
An Institute for Planet Earth 
In a bold, contentious move, Columbia University is linking its renowned earth science 

faculty with biologists and social scientists to study the planet's future 

PALISADES, NEW YORK-For half a century, 
the Lamont-Doherty Earth Observatory, per- 
haps the world's premier center for earth sci- 
ence research, has perched on the cliffs here, 
overlooking the Hudson River 15 kilometers 
north of New York City. In a setting that some 
have likened to a monastery, its community of 
just over 100 scientists has been pleasantly - 
isolated for most of that time-even from 
their host universitv. Columbia, a world 
away in upper ~ d i t t a n .  

In this secluded environment, Lamont 

sonal to Interannual Climate Prediction 
(IRI), a collaboration with the Scripps In- 
stitution of Oceanography and the Na- 
tional Oceanic and Atmospheric Adminis- 
tration. The institute will eventually host 
about 40 staff scientists and 40 visitors from 
around the world-geophysicists, anthro- 

researchers have built a reputation for ex- 
cellenc+making discoveries about the 
spreading of the ocean floor that laid the 
groundwork for plate tectonics, tracing 
global ocean currents, and studying an- 
cient climate changes. More recently, they 
developed the first computer simulation 
that could correctly predict El Niiio and 
discovered that Earth's inner core rotates 

Connecting different worlds 
The roots of the Earth Institute go back 
nearly 7 years, to when Crow came to Co- 
lumbia from Iowa State University in Ames 
to work as a consultant to Gordon Eaton. 

from the rest of the planet. Opening to the world. Lamont-Doherty Earth 
But now, as it nears its 50th birthday Observatory's geoscience library, 

in December 1999, the monastery is be- 
ing opened to the world. Lamont-Doherty is pologists, and others-who will work to 
the nucleus of Columbia's new Earth Insti- predict the human consequences of climate 
tute, the university's effort to link the earth events like El Niiio. "It's a very unusual and 
sciences with biology and social science. Uni- courageous move on their part to bring so 
versity leaders are trying to connect the many intellectual disciplines together," says 
observatory's faculty members with research- Robert Corell, the head of the National Sci- 
ers "across the river" on the main campus to ence Foundation's geosciences directorate. 
address crucial environmental auestions such The scale of the effort isn't the onlv 
as the human and economic effects of global 
warming and loss of biodiversity-and, they 
hope, to capture a share of the growingfederal 
funding for global change research. 

Other universities are watching with in- 
terest. Observers say Columbia's efforts to de- 
velop a global change program, although not 
unique, are more ambitious than anything 
other institutions have tried. "I don't know of 

daunting thing about it. "Our first year out of 
the blocks has not been easy," acknowledges 
Columbia Vice Provost Michael Crow, one 
of the driving forces behind the Earth Insti- - 
tute. Many researchers at Lamont are wary of 
the project. "The emphasis is on societal rel- 
evance," says one longtime Lamont researcher. 
"For a lot of solid earth geophysics, it's hard 
to caDture that." 

any other university that is consciously trying 6 e  early days of the Earth Institute have 
to bring about as much activitv as Columbia also ex~osed cultural riftdifferences in - 
is," says Ralph Cicerone, an atmospheric 
chemist who is dean of the college of physical 
sciences at the University of California, 
Irvine. Since 1994, Columbia has launched 
10 new programs or centers as part of the Earth 
Institute (see table). They range from the 
takeover of Biosphere 2, the sealed green- 
house in Arizona, to the Earth Policy Center, 
which links earth and social scientists. 

And next month the university will 
break ground on Lamont's campus for a 
$10 million building to house the fledgling 
International Research Institute for Sea- 

views about how to conduct an experiment 
and when to ~ublish results-between fields 
that are supposed to collaborate, such as at- 
mospheric chemistry and ecology. And some 
faculty members say that the institute's con- 
troversial director, Peter Eisenberger. has - ,  

worsened the tensions by favoring some 
fields and neglecting others. One leading re- 
searcher is leaving, another has threatened 
to do so, and talk of shake-ups is in the air. 
But Crow says no one expected the changes 
to be easy or fast. "We're patient," he says. 
"We're taking a longer view." 

Lamont's director at the time. "There was a 
separation between this community of ex- 
,, ceptional scholars and the rest of the 

university," says Crow. "Even though 
they were succeeding on their own," he 
says, he and others wanted to draw 
Lamont into the evolution of the uni- 

I 
versity as a whole. 

About the same time, he says, "every- 
one was starting to realize that the Earth 
was an integrated problem-that you had 
to take the physical, natural, and social 
sciences together to address the bolder 
concept of how to better manage the 
Earth." Eaton, Crow, and other univer- 
sity leaders saw that Columbia had many 
of the basic building blocks in place- 
respected schools of public policy, public 
health, and medicine, as well as earth 

science. The Earth Institute's role. savs Ei- , r 

senberger, is "to add a catalytic piece" that 
brings the different disciplines together. 

It seemed a rich vein both intellectually 
and financially-federal funding for global 
change research is $1.9 billion this year- 
and so Columbia launched a "global systems 
initiative," which began funding pilot inter- 
disciplinary projects. In 1995, Eaton resigned 
to head the U.S. Geological Survey. Colum- 
bia then hired Eisenberger, a physicist who 
had been head of the Materials Institute at 
Princeton University, to be both director of 
Lamont and vice provost in charge of the 
newly named Earth Institute. 

So far, Columbia has committed more 
than $10 million in new funds to provide 
seed grants for research and to hire a dozen 
new faculty members-and as many as 20 
more may join them, Crow says. Most of 
those new hires, Eisenberger says, will hold 
joint appointments in two departments or 
schools and will strengthen areas in which u 

Columbia is weaker, especially in ecology 
and other biological sciences. " 

At Lamont, posters advertising a seminar 
on biodiversity and a workshop on "climate 
impact assessment" hang next to an announce- 
ment of a lecture on ocean geochemistry. And 
the monastery is accepting new members from 
different traditions. Plant physiologist Kevin 
Griffin, who arrived from the Desert Research 
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A Mini-Earth Struggles for Respectability 
ORACLE, ARIZONA-The o r ~ g ~ n a l  planners of B~osphere 2, the 
glant greenhouse In the Arlzona desert, hoped to bu~ld  a micro- 

cosm of E,~rth. w h ~ c h  the\ called Blosphere 1 No\\ the facl11t~'s 

ine hectares for $1 million. 
Puttlng Biosphere's potentla1 to use proved more dlfficult than 

exnected. however. Broecker had env~s~oned  long-term stud~es ot 
current manager, Columbia University, is attempting a seemingly 
more modest goal: creating a ~nicrocosm of the universitv's Earth 
Institute-a research and teaching facility focused on the science 
of global change (see ~ n a i n  text). 

u .  

The new goal may be no less ambitious than the old one, 
however. Technical difficulties and disagreements over how to 
use the facility have stalled progress. Slnce Columbia took over on 
1 January 1996, research has been sparse, and several 
scientists have quit Rlosphere in frustration, including Wallace 
Broecker, a geoche~nist at Colurnbia who forged the first ties 
between Biosphere 2 and the un~versity. 

Now Broecker and others see encouraging signs. Several 
papers on  Biosphere research are in press, and an experiment in 
the 3.8-million-liter "ocean" made a splash at a recent meet- 
ing. T h e  study showed how the changes in ocean carbonate 
concentration expected to  result from rising atmospheric car- 
hon dioxide can damage corals (Science, 13 February, p. 989). 
And  a long-planned experiment o n  the effects of carbon diox- 
ide on  trees is getting started this month-one of more than a 
dozen projects currently under way. "Finally, they've sort of 
turned the corner," says Broecker. "It bottomed out,  and it's 
started back up." 

It's not the first time the facillty has been down and bounced 
back. Financed by Texas billionaire Edward Bass, - 
the 1.3-hectare, $200 million greenhouse was origi- 
nally designed as a new-age experiment: a sealed, 
self sutficient miniecosystem capable of supporting 
eight people and thousands of animals and plants 
for 2 years. Launched in 1991 with m ~ l c h  fanfare, 
the project became the butt of jokes as oxygen lev- 
els declinecl and food production dwindled. In 
1993, the hiospherians asked Broecker for help, and 
he and graduate student Jeff Severinghaus estab- 

how large plants respond to varylng carbon dlox~de levels Ecolo- 
g~sts, on  the other hand, wanted to stud\ the changes In b ~ o  
d~vers~ty as themin~ecosystems evol~ed To  Broecker, thelr projects 
lacked rlgor "One of [the proposed ecologl] expermenti a as to 
Infest the thlng w ~ t h  bugs, randomly, and let ~t run a year, and 
then kill all the bugs and let ~t run another )ear," he 5 a ~ \ .  "An 
other was to bum half of the rainforest." In December 1996, he 
quit as science director, f r m t e d  by the lack ot progre+ 

But Joseph Berry, a plant biolog~st at the Carnegle Ins t~ tu t~on  
of Wash~ngton who heads the s c ~ e n t ~ f ~ c  advlsorv committee, 5a)s 
uroeress had to be slow "The fac~lltv Itself wa5 not des~gned tor 
& L, 

science," he says. Before experimenks could get under \\.ay, re- 
searchers had to collect basic but crucial information on gas tloiv, 
soil composition, and temperature fluctuations. 

Now that new monitoring systems are in place and researchers 
have a better understanding of the system's caprices, one of the 
expertments Broecker en\ ~ s ~ o n e d  IS f~nally startlng Researcher\ 
w ~ l l  plant fast-grow~ng cottonwood trees In a 0 22-hectare enclo- 
sure that has been sealed off from the rest of R~osphere 7 ,111ii 
subd~v~ded.  allow~ne the team to obserl e hou the trees respond to - 
\raving carbon dioxide and temperature levels. Other scientists 
are beeinnine experiments on the flux of nitrous oxide from the L. . 
soil to the atmosphere and how plants adapt to ultra\ioler 11ght. 

Watching and taking part in these projects are 
students in the "Earth semester" that Columhia 
hosts at Biosphere 2-just over 5L7 of them this 
spring. But it's harder to mesh research with 
Biosphere's third role, as a tourist attraction. The 

2 visitors, who pay $12.95 per adult, provlde critical 

Capricious beauty. B~osphere 2, whlch contains multiple ecosystems, 
cludlng an 'ocean ' has been hard to tame fuf rigorous research 

suppo~tfor  the f a c l l ~ t ~ ,  but ~ t s  sclent~fic charms Are 
not  always crowd pleaserr. 

The "ocean," for example, ~sn ' t  much to look 
at-a few small fishes and corals 111 I\ ater \tallled 
yellow-green bv a d~ssolved nltrogen compound 

I T h e  glass roof blocks the ultrav~olet light that 
would normally break the compound d o a n  AIO 
sphere management has dec~iled that the il~spla\ 
shouldbe more attractive. So researchers are golnc 

to f~l ter  the nitrogen out of the water, move rocks and corals 
so thev are nearer the vlenlne w~ndo\vs, and restock the 

0 

ocean w ~ t h  f~sh-~ncludlng some small sharks Mar~ne  b~ol( l  
gist Marlin Atk~nson  of the U n l v e r s ~ t ~  of Haw all, klanoa. 
~nsists that such changes won't Interfere 131th research 
"Wete g a n g  to ~ntroduce them In an exper~mental \\a\ " 

~ n -  Whether B~osphere can ever be turned lnto a nell- 
controtled laboratorv stdl ~sn ' t  clear, however Temper,~ture\ 

lished that bacteria in the rich soils were consuming more oxy- 
gen than expected. 

Broecker says his visit to Biosphere convinced him that the 
sealed environment could be a boon to geochemical research. 
After a second attempt at colonization was aborted and the 
project went into receivership, Aroecker and Columhia Vice Pro- 
vost Michael Crow helped negotiate an arrangement with Bass, 
who gave Columbia a $40 million grant to run the facility for 5 
years. At  the end of that time, the university can give it back to 
Bass, extend the lease, or purchase the facility and 100 surround- 

near the cel l~ng are often more than 20 degrees higher than 
on  the ground, klll~ng the tops of trees, and carbon ihoxlile st111 
fluctuates w~ldly every day. U n t ~ l  those problems are smoothed 
out, ~t w ~ l l  be dacult to attract the c r ~ t ~ c a l  m ~ s s  of sccentlbts 
needed to make research at B~osphere 2 thrlve, says Bruno M'irlni) 
of Harvard University, a former science director under Bass and a 
member of the science advisorv committee. Deputv director Lisa 

L ,  

Graumlich is not worried, hoLzever. With visitlng researchers 
from Columbia and elsewhere. "we're at about half critical mass." 
she says. "But it's an expone~ltial process . . . a h l c h  means tomor- 
row, we're essentially there." -G . V. 



Institute at the University of Arizona last sum- 
mer, is the first biologist to set up shop on the 
Lamont campus-in a building where most of 
the occupants study earthquakes. 

Griffin is collaborating with Lamont 
scientists to see how fossil plants might be 
used to reconstruct past climates and to 
analyze how the enzymes in living plants 
respond to different temperatures i n d  
carbon dioxide levels--conditions like 
those predicted by Lamont's climate mod- 
elers for a future greenhouse world. He is 
also collaborating with researchers from 
the Carnegie Institution of Washington, 
the paper manufacturer Westvaco, and 
Biosphere 2 to study the effects of chang- 
ing carbon dioxide on cottonwood trees 
in Columbia's first large experiment at 
Biosphere 2. Griffin says he does not feel 
isolated or out of vlace at Lamont: "It is 
not hard to convince people that what I do is 
important to what they do and vice versa." 

But not every effort to collaborate 
across disciplines starts smoothly. Shout- 
ing matches broke out between geochemists 
and ecologists during some of the meetings to 
set research priorities at Biosphere 2 in the 
months following Columbia's takeover in 
1996, says Crow (see sidebar). And even 
when collaborators agree on a project, differ- 
ent work habits can lead to tensions. As 
Crow puts it, "social scientists will go 3 years 
without publishing, while natural scientists 
want to publish 5 papers a year." 

Even so, several projects have already 
paid off. One is an IRI-sponsored collabora- 

tion between Lamont climate scientists 
Mark Cane and Stephen Zebiak-two of 
the first to predict an El Niiio event success- 
fully-and Columbia anthropologist Ken- 
neth Broad to develop El Niiio warnings 
tailored to the South American fishing in- 
dustry. During an El Niiio, waters off the 
coast of Peru become warmer than normal, 

its forecasts of ocean surface temperatures wr- 
respond to fish migration patterns, as well as 
how groups from fishers to factory owners react 
to the forecast information. 

But now the team has run into another 
problem: where to publish the work. "It's not 
groundbreaking anthropology," says Broad, 
and it doesn't really fit into a geophysical jour- 
nay "It's a risk for a nontenured person to go 

I into this," he says, "because they'll come up for 

Earthly powers. Earth Institute director Peter 
Eisenberger (left) and noted geochemist Wallace 
Broecker don't see eye to eye. 

which disrupts the upwelling of cool, nutri- 
ent-rich waters. Food becomes scarce for 
fish, including anchovy, sardines, and mack- 
erel, affecting their migration and reproduc- 
tion. The combination of overfishing and a 
strong El Niiio in 1972 caused the anchovy 
fishery to collapse. 

The researchers wanted to see if they could 
develop predictions that could help prevent 
another crash. To make their model "actually 
useful" instead of "theoretically useful," Zebiak 
says, the collaboration is learning exactly how 

tenure in their department, and [evaluators] 
are going to look for publications in the top 
journals in their field" rather than in less fa- 
miliar cross-disciplinary publications. 

I 
Seismic strains 
Not all the stresses at the Earth Institute 
are intrinsic to cross-disciplinary work, how- 
ever. Some scientists complain that a few 
areas are getting too much attention, while 
disciplines in which Lamont is tradition- 
ally strong are being slighted. "I think that 
people who do traditional work have got- 
ten the idea that [Eisenberger] is never go- 
ine to ~ u t  anv more resources into fields " .  
like petrology-and that's about half of 
Lamont," says Lamont geochemist Wal- 
lace Broecker, an outspoken critic. "He's 
really crippled the morale." 

Others complain that study of the eco- 
nomic impacts of global change has domi- 
nated the Earth Institute's agenda. Indeed, 
two of the institute's units are focused on eco- 
nomics and a~vlied mathematics. Both are . . 
headed by mathematical economist Graciela 
Chichilnisky, who is also co-chair of the plan- 

..- . - - .. .. - - - - - - - - - - - - 

keen about the economic side of 
using the basic science," says La- 
mont's associate director, ocean- 
ographer Taro Takahashi, but he 
says most scientists at Lamont are 
more interested in humanitarian 
applications for their research, 

I such as arms control or disease 
prevention. 

Crow acknowledges the strain. 

11 SYstem~Research spedabs in colllputer modeling and && I I 1 he tocus on economics, he says, 

I 
has left some faculty members feel- 
ing that earth science and ecology 
have secondary intellectual status. 
"That put a tension through the 
whole organization that has been 

111 Earth Engineering Center The former Schml of Mines looks for ways to provide raw materials in an 11 

Consortium for lntemational Columbia perwaded CIESIN, a nonp.offt center for earth science and sodal 
Earth Sdence lnfofmati~.~ science data, to mwe from Michigan to the Lament-Doherty campus. 
(CIESIN) 

F 

very difficult to get around," he 
says. Nor has Eisenberger been as 
tactful as he might have been, 
Takahashi adds: "Diplomacy was 
needed, but was lacking." 

Eisenberger responds that some 
areas of collaboration simply 
needed more attention than oth- 
ers. "We have to focus on mak- 
ing each of the units successful 
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berger says he is open to possible manage- in its own right," he says. "If each of these 
things is amazingly successful, we will have 
a foundation, and the integration will hap- 
pen almost naturally." He adds that he's 
been throueh similar transitions before. 

But Lamont's passage through the valley 
may leave some scars. At  least one longtime 
researcher will leave this fall-in part, he 
says, because of the new direction at Lamont. 
Broecker has threatened to leave as well, 
although he now says he will wait through 
the summer to see if the situation improves. 
Both Crow and Eisenberger say that Lamont 
may soon get a separate director. "What 
we're finding is that the task of running the 
Earth Institute as a whole and running 
Lamont is quite difficult," Crow says. Eisen- 

ment changes: "It wasn't me who insisted 
on both iobs." 

Even those who are most upset by the 
changes at Lamont endorse the concept of 
the Earth Institute, however. "The ratio- 

- 
when he set up the Princeton Materials 
Institute, and before that at Exxon, where nale is good," says the researcher who is 

leaving this fall. "It does identify what some 
people say is the key problem of the 21st 
century. Regardless of where I sit, it's an 

he organized a center for the study of com- 
plex systems. Efforts to yoke separate disci- 
plines to a common vision always pass 
through a "valley of death" before they be- 
gin to succeed, he says. 

interesting experiment." 
-Gretchen Vogel 

HUMAN GENOME PROJECT 

Funders Reassure Genome Sequencers 
COLD SPRING HARBOR, NEW YORK- 
J .  Craig Venter, president of The Institute 
for Genomic Research in Rockville, Mary- 
land. dominated an international meetine* of 

decision to publicize it "was to a certain ex- 
tent a resDonse to the announcement" bv 
Venter and Perkin-Elmer. 

The Wellcome Trust h o ~ e d  its announce- - 
genome researchers here last week, although 
he wasn't even mesent. Scarcelv a session 

ment would allay fears that Venter's plans 
would ieo~ardize the international seauenc- 

went by without a reference to ~eAter 's  stun- 
ning announcement, just 4 days before the 
meeting began, that he plans to team up with 
the Perkin-Elmer Corp. of Nonvalk, Con- 
necticut, to form a new company to sequence 
the human genome in 3 years (Science, 15 
May, p. 994). Because many of the meeting 

, . 
ing effort, yet produce a genome that falls 
short of the original standards for complete- 
ness and accuracy. These require that there 
be no more than one mistake per 10,000 base 
pairs and, ultimately, no gaps in the sequence 
data. The new company will take a brute- 
force approach, sequencing the entire ge- 

participants are involved in a vast public pro- 
gram to do the same thing by 2005, the 
subtext of the gathering was: What does 
Venter's proposal do to our plans? 

Virtually everybody here seemed to reach 
the same conclusion: Because of uncertain- 

nome at once using a battalion of new ma- 
chines being developed by Perkin-Elmer. 
Some researchers have argued that this strat- 
egy will leave too many gaps and ambiguities. 

Collins cited those concerns last week, 
noting that "there is a great deal of uncer- 
tainty and debate about whether this par- 
ticular strategy will be able to give us the 
product desired." He confirmed that NHGRI 
will go ahead next year with plans to estab- 
lish a coooerative research network of about 

Genome politics. More than 
research was debated at this annual meeting. 

ties surrounding Venter's approach and fears 
about data-hoarding by a private venture, 
the public effort should be stepped up. The 
strongest response along those lines came 
from the United Kingdom's Wellcome Trust, 

Craig Venter to become the Bill Gates of 
biology." Morgan says the Wellcome Trust 
shares that concern: "Our concern is that 
biotechnology companies may try to Hoover 
up basic sequence data. . . . We will challenge 

a dozen sequencing centers, at a total cost of 
$90 million. "There will be no backine awav 

one of the world's largest sources of biomedi- 
cal research funds. On  13 Mav. it announced 

any such patent applications." 
For the most part, genome researchers were 

cheered by both the Wellcome and Collins 
announcements. "It was eood to let everv- 

, , 
that it will double its investment in the in- 
ternational sequencing project. And Francis 
Collins, the director of the National Human 
Genome Research Institute (NHGRI). as- 

- ,  

from the notion that this is our major effort," 
he said at the meetine. - 

Even Venter agrees that "right now, they 
should keep doing what they are doing until 
they have had a chance to scientifically evalu- 
ate [the new approach]." Although he main- 
tains that his company's sequence will be 

" 

body know where we are going," says Rick 
Myers, co-director of Stanford's human ge- 
nome sequencing center. "It would be hor- 
rible if the [HGP] gets derailed." A few wor- 
ried. however. that NHGRI is not doine 

, . 
sured meeting participants ;hat the U.S. 
Human Genome Project (HGP) will con- 
tinue as planned. "It is critical that we not 
retreat from our goal," Collins said. 

The Wellcome Trust's program director 
for genetics research, Michael Morgan, said 
that the trust now plans to put $325 million 

" 
enough. Evans, for example, says that se- 
quencers should now focus on producing 
data faster than Venter can and, for the time 
being, worry less about accuracy and piecing 
that data together. He also argues for more 
funding, pointing out that in the most re- 
cent awards, the sequencing centers didn't get 
what they asked for to scale up their pro- 
grams. Still, some think the Perkin-Elmer 
venture will be a boon to their own efforts. The 
new company "will help galvanize us and 
[make us] work together," predicts Myers. 

-Elizabeth Pennisi 

as accurate and as complete as the publicly 
funded genome, "it's fair to have that skepti- 
cism," he said after the meeting. He said he 
plans to test the new approach by sequencing 
the genome of Drosophila. 

Aside from concerns about aualitv. reac- 
into completing about one-third of the total 
human genome sequence by 2005. If neces- 
sary, he added, it may be prepared to se- 
auence as much as half the eenome. The 

, .  
tion to Venter's announcement has been 
tinged by fears that the new company will 
stake a proprietary claim on much of the 
genome. Venter has said that the company 
will patent only 200 to 300 genes, but others 

" 

work will be done at the Sanger Centre near 
Cambridge, U.K. Morgan emphasized that 
the increase had been in the works for 
months, but said at the meeting that the don't want to depend on that promise. As 

Glen Evans, who runs a sequencing center at 
the University of Texas Southwestern Medi- 
cal Center at Dallas, puts it, "we don't want 

' The 1998 Genome Mapping, Sequencing, and 
Biology Meeting, 13-1 7 May. With repmting from Nigel Williams. 
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