
Perestroika Comes to 
Earthquake Forecasts 

Keilis-Borok attributes the method's ac- 
complishments to its ability to recognize 
changes in the character of seismic activity 
that are harbingers of large quakes. Most of 
these changes have long been proposed for 
one quake or another, but a learning process 
went on for more than 15 years as the algo- But is the novel Soviet techn designed, tuned, and redesigned to 

Prieta quake useful or just 1 search for possible precursors such as 
heightened seismic activity, unusual quies- 
cence, changes in the size of small quakes, 

EARTHQUAKES ARE NOT THE USUAL STUFF 

of superpower summitry, but in Geneva i 
1985 President Mikhail Gorbachev had so An early version looked at 12 traits 
geophysical news for his newfound Arneri mic record each characterized by 6 
friend, Ronald Reagan: Using a newly devel- 
oped technique, Soviet scientists were pre- 
dicting that a massive quake would probably 
strike Southern California sometime in the 
next 3 years. The White House took 
Gorbachev's warning seriously. Within a few 
days U.S. geophysicists were huddling to see 
what they could make of the prediction. In 
the end, these experts took a wait-and lar region searched for pre- 
attitude. They waited, but the predicted cursor patterns, and the magni- 
quake failed to materialize. tude of the predicted quake is pro- 

Five years later, however, Soviet scientists portional to the area searched. The 
are again prodding their U.S. colleagues to duration of the warning is usually 
consider seriously their prediction method- 5 years. Recently, the Soviet group 
and in the intervening years they've rung up and Stuart Smith of the University 
some successes. They claim to h of Washington have developed a 
the destructive Loma Prieta e method they believe can localize a 
1989, another large one in Armenia in 1988, warning to an area between 7% 
and five others around the world. and 25% of the TIP area. 

Still, for most U.S. researchers, it seems So if the technique is that pow- 
too good to be true. "I'm skeptical," says ef i l ,  why aren't American scien- 
John Filson, who until last year was head of tists flocking to adopt it? Part of 
the U.S. Geological Survey's (USGS) earth- the reason is that they don't en- 
quake office in Reston, Viiginia. "I just don't tirely understand it. John Healy of 
know how robust [the Soviet method] is for 
predicting into the future." 

The method's tentative reception in the 
United States may be due in part to its 
unfamiliar approach. Unlike American seis- 
mologists, who focus primarily on short 
segments of specific faults, the Soviet method 
looks at the pattern of seismic activity over a 
broad area, at least 165,000 square kilome- 
ters. The American approach has yielded in- 
termediate-term forecasts-within a few years 
to a decade-for the major California faults, 
but most are rather vague. The U.S. estimate 
for the Loma Prieta fault segment was a 30% 
chance of a large earthquake in the next 30 
years and for the Bay Area it was a better than 
50-50 chance in the same 30-year period. 
The Soviets couldn't be as specific about the 
site for the next large California quake, but 
their method claims a success rate of 70% to 
80% and narrows the time window fiom 30 
years to 5 years. 

The leader of the Soviet effort is academi- 
cian Voldya Keilis-Borok, director of the 
Institute of Earthquake Prediction Theory 

11 \ \ I the USGS in Menlo Park is the 

Three hits in California. Three times a computer has dissected 
algorithm developed by Soviet researchers has the latest version of the alga- 
predicted California earthquakes. Twice, the rithmdubbedM8-andrecoded 
successes were tests done in hindsight, but Lama it to run on a U.S. computer. It 
Prieta was in advance. took him a year of close coopera- 

tion with the Soviets to get-that 
early version of such an algorithm produced 
their failed Geneva summit prediction, but a 
revised algorithm saw a good chance of 
something big hitting northern California by 
1990. Loma Prieta struck in October 1989. 

"This is the most promising method we 
have in this intermediate time scale," says 
Leon Knopoff of the University of California, 
Los Angeles, the recent recipient ofthe Medal 
of the Seismological Society of America. And 
Knopoff isn't the only prominent American 
sympathetic to Keilis-Borok's work. Such 
luminaries as Clarence Allen of Caltech, a 
past chairman of the National Earthquake 
Prediction Evaluation Council, and Frank 
Press, president of the National Academy of 
Sciences, have coauthored papers with the 

far, and even he isn't entirely sure how it 
works. 

"I don't understand the reasons for" the 
particular rules that determine a TIP, Healy 
says. "Many choices are quite arbitrary, and I 
think they may change from time to time. I 
think [the Soviets] worked on a lot of data 
over the years and just adjusted things until 
they worked." Such data fitting is fine by 
Americans; that is how an algorithm is refined 
to do a better job of explaining the data. It's 
just that many Americans aren't sure yet 
where the data fitting stops and prediction 
begins. 

Another complaint among seismologists in 
the United States is that the algorithm may 
have been adjusted to work well on past large 

Soviet team. I quakes that it was trained on, but, despite the 
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claims of  success, it may not work o n  future 
ear thquakes.  T h e  Keilis-Borok g r o u p  
counters that the method has been tested as 
rigorously as it can be. After being trained o n  
a given set of earthquakes, an algorithm was 
tested t o  see how well it could d o  in the same 
geographic area but at a different time or  in 
an entirely different area. According t o  Keilis- 
Borok's estimation and published results, 70% 
to 80% of  the TIPS produced in these 

nous paper on  TIPS for the council, found 
that "there is still too much black magic for 
comfort in the descriptions of  MS." 

Stanford's Matthews has been trying t o  
sort out  the science from the magic in the M 8  
algorithm. For one thing, he wondered which 
moderate earthquakes actually led t o  the 
Loma Prieta warning. H e  found that without 
the magnitude 3 earthquakes in a spot 225 
kilonicters north of  the Loma Prieta cpicen- 

ter, a TIP  warning would not have been 
issued for the area. Such a large separation 
between precursor and eventual rupture 
would be enough t o  dismay many U.S. re- 
searchers (see box), but Matthews found a 
bigger problem-the crucial precursor earth- 
quakes were in all likelihood manmade. They 
fall squarely in the Geysers geothermal area, 
where virtually all quakes large enough t o  
have an impact on  the algorithm's predic- 

hindcasting tests are succ~ssful. About 20% t o  I I 
30% of the time a T I P  is a false alarm, and 
there is no earthquake. Between 15% and I Earthauake Mind Set Shaken? 
20% of  the time TIPS miss large earthquakes 1 
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that actually occur. 
Knopoff has called such hindcasting results 

"phenomenal," but many U.S. researchers 
remain unimpressed. Statistician Mark 
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colleague, seismologist Allan Lindh, com- 
plains that questions to Keilis-Borok and his 
associates about specifics of the algorithm too 
often elicit "smoke and mirrors. But they're 
extremely nice people, they're your guests, so 
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tions are produced by the withdrawal of steam 
for electric power production and the injec- 
tion of steam condensate back into the 
ground. 

If the Geysers quakes are manmade, notes 
David Oppenheimer of the USGS in Menlo 
Park, they should not be connected with a 
TIP. They could not be induced by the 
buildup of strain at Loma Prieta, but con- 
versely, given conventional views of how the 
crust behaves, it is unreasonable to suggest 
they helped trigger the distant earthquake. 

Matthews' discovery is not a fatal flaw in 
MS: Two overlapping TIP regions both 
predicted the Loma Prieta earthquake. But 
it's the kind ofproblem most skeptics feel the 
Soviets haven't done a very good job of 
explaining. 

Both American and Soviet researchers 
agree that to prove the usefi~lness of the 
prediction method, it will have to forecast 
more earthquakes successfi~lly. Healy, in co- 
operation with Keilis-Borok and his group, is 
setting up a version of MS at Menlo Park that 

will never be altered as it cranks out forecasts 
of earthquakes around the Pacific rim. Then 
it will be a question of time, probably 5 to 10 
years, until matters of style become irrelevant 
and unassailable results decide whether a 
broad view of earthquakes really works. 

RICHARD A. KERR 
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Radioastronomers Seek a Clear Line to the Stars 
The chatter of voices and data beamed to Earth from communi- 
cations and surveillance satellites is beginning to drown out 
whispers from the cosmos, radioastronomers say. Navigational 
satellites such as the United States' Navstar and the Soviets' 
Glonass-as well as radio broadcasts, airplane telephones, and 
even taxi dispatches-have been interfering with radio signals 
from distant galaxies. And radioastronomers expect the problem 
to get worse. The chief reason: since the mid 1980s it has become 
easier and cheaper to make equipment that transmits radio waves 
at frequencies of interest to astronomers. 

There are, however, two recent indications that the astrono- 
mers' concerns are being heard. Scientists struggling to protect 
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to give Motorola primary user status, entitling it to exclusive use 
of this frequency band, while radioastronomy would be relegated 
to secondary status. However, a footnote in the International 
Telecommunications Union regulations states that primary users 
should try to "take all practicable steps to protect the radioas- 
trollonly service from harmful interference." 

Similar problems arose recently with transmitters belonging to 
the U.S. Customs Service. Since the mid 1980s, Customs has 
installed six "aerostat" surveillance balloons around the southern 
perimeter of the continental United States to watch for small 
planes that may be smuggling drugs across the border. The 
aerostats, tethered heliurn-filled blimps that hover about 10,000 

work in remote areas untouched by ex- -RICHARD T H O ~ ~ S O N  Thompson said, and "these spectra have 
isting cellular phone networks. Lawrence been enormously important for mapping 

threatened radio space have persuaded at feet in the air, transmit radio waves in the 
least two encroaching organizations, the 1215 to 1350 MHz range. 
U.S. Customs Service and Motorola I t  is in this range, however, that 
Communications Inc., to back off. ' ? Y e 9 m ~ t  trying to radioastronomers detect atomic hydro- 

Motorola could have created a major gen spectra emitted by distant galaxies 
new headache in 1994 with its planned pmsene ~ s e f i l  whose radio waves are greatly red-shifted. 
launch of Iridium, a communications freguemieS for as long Some of the farthest galaxies from the 
network of 77 satellites that will connect 

99 Milky Way are detected by atomic hydro- 
people with cellular phones who live or as we Can. gen spectra in the low 1300s MHz, 

Moore, a public affairs officer with 
Motorola's Government Electronics Group, said the company is 
seeking approval from the Federal Communications Commission 
to operate the Iridium network at frequencies ranging from 1610 
to 1626.5 megahertz. Unchecked broadcasts in this range, as- 
tronomers say, would interfere with the radio waves emitted by 
hydroxyl radicals-electrically charged molecules that signal the 
presence of hydrogen and oxygen, and, potentially, developmen- 
tal shifts in the for~nation of stars. Astronomers detect the spectral 
lines of hydroxyl radicals in four bandwidths, one of which falls 
between 1610.6 and 1613.8 MHz. 

After learning of astronomers' concerns, however, Motorola is 
modifying its satellite. Company scientists, Moore said, aim to 
program the Iridium system to switch bandwidths ~vhenever the 
satellites come within range of a sensitive radioastronomy an- 
tenna. 

"Legally they don't have to do this, but morally they probably 
feel like they should," said A. Richard Thompson, a 
radioastronomer at the National Radio Astronomy Observatory 
(NRAO) in Charlottesville, Virginia. Thompson and Tomas E. 
Gergely of the National Science Foundation negotiated with 
Motorola to preserve researchers' access to stellar radio waves. 
The astronomers had no legal leverage because the FCC is poised 

out the structure of galaxies." 
Recently, radioastronomers were concerned that interference 

from the SOWRBALL aerostat, located above Fort Huachuca, 
Arizona, might interfere with their observations at IGtt Peak. 
However, they discussed the problem with Customs officials 
before SOWRBALL was deployed and agreed that whenever its 
swivelling radar pointed toward the telescope, the signal would be 
cut off, unless the radar was tracking a plane. On the other hand, 
according to NRAO scientist Pat Crane, an aerostat above Marfa, 
Texas is close enough to a research antenna in Fort Davis that the 
radioastronomers there must use a special filter to "clean up" the 
signal they get from space. 

Despite these compromises, Thompson foresees a fi~ture in 
which an increasing demand for the radio waves erodes the ability 
of radioastronomers to collect data. Said Thompson, "We're just 
trying to preserve usehl frequencies for as long as we can." Over 
the long term, astronomers fear their prospects for halting the 
spread of commercial transmissions are about good as IGng 
Canute's in the 1 l t h  century, when he set his throne on the beach 
and commanded the tide to withdraw. w RICHARD STONE 

Richard Stone is in  the science writing program at the 
University of  California, Santa Cruz. 




