes™
De revolutionibus orbium coelestium (1543)
NICOLAI

COPERNICIT O

RINENSIS DE REVOLVTIO NI

bus orbium ceeleftium,
Labn v,

IN QVIBVS STELLARVM ET Ef
XARVI KT SARATICANYM MOTVS, IX VITE
Tilwas a1y reomubes ehipisonites, edlinwe e ruar,
‘ Prxaecea rhodas expedios lacufeneany 33, ox guie
T buseofdom motur 3d quodels tmpex Marhe -
“rostom (eodiofoy it caliue
fare poienir. | il bls

ITEM De Li\ll)! ,.!VOI:{(I‘OK'-'K i"l‘O&AI»
it Nwnoo poie) MLGeoszonm Joadhis
mon ?s'k\m&w- z

rees forfpoa 2

i
Com Graca B Priwepss Catrtabs, o 1 g
BASILEAE IX OFFICINA " \:
NENRLICPETAIX A '3}6‘*@#:.;\,,4\, ” o

*Hanna Arendt, Da Revolucao



Non, Sire, c’est une révolution

«Significado astrondmico original: desprovido das
conotacoes posteriores de novidade, comeco e violéncia

«Significado astronomico original: contem a ideia de
Irresistibilidade

O primeliro uso do termo com o significado atual foi na
noite de 14 de julho, quando o rei Luis XIV recebeu do
duque de La Rochefoucuald-Liancourd a noticia da queda
da Bastilha

O rel: C’est une revolte

e[_lancourt: Non, Sire, ¢ ’est une revolution



As trés feridas narcisicas:

- 0 heliocentrismo copernicano
- a evolucao darwiniana

- 0 Inconsciente freudiano



“Uma das afirmacoes menos modestas da historia intelectual”
(Stephen Jay Gould, Trés Aspectos da Evolucao)
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Giordano Bruno (1548-1600)
De I'Infinito Universo et Mondi (1584)
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Johannes Kepler (1571-1630)
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Francis Godwin (1562-1633)

he Man In the Moone (1638)
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John Wilkins (1614-1672)

The Discovery of a World in the Moone (1638)
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Cyrano de Bergerac (1619-1655)
L'Autre Monde (1657)

CYRANO DE BERGEH A

LAUTRE MONDE




Leveza (cf. Italo Calvino)




“Se o discorrer sobre um problema

dificil fosse como carregar pesos,
@58 Ccaso em que muitos cavalos podem

el cot: | LSRRI Jevar mais sacos de trigo do que

”mw;;% £ um s6 cavalo, eu concordaria que
i et -ﬂovu g - /‘ = - - -
Viomiocrm: (MY 74l muitos discursos fariam mais que

Acc®Linceo M°di Camera diN-S-
Dal S

e um sO; mas o discorrer € como 0

AcSLinceo Nobile Fiorentino
Filofofo eMateinatico Primario

S correr, € nao como O carregar, e
———=Um cavalo berbere s6zinho correra
mais que cem cavalos frisios”

Galileo Galilel, 1l Saggiatore




O UNIVERSO

PARA VOCE DESCOBRIR

ANO INTERNACIONAL DA

ASTRONOMIA

200

400 anos do uso astronomico do telescopio




Galileu Galilei (1564-1642)
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O CEU QUE NAO NOS PROTEGE

* O siléncio desses espacos infinitos me apavora
(Pascal)

A natureza € uma esfera infinita cujo centro esta em
toda parte e cuja circunferéncia em parte alguma
(Pascal, Pensamentos)

* A natureza é uma esfera apavorante cujo centro esta
em toda parte e cuja circunferéncia em parte alguma.
(Pascal, manuscrito, ver “A Esfera de Pascal” de J.L.
Borges)

A maquina do Universo € uma esfera infinita cujo
centro esta em toda parte e a circunferéncia em parte
alguma (Nicolau de Cusa)



Do Mundo Fechado ao Universo Infinito
o —

Do Mundo Fechado

ao Universo Infinito
ALEXANDRE KOYRE

e Destruicao do Cosmos
- » Espacializacao do Universo




Quem é o0 outro cosmico?

*Uma super-inteligencia
Um longevo senil
*Um anjo cosmico

Um predador high-tech



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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A Exploracao Espacial












Do not go gentle into that good night,
Old age should burn and rave at close of day;
Rage, rage against the dying of the light.

Though wise men at their end know dark is right,
Because their words had forked no lightning they
Do not go gentle into that good night.

Good men, the last wave by, crying how bright
Their frail deeds might have danced in a green bay,
Rage, rage against the dying of the light.

Wild men who caught and sang the sun in flight,
And learn, too late, they grieved it on its way,
Do not go gentle into that good night.

Grave men, near death, who see with blinding sight
Blind eyes could blaze like meteors and be gay,
Rage, rage against the dying of the light.

And you, my father, there on the sad height,
Curse, bless, me now with your fierce tears, | pray.
Do not go gentle into that good night.

Rage, rage against the dying of the light.

Do not go gentle into that good night
(Dylan Thomas, 1914 — 1953)
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Sistema Solar



Exploracao Espacial:
Esterilidade vs. Diversidade
no Sistema Solar



Sistema Solar
Pessimismo vs. Otimismo



MARTE




* In 1965 “Mariner 4” spacecraft send a few dozen good pictures of the Martian

surface — ng evidencg for intelligent life. Mars is in fact a cold and dry planet!
7

& Sojourner

Spirit + Opportunity



Mariner 4 flyby of Mars (14 July 1965)
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1&2 (1976)
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O Sistema Solar
e umido
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Vestigios de 4gua em Marte

Ja houve clima favoravel a existéncia
de 4gua liquida na superficie. Eis
algumas evidéncias:

Agua brota do subsolo

Frosan Eluvaal escorrimento B R RGRTT







Pioneer 10 Jupiter 3/12/1973
Pioneer 11 Jupiter 2/12/1974; Saturno 29/8/1979
Voyager 1 Japiter 5/3/1979; Saturno 12/11/1980

Voyager 2 Japiter 8/7/1979; Saturno 22/8/1981;
Urano 24/1/198; Netuno 25/8/1989



Galileo Jupiter 8/12/1995
sonda atmosférica 7/12/1995



Luas de Jupiter

lo, Europa, Ganimedes Calisto




Europa




MNOclen metalico

pholojou mal Jpl nasagov

Rocha Aoz

AQUE

Europa, um dos maiores satélites de Jupiter, é
um oceano césmico. Abaixo de sua superficie
congelada jaz um oceano de agua liquida.

.)J'".7

Em futuro préximo
uma sonda visitara

Europa.

Um explorador
aquatico devera
mapear o interior e
procurar por alguma
forma de vida.

A crosta se fragmenta, os blocos de gelo
flutuam na agua, movem-se, e sdo fundidos
em posicoes diferentes apés o congelamento
da agua, Este fenémeno também se observa
nas regioes polares da Terra.



melting of the ice sheet

LAMONT-DOHERTY
EARTH OBSERVATORY

OF COLUMBIA UNIVERSITY

The Subglacial Lake Vostok System
AIR
Vostok Station
ice flow ——pp
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Enceladus




Os cometas -
sao feitos
praticamente

de agua i

Composigio quimica basica: - 3
80% de H,0, B

16% de CO,

4% de CO, ;

e tracos de

NH, e CH,




Evidence for chemical
diversity

Diversity among Oort cloud
comets

No systematic differences

between Oort cloud and
« Kuiper belt » comets

Crovisier 2005

H,0
co
co,

CH,
CaHz
CaHe

CHOH

H,CO
HOCH,CH,0OH
HCOOH
HCOOCHS
CH5CHO
NH,CHO

NH;
HCN
HNCO
HNC
CH3CN
HC3N

H,S
ocs
SO,
CS,
H,CS
NS
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relative abundances [% relative to water]



O Sistema Solar
e organico






[ Earth Titan




2 PHILAE'S DESCENT & TOUCHDOWN 2 7 P/Ch U ryu mOV_GeraSi men kO
@ _ ., . Rosseta/Philae

i we

TOUCHDOWN

e e (RS & 2014/11/23 16:03 GMT
o Se R e S TELEMETRY OK

ROMAP Magnetic field measurements

SESAME it & plamrmamessiveimerts - : . 16:09 GMT

16:00 GMT/17:00 CET
(Time signal expected on Earth)
CIVA Panoramic image
COSAC & PTOLEMY Gas measurements
MUPUS Measurement of harpoon deceleration, surface & subsurface properties
ROLIS Close-up image of surface

ROMAP Magnetic field measurements
SESAME Properties of surface

Credt: ESAATG medialets
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PLUTAO
New Horizons

CLOSEST APROXIMATION
12.500 km
2015/07/15 00:52 GMT






Acao humana
na Terra e alem









Acao Humana na Terra e alem

Antropoceno

Poluicao e Contaminacao extraterrestes
Geoengenharia

Terraformacao

Astroengenharia (Macroengenharia)




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

NATURE |VOL 415|3JANUARY 2002 | www.nature.com

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




natane Vil 461(24 September 2009
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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.

lthough Earth has undergone many
A periods of significant environmen- SUMMARY

tal change, the planets environment » New approach proposed for defining preconditions for human
has been unusunally stable for the past 10,000 development

-3 . . h

ﬁﬂlzgi;tThliE:Ez? Ufﬁ’fﬂbﬂﬁ?’ — ]ﬂ“-l"_’l"m to » Crossing certain biophysical thresholds could have disastrous
pea10glsts a5 Te HOOCENE — 125 seell inan consequences for humanity
civilizations arise, develop and thrive. Such poanD T | ® Threeof nine interlinked planetary boundaries have already been

stability may now be under threat. Since the
Industrial Revolution, a new era has arisen,
the Anthropocene’, in which lniman actions

COPENHAGEN overstepped

Authors
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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.



Abundance

Earth’s Atmosphere
Through Time
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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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Evolucao do Sol

Life Cycle
of the Sun Now Red Giant . _Planetary Nebula

Gradual Warming \t
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Colapso da nuvem molecular

A Terra provavelmente sera destruida



Solar Luminosity versus Time
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Faint Young Sun is important for climate. Not so critical for photosynthesis.



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



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
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concepts

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)
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Onde esta todo mundo?
O Paradoxo de Fermi (1950)
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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.



A Etica do Cosmos
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STEVEN
PINKER

THE BETTER ANGELS
OF OUR NATURE.

WHY VIOLENCE \#
HAS DECLINED




Six Trends

The Better Angels of Our Nature, Steven Pinker

Pacification Process (~3.000 B.C-)
Civilizing Process (13rd century- )
Humanitarian Revolution (17th century- )
LLong Peace (1945- 1989)

New Peace (1989-)

Rights Revolutions (1948- )
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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
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Mergulho da Cassini em Saturno
15 de setembro de 2017
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BRADBURY / 1"

THE [/*

The Martian Chronicles (1950)
Ray Bradbury



Como podem me tocar
estas fantasias de
maneira tao intima?

Prélogo a Crdonicas Marcianas de Ray Bradbury
Jorge Luis Borges (outono de 1954)



Acaso La tercera expedicion es la historia mas
alarmante de este volumen. Su horror
(sospecho) es metafisico: la incertidumbre sobre
la identidad de los huéspedes del capitan John
Black insinua incomodamente que tampoco
sabemos quiénes somos ni como es, para Dios,
nuestra cara. Quiero asimismo destacar el
episodio titulado EIl marciano, que encierra uma
patetica variacion del mito de Proteo.




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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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



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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