
China's Campaign to Predict Quakes . 
A vast, 30-year effort to monitor the earthquakes that regularly shake China has led to unprecedented- 

and controversial-success in predicting them. What's behind this empirical approach? 
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BEIJING--It began, so the story goes, as a West, giving foreign scientists a closer l d  at of their approach. But they defend it as the 
simple request from an old peasant whose life an effort about which many have been h a y  most effective way to save lives and property 
had just been turned upside down by two skeptical. And in December, C h d s  efhrts in a country that has sdfered 10% of all the 
earthquakes that muck %ngtai in northern will attract more international amt ion  when magnitude 7 or greater earthquakes recorded 
C h i ' s  Hebei Province inMarch I%, kill- Beijing hosts a United Nations workshq on amund the world in the past century. "We 
ing 8064 people. They were the first major earthquake management to improve ties be- cannot afford to continue to sustain the 
catastrophic quakes in the 17-year history tween scientists and public administrators in losses and social instabilityfromearthquakes," 
of the Peaple's Republic, and the country's the developing world (see box). says Ge ZhIzhou, the SSB's deputy director. 
leaders were very concerned. "We are grate- From what they have seen so far, kw  
ful for what* govemment hasdone to help Watem researchers expect China's program A mania for monmng 
tide us over the disaster," the peasant is said to yield ready-to-use prediction methods. The Chinese approach relies on-the prin- 
to have told Premier Zhou Enlai, who had But it is becoming clear that the vast amount ciple that, in Ge's words, "empirical predic- 
been dispatched io direct the relief work and of data on past quakes might yield some tion can work where physical interpreta- 
express sympathy to the victims. uBut next provocative clues about quake precursors. tion fails." The successful 1975 prediction, 
time, a u l d  the govetnment give us a warn- 'They've had more success than any- for example, was based on foreshocks and 

I 
ing?" His plea also had political overtones: body else," says seismologist Paul Silver a large cluster of geochemical, 
Many Chinese regard e a d q d e a  1 hydrological, and other anom- 
as a portent of civil unr\at and alies. Its accuracy stunned the 
look to the govemiment for reas- seismological woild and gener- 
surance that the political .saw- ated a short-lived bandwagon 
ture has remained intacz. for prediction, although some sci- 

entists believe the extensive fore- 
shwks greatly outweighed the 

earth scientists and 4 value of any other precursors. 
to help a v a  such diswers In . Since then the SSB has claimed 
1971 the State Seismd@d Bit- success in predicting a dozen or 
reau (SSB) was created ta ovesseei more earth@uakes and saving hun- 
an already burgeoning w i o d  8 dreds of thousands of lives. 
program. And in less than 5 yeslg Last year, for example, scien- 
the SSB had delivered on &%t $ tists used various precursors, in- 
peasant's request with the first cluding foreshocks and varia- 
successful short-term predictidn tions in water levels and tem- 
in history: A warning issued 13 w, perature, to warn local authori- 
hours before a magnitude 7.3 quake ties 1 day before a major earth- 
struck Haicheng in Liaoning Pm- quake struck south- Yun- 
vince, in northeastern China, on 4 nsn Province. In particular, says 
4 February 1975. g Chen Lide, director of the Fore- 

Thus was born China's earth- In- sciutkry. Regrn * a higher - ,,MW of suffering cast Center for the Yunnan Seis- 
quake Prediction Program, a r e -  severe damage in the next 50 ysars are targeted for extra nmWng. mological Bureau, scientists re- 
ably the most effective in the lied on an analysis of 39 regional 
world despite an elusive and very modest * of the Carnegie Institution of Washington in quakes of magnitude 6 or greater over 42 

I 
definition of success. It has grown into a na- Washington, D.C., who has recently argued years, as well as extrapolating from a series 
tional network of %63 earthquake and pre- for the value of such measurements (Science, of eight quakes of lesser magnitude that had 
cursor observatories, six regional and 15 lo- 5 July, p. 77). '1 think that we in the West occurred in thepast8 months. "If the inter- 
cal telemetry stations, 10 digital earthquake- certainly have a lot to learn from them." val between medium-force quakes is shorter 
monitoring stations, and 257 separate strong- At the same time, Silver and other West- than 47 days and more than five such 
earthquake observatories. Some 10,000 re- em scientists point to asefous flaw in China's quakes occur consecutively," says Chen, 
searchers and engineers are involved with the activities. UTtkeir methods are strictly empiri- "another one with magnitude above 7 is 

I 
network, which is fed by many times that cal," says Silver. They  don't tmdemmd the likely to strike within 6 months." C id  au- . 
number ofobservers throughout the country. underlying physics or geology." 0th West- thorities say the human toll from the mag- 
This year  chi^ will spend $45 million on em seismologists, who requested anonymity nitude 7.3 quake that hit Menglian on 12 
the program, a substantial investment for a to avoid offending potential collaborators, July-11 deaths in a city of 600- 
country in which a few thousand dollars rep- talk disapprovingly of high false-alarm rates would have been much higher without ad- 
resents a sizable research grant. and the difficulty of verifying details of any vance knowledge of the quake. 

After decades of secrecy, the Chiiese have particular prediction. These local warnings are the final step in 
recently begun opening up this program to the SSB officials acknowledge the limitations a process that begins each fall, when the SSB . 
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The Lessons of Qinglong County 
W h e n  the earthquake hit, Qiiglong 5 effort that U.N. officials project coul 
County was ready. Days before a mag- 3 extend for 20 years and cost a total c 
nitude 7.8 quake leveled the neighbor- g $100 million. 
ing big city of Tangshan in northeast- "When they tell you a hurricane 1 

em China, county officials had decided 5 coming, you prepare. But earthquake 
to act on anomalous data collected by are different-they are the disaster w 
the State Seismological Bureau (SSB) have the most trouble managing," sat 
that pointed to a major earthquake in Jeanne-Marie Col, who runs the U.h 
the region during the latter half of July Global Programme for the Integratio~ 
1976. They set up a 24-hour command of Public Administration and the Sci 
post, beefed up monitoring, mength- ence of Disasters. "So when I found 01. 
ened safety measures at schmk and other w n  w * n .  ~ i m l o n ~  county held what they were doing in China, I realize 
public places, and fkdd the amimunity dass outsi i  in the days preceding the quake. they could be predictable." 
with information about what to do be- Although preparation is the key t 
fore, during, and after an earthquake. Many villages ordered resi- successful hazard mitigation, it was a chance meeting at U.h 
dents out of their homes and into makeshift sheds or fields. headquarters between Col and geophysicist Jean Chu tha 

The initiative-no official prediction was issued-paid off launched the U.N. program. Col and consultant Louise Comfo~ 
handsomely when the earthquake struck at 342 a.m. on 28 July. of the University of Pittsburgh were plotting a follow-up to a 199 
Only one person from Qinglong County &ed from the quake, meeting in Jakarta, Indonesia, on disaster management, Col re 
while more than 240,000 people were killed inTangshan and the calls, when "one day Jean Chu showed up and fulfilled m 
surrounding area. Its population of 470,000 survived unscathed dreams." Chu, who now works in Beijing as both a researcher fc 
despite the collapse of 7000 buildings and damage to 180,000 the Institute of Geology of the Chinese Academy of Sciences an 
more structures. It was a "fortunate leak and misuse . . . of inside a U.N. consultant, had come to New York with the idea of raisin 
information," says Ge Zhizhou, the SSB's deputy director. public awareness of natural disasters as part of the Intemationz 

The actions of these local officials, which have only recently Decade for Natural Disaster Reduction. It was an ideal match: ' 
become known to Westem authorities, have galvanized a new was looking for a forum," says Chu. "I had an idea that I wanted t 
United Nations program to mitigate the destruction caused by connect to a specific project," says Col. 
natural disasters in the developing world. The goal is to give local The U.N. program hopes to foster local and national monl 
officials greater access to whatever scientific information exists toring efforts in such earthquake-prone regions as Turkey, Indc 
about potential earthquakes in their countries, as well as to nesia, and the Philippines, as well as sharing what China ha 
strengthen their ability to act on such warnings to save lives and learned about emergency preparation and management. T'h 
property. In December, representatives from a dozen or so coun- hope is that, armed with such information, public official 
tries will meet in Beijing to discuss a range of joint activities. An around the world will behave as prudently as did those i 
anonvmous donor has nrovidecl $ 1  50.000 in seed monev fnr an O i n ~ l o n ~  Countv. -1.D.M 

summons the nation's leadine seismoloeists - - 
to Beijing and asks them to draw up a map of 
the areas of highest quake risk. Typically, 
about half of the areas each year are hold- 
overs from previous lists. The meeting is the 
most important annual event in the coun- 
try's seismological circles, and its conclu- 
sions. based on monitoring the most active - 
faults in the country for seismic and other 
variables. are re~orted directlv to the State 
Council, the highest body in the govem- 
ment. The areas on the list also warrant in- 
creased attention from scientists. 

This year's map marked 12 areas believed 
most likely to suffer destructive earthquakes. 
Of the three serious quakes so far this year, 
two occurred within the designated regions- 
a magnitude 7 earthquake in Yunnan Prov- 
ince in February and a magnitude 6.9 quake 
in the northwest Xinjiang Uygur autono- 
mous region-and within the time span-sev- 
era1 days to several months-specified by 
the forecast. 

The information is presented to regional 
and provincial officials, says Zhang Guomin, 

deputy director of the SSB's Center for 
Analysis and Prediction, but not made pub- 
lic, to "avoid unnecessary panic." A predic- 
tion of an impending quake is broadcast 
only to residents of the areas expected to be 
affected. The SSB claims an accuracy rate 
of 25% for these medium- tc -I.--* ----- 
forecasts, a figure that can- 
not be independently veri- 
fied because the details are 
not disclosed. ! 

pact of the disaster." 
Toward that end, in 1994 the State Coun- 

cil launched a 10-year program requiring all 
new construction in medium-sized and large 
cities to be able to resist earthquakes of at 
least magnitude 6. The building effort co- 

Over the years, China's 
earthquake program has pro- 
gressed from a giddy belief 
that prediction was immi- 
nent through a sobering re- 
assessment of the importance , 

I of engineering. In its current 
phase, says Zhang Shaoquan, 
a research fellow with the 
SSB's Geophysics Institute, 
the goal is to combine the 
"two principles of prevent- 
ing and resisting earthquakes, No warning. The 1976 Tangshan quake killed 240,000 despite 
and [thus] to reduce the im- extensive monitoring of the region. 
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closely 21 areas and 13 major cities, and a raft 
of laws and regulations on emergency pre- 
paredness for China's 27 provinces. 

Touah calls - 
Generating a torrent of information about 
high-risk areas doesn't guarantee success, 
however; data can also b i  disregarded. The 
program's biggest failure, Chinese officials 
acknowledge, was the lack of a short-term 
prediction for a magnitude 7.8 earthquake 
that struck Tangshan, 150 kilometers east 
of Beijing, in the predawn of 28 July 1976. 
Some 240,000 people in the industrial city 
of 1 million were killed, and the damage 
amounted to more than a half-billion dollars. 

Indeed, some scientists worry that an over- 
emphasis on prediction may give citizens the 
false impression that the government is ca- 
pable of issuing real-time predictions for all 
earthquakes. "It is misleading and danger- 
ous," says geophysicist ChenYong, a member 
of the Chinese Academy of Sciences. "In 
fact, China's quake predictions still remain 
at the empirical stage," he says. Officials say 
the empirical approach is most effective when 
applied to quakes with foreshocks and many 
precursors, a small subset of all quakes. The 
Haicheng and Menglian quakes fit that de- 
scription nicely. 

Chen, who spent 15 years as the SSB's 
deputy director-general, is now chair of the 
prediction commission of the International 
Association of Seismology and Physics of Earth 
Interior. He has shifted his research from 
prediction to what he describes as a "more 
basic" study of risk assessment, but decries 
the low level-less than 10%--of the pro- 
gram's budget that goes for basic research. 

Even Chinese officials say that success 
should not be overstated. "The three risk 
areas [on the current list where earthquakes 
have occurred this year] have been circled 
almost annually," says geophysicist Sun 
Shihong, who drafts the SSB's policies and 
regulations. "It is more due to chance and 
windfall than accuracy by scientific defini- 
tion." Under a strict definition of predic- 
tion, notes geophysicist Zhang Shaoquan, 
"we have only been able to forecast a tiny 
number of quakes." 

The SSB would like to improve that record. 
Ge Zhizhou says that Chinese earth scien- 
tists hope to "make some remarkable progress 
in improving the record of prediction accu- 
racy" by the turn of the century, although he 
concedes that significant progress will be 
very difficult to achieve. Notes Sun, "We 
cannot expect to understand the earthquake 
mechanism in so short a time." 

Western scientists who have recently 
seen some of the data amassed by the Chi- 
nese for the first time share these reserva- 
tions. But they believe the information 
could point to some interesting lines of re- 

search. This summer, for example, a joint 
team of Chinese and U.S. researchers pub- 
lished an analysis of resistivity signals-a 
measure of current flow that correlates with 
the amount of cracks and fluid in the Earth's 
crust-from the Tangshan region in the 2 
to 3 years preceding the 1976 quake that 
point to several possible precursors (lour- 
nal of Geophysical Research, 10 June, p. 
13869). "These are interesting phenomena 
that suggest things we could measure," says 
co-author and seismologist Leonardo Seeber 

also illustrates an interesting cultural differ- - 
ence in the way science is pursued. "The 
Chinese are more comfortable than Western 
scientists with conflicting and contradictory 
evidence," says Louise Comfort, a specialist 
in seismic policy at the University of Pitts- 
burgh who drafted the proposal for the new 
U.N. program. "When they face this prob- 
lem, they just broaden the scope of their in- 
auiw and collect more data." 

L > 

And collecting more data is exactly what 
the Chinese will continue to do. "We'll trv to " 

of Columbia University's Lamont-Doherty make accurate predictions while going on 
Earth Observatorv. about a findine of lower with our research, and we'll learn from both , . - 
resistivity and a descending water table in 
the period before the quake. "The next step 
is to understand the process and see if it can 
be generalized." 

Apart from the value of the data sets, the 
authors see the collaboration as a step toward 
improved relations. "This is the first time we've 
been able to get our hands on the actual data," 
says co-author and geophysicist Chris Marone 
of the Massachusetts Institute of Technology. 
Adds Seeber, "The Chinese have proposed 
these results before, but the community had 

successes and failures," says Ge of the SSB. 
Even geophysicist Chen believes that the 
government's overenthusiasm for predictions 
is outweighed by the importance of the chal- 
lenge and China's success to date. "If we had 
not been able to predict a certain type of 
quake," he says, "we would have given up the 
prediction effort altogether. But now we are 
right in the middle, and we are left with no 
alternative but to go ahead." 

-Li Hui, with additional reporting by 
Jeffrey Mervis 

looked at them with skepticism." 
To some Western scientists, the program Li Hui is a reporter for China Features in Beijing. 

Senate Backs NASA Science Programs 
NASA scored three victories last against the amendment. 
week when the Senate preserved a Congressional staffers and NASA 
controversial life sciences program officials say they expect the Senate 
involving orbiting monkeys, rejected to prevail when the two chambers 
a move to cancel the space station, meet in conference to work out a final 
and protected a major earth sciences pro- bill. Negotiations will also be necessary to 
gram. But controversies over social programs resolve disagreements on the agency's Mission 
in the appropriations bill that funds NASA to Planet Earth program. The House wants to 
could make it hard for Congress and Presi- chop $200 million from the $1.3 billion pro- 
dent Bill Clinton to reach agreement before gram. The Senate approved the full amount, 
the new fiscal year begins on 1 October. but voted to cut $100 million out of a larger 

Senators s~arred bitterlv over the Bion account that includes the multisatellite re- 
L , 

program, a joint U.S.-Russian effort that will search and monitoring system, the first launch 
t lace monkevs into orbit this fall and again of which is slated for 1998. 
In 1998 to stddy the effects of weightlessiess The fate of the once-controversial space 
(Science, 12 July, p. 175). The focus of the 3- station, however, will not be up for grabs in 
hour debate was not whether the animals in conference. The Senate defeated, by a vote 
the Droeram are mistreated, as some animal- of 60 to 37. an amendment to kill the Dro- . " 
rights activists allege, but whether the science gram and then approved the same $2.1abil- 
is valid and the money well spent. lion already passed by the House. But House 

In the end, the Senate defeated an amend- and Senate conferees are expected to allow a 
ment, identical to one already approved by shift of more than $170 million in station 
the House, that would have halted funding science funding to construction to make up for 
for the project and transferred $16 million severe shortfalls (Science, 9 August, p. 730). 
remainine in the $33 million Dropram to These differences are minor com~ared to 
other N ~ S A  efforts. The prov;sio; would the fierce debate over other elemen& in the 
not have s t o ~ ~ e d  this fall's launch from Ka- bill. notablv the  resident's AmeriCorus ser- 

L L f .  
zakhstan, but it would have jeopardized the vice program, which the House has voted to 
1998 mission. The House measure had caught kill. Lack of agreement on that issue could 
the biomedical community off guard, but re- delay NASA's 1997 budget and that of the 
searchers waged a heavy lobbying campaign National Science Foundation. 
that contributed to a 54 to 42 Senate vote -Andrew Lawler 
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