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WHAT ISASTROBIOLOGY AND
WHY DO WE CARE?

1. Isextraterrestrial lifelikely to berareor widespread in
our solar system and in the universe?

2. What isthe nature of astrobiology and planetary science
as historical sciences?

3. Why arewe so interested in the exploration of the planets
and the search for life elsewhere?

4. What would be the philosophical significance of finding
life elsewhere?

5. What isthe nature of sciencein society today?

6. How hastherole of science changed in thelast fifty years?



1. Isextraterrestrial lifelikely toberareor
widespread in our solar system and in the univer se?

» Scientific revolutionsin thelast twenty yearsthat
driveour view of lifein the universe:

—Rapid origin of lifeon Earth
—Divergity of life in extreme environments

—Genetic reconstruction of “treeof life” —possible
extremophile origin of life

—Planetary environments capable of supporting life
—Discovery of planets around other stars

* Environmental conditionsrequired for an origin or
continued existence of life elsewhere

—Liquid water
— Access to biogenic elements
— Sour ce of energy to drive chemical disequilibrium



Arewe deluding our selves?

Aren't statistics of one wonderful?

Thischain of logic is based on presently available
observations and inferences. Thisdoesnot mean that it
IS correct.

It doesindicate, however, that a search for lifein the
most-suitable environmentson Marsor Europais
appropriate, and that the outcome will be a valid test of
this chain of hypotheses.

Whatever the outcome of such a search, it will tell us
much about our understanding of the origin of lifeon
Earth and thelikelihood of life being widespread
throughout the galaxy.



2. What isthe nature of astrobiology and planetary
science as historical sciences?

- Historical narratives and sciencein general

—Use of historical narrativesisdifferent from canonical
philosophical views of science, based on “physics’
model.

—We cannot determinethedistribution of lifein the
universeor the history of Marsfrom first
principles.

—W e cannot repeat the experiment with different
constraints (except to extent that different
planets and solar systems arerepetitions of an
experiment).

« Examplesof historical narrativesin astrobiology

—Origin and evolution of life on Earth

—Whether thereislifeon Marsor Europa
—Distribution of extrasolar planets, Earth-like planets
—Occurrence of intelligent life elsewhere

« Infact, the“Big Questions’ in science can be addressed
only through historical narratives:

—Fate of the universe

—Origin of galaxies, stars, and planets

—Origin of lifeon Earth (and Marsor Europa?)
—Nature of intelligence and psychology of the mind
—Arewe alone?



3. Why arewe so interested in the exploration of the
planets and the sear ch for life elsewhere?

RELEVANT OBSERVATIONS ABOUT THE SCIENCE:

« Astrobiology, planetary science, and astrophysics have
few if any practical applications. Those that do exist
(e.g., saving theworld from ARMAGEDDON and DEEP
IMPACT) certainly are not the program drivers.

« Specific scientific results are superseded or
demonstrated aswrong very quickly.

 Wewill never have answersto all of our questions; each
new answer raises questions at a deeper level.



INFERENCES:

» Clearly, wearenot “doing” planetary exploration for
the specific new knowledge that we obtain.

 Welikely aredoing it for the exploration value, asa
search for knowledge, in order to find out what isin the
world around us.

e Thedriver behind much basic scienceis not the new
information that is obtained but, instead, the process of
deriving new results. Copernicus and Newton, for
example, are of lasting importance for their rolesin
affecting philosophical and scientific thought and
processrather than thelasting value of what they
specifically discover ed.

* By learning about the world around uswe are learning
about what it meansto be human.



4. What would the philosophical significance be of
finding life elsewhere?

A SCIENTIST'S PERSPECTI VE:

* Finding any life elsewherethat had an origin
iIndependent of that on Earth would be philosophically
profound.

* Finding microbeswould bejust assignificant asfinding
intelligent life for what it tellsus about the nature of life
and itsdistribution in the univer se.

* Finding either would suggest that life wasjust another
form of chemistry (albeit an interesting one) in a
planetary environment.

» Thiswould be as profound asthe discoveries by
Copernicus and Darwin.



Finding bacteria elsewhere would be scientifically
interesting, but only finding extraterrestrial intelligence
would betruly profound.

It won't really make any difference to most people; their
liveswould go on pretty much as before.

We should solve our own problems on Earth before we
even go looking for life elsewhere.

Extraterrestrial intelligence will help usto savethe
world by solving all of our current problems.

Extraterrestrial life will destroy our civilization, either
by intent or by accident.

The existence of extraterrestrial life or intelligence
would beinconsistent with the view of modern religions.

Modern religions have adapted to deal with scientific
discoveries and societal changesin the past, and they
probably can adapt to deal with the discovery of life
elsewhere (if there s even a conflict).

We've already discovered extraterrestrial life and the
government ishiding it, probably in a hangar near
Roswell, New M exico.

We may not have discovered it yet, but the gover nment
IS covering up anyway.



5. What isthe nature of science in society today?

Science consists of two very different concepts:

e |tisacollection of factsthat describe theworld around
us.

» |tistheactivity of trying to understand the nature of the
physical world by discovering facts and the underlying
principlesthat explain them.

It iswith thelatter that science makesits most
fundamental contribution. It saysthat theworld is
inherently under standable, and that we can understand it
by observing it.



|sthe search for life elsewhere avalid
resear ch focusfor NASA?

* Determining whether we are alonein the universeis of
profound importance for how we view ourselvesasa
gpecies, asa society, and even asa biosphere. Theseare
guestions that we have been asking for, literally,
thousands of years.

 Major revolutionsin terrestrial biology, paleontology,
astrophysics, and planetary science have brought usto
the verge of a possible discovery of extraterrestrial life
on Marsor Europa. We may get an answer within our
lifetimes and conceivably within a decade.

* Oneof the hallmarks of western civilization isthe desire
to understand theworld around us. Certainly, we have
been an “ exploring” society for most of thelast two
thousand years. Looking for our placein theuniverseis
onemajor activitiesthat givelifeits meaning.



6. How hastherole of science changed
In thelast fifty years?

* Vannevar Bush’s 1945 report on “ Science: The Endless
Frontier”

— Science and technology ar e good.
—Creation of National Science Foundation to promote
science, technology, and graduate training.

e Segueto Cold War, 1955-1989

— Science and technology still valued for basic
contributions.

— Sense of international competition, with science
and technology deter mining the victor.

» Post-Cold-War (modern) era

— Science and technology still valued (Ehlersreport).

—Addressing modern problems and education are seen
as high priorities.

— Science often seen by Congress asjust another
constituency.



How should we respond to this change
In the nature of science?

We need to educate the public on the nature of science
and how it differsfrom, say, religion.

We need to change our mindset that science should be
supported solely becauseit is“good”.

We need to engage scientistsin a discussion on the value
and role of science in society.

We need to value the “ exploration” and “ philosophical”
aspects of planetary science and astrobiology.

We need to enter into adialog with the public on the
role and significance of astrobiology, rather than
devaluing their perspectives and telling them what they
should value.

We need to recognize the importance of outreach and
education in the broadest sense and valuethe
contributions of those who engageiin it.

We haveto do these things while continuing to do the
highest-quality science.



“We shall not cease from exploration, and the end of all our
exploring will beto arrive where we started and know the place for
thefirst time.”

T.S. Eliot



