
"The idea that gathering 
data is equivalent to 
solving problems is a 
fallacy." 

-Jim Ande 

If the budget gets much 
tighter, it will be time "to 
consider radically 
rescoping the mission!' 

-Berrien Moore 



launch of EOS-A was scheduled for 1996, 
and EOS-B would go up 2 years later. The 
platforms had 5-year design lifetimes, after 
which new versions would be launched. 

Outsized ambitions? In retrosDect. Bre- . - 
therton admits to reservations about the scale 
of the Drogram that his committee blessed. . " 
His committee, he says, "wasprobably as guilty 
as everyone else of putting forward a scien- 
tific program that was overambitious." 

And from the beginning, EOS's critics ex- 
pressed the same reservations, but more 
strongly. As Jim Anderson puts it, 'The idea 
that gathering data is equivalent to solving 
problems is a fallacy. You can collect huge 
amounts of data. but if those are not care- 
fully matched to problems, then the data just 
gather in databanks and you make no pro- 
gress." The critics also warned that EOS was in 
danger of collapsing under its own complexity. 
It would have a better chance of surviving 
budget vagaries if it were less ambitious. In 
particular, they advocated a multitude of small, 
cheap satellites aimed at specific climate change 
questions (Science, 16 June 1989, p. 1248). 

Some NASA researchers, though, see pit- 
falls in such a focused a ~ ~ r o a c h .  Nobodv . . 
knows what surprises might emerge in the 
course of global change, they say, and a tar- 
geted research program would be in danger 

of missing them. As Dozier puts it, "What we 
haven't done [in planning EOS] is ask a ques- 
tion and design an instmment to answer 
that question. What we have instead tried to 
do is design instruments with a range of mea- 
surement capabilities so they can answer a 
lot of questions, some of which we haven't 
been smart enough to ask yet." In 1990, an 
NRC review lent its support to that strategy, 
although it recommended that EOS be lim- 
ited to a single large platform. 

But the EOS vision collided with fiscal re- 
alities in 1991, when the Senate trimmed the 
EOS budget from $17 billion through the year 
2000 to $1 1 billion. In response to the budget- 
ary squeeze, the White House convened a 
panel of outside experts, unaffiliated with 
NASA or EOS, to do an engineering review of 
the program. The panel, led by Ed Friernan, 
director of the Scripps Institution of Oceanog- 
raphy, concluded that EOS in its original grand 
form could hardly be maintained under the 
lowered budget ceiling. Indeed, EOS had been 
straining against even its original budget. The 
mass of the instruments alone, for example, 
had grown by 16% just between 1990 and 
1991, with concomitant increases in cost. Ac- 
cording to physicist Greg Canavan of Los Ala- 
mos, a Frieman panel member, the governing 
philosophy of the EOS investigators seemed 

to be to design instruments "worth their weight 
in gold" rather than compromise on specifica- 
tions that were technologically optimistic. 
Or, as Dixon Butler put it: "We tried to stick to 
our guns toward quality of measurement." 

The panel recommended a sharp change of 
course. Its first target was the plan to mount 
all the instruments aboard the same plat- 
form. The rationale for doing so had been si- 
multaneity, but the panel demonstrated, with 
the help of NASA'sRobert Watson, who heads 
the research and analysis program, that by fly- 
ing two of the key instruments on both EOS-A 
and EOS-B, while dropping or deferring less 
essential instruments, simultaneity could be 
maintained. fewer instruments could be 
stacked on each platform, and the platforms 
themselves could be considerably smaller. 

Smaller platforms, the panel went on to 
argue, could be developed and flown more 
quickly, and there would be less to lose in a 
single accident or malfunction. What's more, 
dividing up the instruments into smaller sets, 
which could be sped up or delayed with less 
effect on the rest of the program, would make 
the program as a whole much more resilient 
in the face of unexpected budget changes 
(Science, 27 September 1991, p. 1481). EOS 
as originally planned, says Frieman panel 
member Peter Banks, dean of the school of 

uled launch in 1998, many global change variables are going uled CERES, an instrument that would study clouds and the 
unmonitored (see main text). So why not fill the gap with a radiation budget, to fly on both ofthe large EOS platforms. And 
separate program of simpler, cheaper satellites to monitor such he adds that if NASA can manage to advance the flights of an 
things as atmospheric aerosols, water vapor, clouds and the ra- instrument called SAGE 111--the Stratospheric Aerosol and Gas 
diation budget? Good idea, many NASA advisers have said. But Experiment-into the same time frame as the first two EOS 
a combination of NASA's reluctance and agency tug-of-wars satellites, then "we would in effect implement most of Clirnsat, 
seems likely to keep the small satellites grounded. the heart and soul of it, just on the regular EOS program." 

Although researchers had been pushing for such satellites for The Office of Management and Budget (OMB) still saw a gap 
years, they didn't emerge as a formal proposal until Jim Hansen of that could be filled by a small-satellite program like Hansen's, and 
the Goddard Institute for Space Studies articulated the need in a last February it tried to take the situation into its own hands. 
"roundtable" discussion in January 1990, called by then-Senator According to Jack Fellows, OMB's branch chief of space science 
A1 Gore of Tennessee and Maryland Senator Barbara Mikulski. programs, OMB had a commitment from the Bush Admiitta- 
Hansen's suggestion grew into a formal proposal, requested by tion for $100 million to fund a small climate satellite, provided it 
Gore, for what he calls Climsat. Hansen envisioned a pair of could be launched by 1995. But NASA, the Defense Advanced 
relatively inexpensive satellites that between them could moni- Research Projects Agency (DARPA), and the Department of 
tor all the necessary variables and cwld be built, launched, and Energy (DOE) asked that OMB poscpone an open competition, 
operated for 5 years for a total of $350 million. Replacement claiming that, w o r k  jointly, they could deliver a satellite for 
satellites could then be sent up for as little as $40 million each. less money and in less time then the OMB requirements specified. 

The relevant scientific community is firmly behind the Iiansen As Fellows tells it, W e  reluctantly waited, which in hindsight 
proposal or something like it. Atmospheric chemist Jim Ander- was a real mistake. Suddenly it became a little bit of a contest. 
son of Harvard, for instance, says Hansen is "dead on the mark." First NASA brought in its own proposal. This was followed by 
Francis Bretherton of the University of Wisconsin, who headed a bickering back and forth over who would do the mission!' When 
comrmttee that laid out the scientihc mission for EOS, regrets in it came time in September to submit the 1994 budget, he recalls, 
hindsight that his committee didn't place a high priority on a NASA submitted no proposal and the DOE, NASA, and DARPA 
small satellite program simiiar to Hansen's. And Ed Frieman of triad fell apart. They had ma& "absolutely no progress." 
the Scripps Institution of Oceanography, who headed a later EOS Now, says Fellows, it's almost too late. It would be hard to get any 

SCIENCE VOL. 259 12 FEBRUARY 1993 91 3 



BRfNGlNG EOS DOWN TO EARTH 

$17 BILLION $1 7 BILLION 

. --- - --- 
PROGRAM LAUNCH. AN EARLY REVIEW. DOWNSIZINGTHE PROGRAM. BUDGET PRESSUR 
Two large platforms, with new NRC committee suggests one Two intermed~ate platforms plus Program further 
platforms every 5 years. large platform plus small satellites. small satellites. but basic scheme u n c w e d .  

engineering at the University of Michigan, 
"was tying up the whole infrastructure of at- 
mospheric monitoring into a direction that 
didn't give much flexibility." 

The panel didn't just focus on logistics, 
however. It also criticized the EOS philoso- 
phy, saying the perception of EOS as solving 
all questions of global change had "led to dis- 
torted ~riorities." Frieman and his colleaeues " 
recommended that even as the platforms were 
downsized. EOS's scoDe should be broadened. 
They called for expanding the program to 
include "science-driven Drocess studies usine - 
small and intermediate-sized space systems, 
remotely piloted aircraft, in situ and ground- 
based programs." The panel also endorsed 
the notion, popular among global change 
researchers, of a series of small satellites that 
could go up quickly to "fill critical gaps" until 
the EOS platforms were ready to fly (see box). 

NASA responded to the budget cuts and 
the Frieman review-which Dixon Butler 
calls a "sufficiently painful" experience-with 
a March 1992 proposal for flying the EOS 
instruments on two downsized platforms, 
now called EOS-AM and EOS-PM. followed 
by four small satellites, which would carry 
key instruments that didn't fit on AM and 
PM. An EOS payload panel report described 
the new configuration as "a minimum set of 
instruments to pursue the focused objective 
of global climate change." 

NASA scientists say they've responded 
to the "Frieman solution" as requested. But 
members of the Frieman committee disagree. 
As one panel member put it, "They just took 
the old EOS and tried squeezing it down." 
NASA rejected the recommendation for ge- 
neric, small, cheap satellites to be launched 
by 1995, saying that the costs of building 
such satellites would only delay the launch of 

EOS. Panelists also think that NASA hasn't 
followed their recommendation to focus EOS 
on the most urgent scientific questions. 

A case in point, they say, is the order in 
which the platforms are to be launched. Frie- 
man's experts urged that EOS-PM, which is 
aimed at studying global warming, be 
launched before EOS-AM, which is geared 
toward terrestrial ecosvstems. The   an el's 
logic, says Frieman, was that the most press- 
ing issue of global change is global warming. 
Yet under NASA's latest schedule, which 
calls for EOS-AM to go up in 1998 and EOS- 
PM in 2000, studies of global warming could 
easily fall by the wayside if the budget were cut 
further. As Frieman puts it, "You'd get EOS- 
AM up there, and it was not clear when the 
hell you were ever going to get PM up there." 

But the program's complex logistics made 
it unwise to change course, NASA admini- 
strators argued. AM was less technologically 
ambitious and therefore less like to be de- ~ ~ 

layed by technical problems. Equally impor- 
tant, as they explained to the panel and to 
Congress, Japan was providing the single 
most ex~ensive instrument. Thus AM was 
cheaper ihan PM and more likely to meet the 
1998 launch target, a date Congress was now 
insisting on. What's more, explains Peter Back- 
lund, NASA's assistant director of earth sci- 
ence, General Electric was in the process of 
designing the original large platforms, and 
when EOS was downsized the agency de- 
cided "to stay with GE for the first platform, 
EOS-AM, or else we would miss the launch 
date." EOS-PM doesn't yet have a builder. 

Historv re~eats. This vear. Frieman and . . , , 

his fellow panelists watched with a sense of 
d6ji vii as EOS again escaped a thorough 
revamping, in spite of new budgetary pres- 
sure. Last summer, when new NASA admin- 

istrator Daniel Goldin set about slimming his 
programs by 30%, the EOS 8-year budget was 
cut again. Now it is down to $8 billion, a 
number confirmed bv Coneress. As a result 
some EOS instumenti have ieen scaled down 
and others have been deferred or dropped. 
But the same basic satellite package remains. 

Meanwhile, to keep EOS on schedule- 
and on budget-NASA has had to squeeze 
other parts of its earth science program. NASA 
reauested-and received-all of the $440 
miilion requested for EOS and its accoAia- 
nying data information system, a $120 mil- 
lion increase over the 1992 budget. Anything 
less. sav Backlund and other NASA officials. . , 
would delay the program and ultimately re- 
sult in higher costs. Meanwhile, NASA's re- 
search and analysis program, which Watson 
describes as paying for "all the stuff that you 
can't do from space-the life blood of the uni- 
versity scientist," was less fortunate: NASA 
requested $174 million for the program, down 
from $200 million in 1992. It received only 
$159 million when $15 million was extracted 
to pay for the operation of satellites in orbit. 

But none of those maneuverines will head 
off the need for a thorough rekinking of 
Mission to Planet Earth if the budget gets 
much tighter. Even Berrien Moore of the 
University of New Hampshire, who is head 
of the EOS payload panel, agrees that it would 
then be time "seriously to consider radically 
rescoping the mission." As a result, says 
Frieman panel member Warren Washington 
of the National Center for Atmospheric Re- 
search, "NASA is going to be facing major 
decisions in the first year of the new admin- 
istration, and how much money it puts into 
Mission to Planet Earth to carry out monitor- 
ing and research is a real big question." 

-Gary Taubes 
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