




Maybe We Are Alone ip the 
According to a new hypothesis 
by two scien.tists, Peter D. Ward 

1 and Donald C. Brownlee, the 
, conditions necessary for the 
�volution and suNival of 
"COmplex life are so complicated 
and unlikely that Earth may be 
Its only home in the universe . 
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LIFE ZONES 

Life on Earth is made possible 
by multiple factors like location, 
composition and the stability of 
the planet and its neighbors: 
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R!GHTMASS
Long enough lifetime,
nPt too much ultraviolet.

-tr.:;.SIZE AND ORBITS ·.·.-0
STABLE PLANETARY ORBIT 
Neighboring planets do not 
create crbital chaos. 

iSTHE NEIGHBORS ·1 

JUPITER-LIKE NEIGHBOR 
Clears out killer comets 
and asteroids. 

' ,. 

-;;.THE PLANET . ..r.:.�zr:;:;� 'F,�:"."':i:i::-::-::i:-.::z.::;$·.-.:·,1::.::.::::.::":·:1-:: 
OCEAN . i I i LARGE MOON •·••••••· 
Liquid water is esse.niial j Stabilizes tilt. allowin! 
for life 

· 
j · for mild seasons. RiGHT DISTANCE FROM

Ef-RTH
RIGHT PLANETARY MASS 
Retain atmosphere and 
ocean. Enough heat for 
plate tectonics. 

•••• PLATE TECTONICS L ATMOSPHERE 
Allows liquid water, not
v8.por or ice.

By WILLIAM J. BROAD

In the last few decades, a growing number 
of astronomers have prorµulgated the view 
that alien civilizations are likely to be scat­
tered among the stars like grains of sand, 
isOiated from one another by the emptiness 
of interstellar space. Just for Earth's own 
galaxy, the Milky Way, experts have esti­
mated that there might be up to one million 
advanced societies. 

This extraterrestrial credo has fueled not 
only countless books, movies and television 
shows - not to menrion hosts of Klingons. 

Wookies and Romulans - but a long scien­
tific hunt that uses huge dish antennas to 
scan the sky for faint radio signals from 
intelligent aliens. 

Now, two ·prominent scientists say the 
conventional wisdom is wrong. The alien 
search, they add, is likely to fail. 

Drawing on new findings in astronomy, 
geology and paleontology, the two argu 
th�t humans might be alone, at least in th 
stellar neighborhood, and perhaps in the 
entire cosmos. Thev sav modern science is 
showing that Earth's c�mp-0Sitfol1"iiiict-sra� -­
bility are extraordinarily rare. Most every­
where else, the radiation levels arc too high, 
the right chemical elements too rare in 

Build up land, enhance 
biodiversity. 

Right temperature, C< 
position and pressun 

abundance, the hosJ)itable planets too few in 
number and the rain of killer rocks too 
intense for life ever to have evolved into 
advanced communities. Alien microbes 
may survive in many places as a kind of 
cosmic showe,t.-5€�� thev say, but not ex­
tr� civilized enough to be a •·asb...... 
m technology. 

Their book, "Rare Earth" (Springer-Ver­
lag), out last month, is producing whoops of 
criticism and praise, with some detractors 

•· g that the authors have mad
own simp 1st1c about the 
adaptability of life forms while others call it 
"brilliant" and "courageous." 

"We have finally said out loud what so 
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Universe, After All 
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-c�·.: .THE ELEMENTS ;:-:£:::·.­
RIGHT COMPOSITION
Oxygen (Created 'by photo•
synthesis) and just enough
carbon dioxide and other
gases to preserve life with•
out causing runaway
greenhouse effect.

·.;·;;.::.'.-::-:"�-1·::_-: 1. -•;i-.. ::.OTHER FACTORS -;.;•::. .·�l!o\c.;·;r::1'.:ic-:-"'.
BIOLOGICAL EVOLUTION WILD CARDS 
Stable conditions during 
a long period allowed 
evolution of complex 
plants and animals. 

Events like the shift of ,_ 
the continents or the ice 
ages also favored life. 

m-

many have thought for so long - that com• 
plex life, at least, is rare," said Dr. Peter D. 
Ward of the University of Washington, a 
paleontologist who specializes in mass �x-._ 
tinctions and whose previous works include 
"The Call of Distant Mammoths" (Spring­
er-Verlag, 1997). "And to us, complex life 

�ay be a flatworm." 
_ lfhe book's other author is Dr. Donald C.
BJownlee of the University of Washington, a 

..Afoted astronomer, member of the National 
-Academy· ... of..Sciences and chief scientist of 

NASA's $166 million Stardust mission to 
capture interplanetary and interstellar 
dust. 

��l_l_e?ple say the Sun is a typical star," he

Source: "Rare Earth,· Peter D . . 
Ward and Donald C. Brownlee. 

J. Velasco/The New York Times 

said in an interview. "That's not true." Dr; 
Brownlee added: "Almost all environments 
in the universe are terrible for life. It's only 

. Garden of Eden places like Earth where it 
can exist." 

Dr. Geoffrey W. Marcy of the University 
of California at Berkeley, a leading seeker 
of planets around other stars, 31 of whicll 
have been found so far, hailed "Rare Earth" 
as likely to spark a revolution in thinking 
about extraterrestrial life. 

"It's brilliant," Dr. Marcy said in ari 
interview. "It delineates many things I've 
been thinking about but does a much more 

Continued on Page .J 
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Coiltinued From First Science Page 

credible job of listing and explaining 
the various issues." For instance, he 
said, it shows how the giant planets 
discovered so far outside the solar 
system bode ill for the development 
of complex life. 

"It's courageous," Dr. Marcy add­
ed .. "It'.s rare in literature and sci­
ence that a stance goes so far against 
the" grain." 

The notion that alien civilizations 
are· ubiquitous arose in a scie_ntific 
serise four decades ago. 

Dr. Frank D. Drake, then a young 
astronomer at a federal radio obser­
vatory ln West Virginia, in 1960 was 
the first to scan the skies for faint 
ali_en signals, and was quickly joined 
by like-minded experts, including Dr. 
Carl Sagan, then a brash 27-year-old 
astronomer. Dr. Drake 1aid out his 
ideas in 1961, in what came to be 

· known as the Drake Equation. The
· equation made edllcated guesses for

the rate at which stars form, the

Support for a search 
for aliens, but scant 
hope of finding them. 

fraction of stars wlth planets, the 
number of those planets on which life 
arises and so on, including the aver­
age lifetime of technological civiliza­
tions. By his logic, the Milky Way had 
about 10,000 civilizations capable of 
.interstellar communication. 

Later, Dr. Sagan revised the calcu­
lation and raised the estimate to a 
million alien worlds. Since the cos­
mos holds hundreds of millions of 
galaxies, by that analysis the total 
number of alien societies could be 
astronomical, one estimate putting 
the number at roughly 10 trlilion. 

New findings, however, according 
to the authors of "Rare Earth," show 
that the Drake Equation is riddled 
with hidden optimistic assumptions. 
Their stance, the authors say. in the 
preface, is "rarely articulated but 
increasingly accepted by many as­
trobiologists," the general name for 
scientists who study the likelihood of 
extraterrestrial life. 

Dr. Ward said he was drawn to the 
topic because of his studies of mass 
extinctions. Increasingly, top cul­
prits are seen- as speeding rocks
from outer space that hit Earth in 
huge explosions, with one 65 million 
years ago killing off many plants and 
animals, including the dinosaurs. 

New studies, Dr. Ward said, sug­
gest that things could be worse. For 
instance, the rate of terrestrial im-

ON eHE WEB 
Explore the solar system· at: 

www.nytimes.com/science 

pacts could be as much as 10,000 
times higher but for of Jupiter, the 
solar system's largest planet, which 
absorbs many killer rocks and flings 
others intO deep space. 

"We're right on the edge of the 
abyss," Dr. Ward said, in terms of 
higher bombardment rates that have 
probably precluded the development 
of adv_anced life. .

Recent finds of giant Jupiter-like 
planets outside the solar system of-
f er no solace. Most of their oi-bits, he 
said, are .wildly eccentric, which 

. would abet destruC:tive chaos among 
smaller planets rather than shield-

. ing them. "All the JuI)iters seen to­
day are bad Jupiters," Dr. ·Ward 
·said. 110urs is ·the only good one we
know of. And it's got to be good, or
you're thrown out into dark space Or
into your SWI.".

Dr. Marcy, the planet finder, said 
such analyses were adding to his 
doubts about the existence of extra­
terrestrials.· 

Even if some distant Jupiters are 
in stable, circular orbits, Dr. Ward 
said, other faCtors might overWhelm 
their protective effect" and demolish 
any life. For instance, c�oser to the . 
center of the galaxy Where star popu-
lations are far denser, the frequent 
.passage of one star past another 
could trigger cascades of comets, 
trillions of which are thought to orbit 
most stars' icy fringes. ''If you're in 
the interior of the galaxy," he said, 
''you're always getting bombarded.'' 

Added to that fury, he said, is the 
intense radiation and explosions of 
galactic interiors. The star-filled sky 
conveys a false impression of immu- ' 
!ability. New studies show that the
cosmos, especi8.lly galactic centers,
are hotbeds of violence swept by

. killing waves of X-rays, gamma rays 
1 and ionizing radiation. 

"So I don't think there's any life in 
the centers at all," Dr. Ward said. 

Dr. Brownlee, the a.Stronomer and 
co-author, said the odds for complex 
life were similarly bad at galactic 
edges. The analysis of starlight from 
the fringes shows they are relatively 
poor in elements like iron, magne• 
sium and silicon, partly because of 
less recycling of stellar materials 
over the eons and partly because of 
the rarity in such regions of superno­
vas, the stellar blasts that help make 
heavy elements in enormously hot 
explosions. 

These elements, Dr. Brownlee 
said, and even heavier ones that are 
radioactive and also made in super­
novas, appear to be prerequisites to 
the formation of terrestrial-type ' 

• • I planets that have sufficient gravity i 
to retain seas and atmospheres and 
that have plate tectonics, which is · 
powered largely by the heat of radio-
active decay. 

According to the book, the slow 
movement and recycling of plane­
tary crust into a Planet's hot interior 
are key ingredients for the evolution 
of complex life. Plate tectonics, the 
authors say, promotes biodiversity 
by producing mountain chains and 
other kinds of environmental com-

plexicy, lessens the odds of extinc- · 
tlons, helps keep planetary tempera­
tures even through the recycllng of 
carbon and makes dry land on which 
advanced civilizations can flourish. 

11We're critically dependent on . 
mass," said pr. Brownlee. "Being . 
bigger or smaller might rule out 
plate tectonics." · t 

Whole galaxies are metal-poor and 
therefore probably devoid of anima · 
life, Dr. Brownlee added. Only spiral 
galaxies like the Milky Way and its 

. ne,arby neighbor in A,ndromeda aP:,i 
pear rich in metals, and even theri, '? 
only in their inner regions: In con-' 
trast, elliptisal

. 
'!Ile! i

·

r
.
regular

. 
gal

. 
ax-1 

1es, he satd, are barren. : _ _. .. · _ .- , •. ij
·, . "Lowei- metal abundarice rrieanS .
'you can't make a planet as

°

big as the'
�:·_Earth," Dr. · Brownlee· · said. "It f

• . . - -._ J · see.ms like so"mething a lot of people
,;don't wantto hear" \,. _ ... _ ··::·f

. The scientists di;cu�·g Other· piruie� 
····-· ···· ·>-�- - -.--"'.'·�:,·. -� :·t\ :. ,,.:,Yrcr.,_,:
tary characteristics _that are proba- j
bly rare in the UllivCrs_e but are in--;
'.creasingly-seen' as criti�al for· mak- ·-J
ing Earth so favorable to complex '

·life.Among them are_th�se:_ ·, · j
qAn orbit that keeps a planet at ·

exactly the right distance from its ;
star to ensure that water iemains

··liquid, not vapor Or ice. · · -:_ ._· _. 1 
\ , qA large moon at just the right 
Idistance to rriinimize changes in a .

: f�"."et's tilt, ensuring ?�ate stabil- I
qEnough carbon to aid the devel- ·. 

.-. opment of life but not so much to 
allow for runaway greenhouse condi-

. tions, as occur on su_perheated Ve-
- nus.

· 
--• ·

; 
· · 

· ·-
· · 

In the bo.ok's COnclusion, the au­
thors say the Rare Earth hypothesis 
is testable, and they strongly encour­
age such work. Powerful new tele­
scopes will shed light not only on gas 
giants but on the abundance of small-

er, terrestri� planetS ·around diStant 
stars, and will also show whether 
their orbits are stable. and protected 
by larger planets from cosmic bom­
bardment. New � telescopes also 
might find evidence of planets en­
shrouded in ozone and oxygen, which 
in sufficient concentrations imply 
the existence of life. 

The two scientists also call !Or 
searches of Mars, the Jovian moons 
Europa and Ganymede, and Saturn's 
moon Titan for signs of alien mi­
crobes. That discOvery would answer 
the question of whether life is an 
inherent property of matter, as most 
scientists believe. 

The two support radio hunts for 
signs of ad�anced alien civilizations, 
but add that "it is very difficult to 
know" whether the search "is an 
effective use of resources." 

Some advocates of the search for 
extraterrestrial intelligence, lrnOWll� 
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By WILLIAM J, BROAD 
ed, volunteers have donated 165,000 
years of computing tim� to analyzing 

. radio emissions from outer sp·ace. 
Earthlings are so enamored of Among the top performers· listed 

aliens that 1.6 million of them in ·224 on the Web site: Sun Microsystems 
countries have recently joined an (287 years of computer time), Intel 
effort that harnesses home and office Performance Labs (199 years), the 
computers to the job of sifting Computer Aided Engineering lab at 
through a few zillion radio bands to the University of Wisconsin-Madison 
hunt for signs of intelligent life . (89 . years), Ameri_ca - Online• (71 
among the stars. · years), Microsoft (41 years), Fermi 

The SETl@home project of the · National Laboratory (59 . years), 
University of California at Ber.keley Plxar (29 years), Compaq Telecom 
uses idle computers linked to the Engineering (26 years), A. W. 
Internet to plow through signals col- . Spence Middle School in Dallas (25 , 
iected by the huge dish at Arecibo, years), Frank. Terhaar In Yonkers 
P.R., searching for Intelligently · (24 years) .and someone named 
made radio signals amid.the celes· Jean-Luc Picard (6 years). 
tiai static. The biggest of ail the "So far we don't have any really 
world's radio telescopes, at 1,000 feet exciting signals,'' said Dan Werth­
in diameter, it is also the best single . imer, the_ project's chief. scientist.. 
antenna for gathering faint signals. "But it'�, early in the game.,We'_ve,,_ 

Through the Internet, the project · ·only just begun and Earthlings_ are· 
distributes software that enables · pretty primitive· in this field. We're 
home computer users to help sclen- . just scratching the surface." .. · __ 
tists crunch Arecibo data in what its · Free hunt software can be doWll� 
creators call the world's largest ad · loaded from www.setiathome.ssl­
hoc supercomputer. The software , .berkeiey.edu, which has been done· 
works as a screen saver, analyzing· 1.6 million times, Mr. Werthimer 
data only when computers are idle. ·. ; said. Among the effort's sponsors 
Once the data have been analyzed, a :·are the Planetary Society, the Uni­
process that ·can take· days, they are versity· of California, Sun Microsys­
returned to Berkeley for another ·terns, Fuji Film, Paramount Pie- i 
slice of the sky. tures, Intel, the SETI Institute and 
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Smee last· May, ,_mtlhons,, of- people ,J1avei donated"!65,000 years of,·,s� 
combined computer time· searchine- for- intJIIiP'ent lifP h,,.,,nnrl l?,::,M"h 
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