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Earthquakes: An Evacuation in China, a Warning in California 

Liaoning Province in the People's Re- 

public of China might seem to have little 
in common with Los Angeles County, 
California. But just now they are linked 
in the minds of the U.S. earthquake re- 
search community in ways that are both 
encouraging and possibly ominous. 

Liaoning last year suffered a major 
earthquake of magnitude 7.3 that totally 
destroyed the town of Haicheng and 

damaged industrial plants; very few 
people were killed, although more than 1 
million live near the epicenter, because 
the earthquake was predicted and the 

population evacuated-the first known 
instance of a major quake successfully 
predicted and disaster prevented or miti- 

gated on such a scale. In the Los Angeles 
area, investigators with the U.S. Geologi- 
cal Survey have recently reported a re- 

gion of crustal uplift extending 150 km 

along a section of the San Andreas fault 
that has remained quiet for 40 years 
and that last broke in the great 1857 

earthquake. Last week, James Whitcomb 
of the California Institute of Technology 
reported seismic anomalies from the 
western portion of the uplift area that 
he believes indicate an earthquake of 

magnitude 5.5 to 6.5 within the next 12 
months. Whether the seismic and uplift 
phenomena in California are associated 
is still an open question. But the pros- 
pect that still-developing theories of 

earthquake prediction might face a major 
test sometime soon has not lessened in- 
terest in the Chinese experience. 

That experience has implications not 

only for the physics of earthquake predic- 
tion but also for the likelihood that major 
earthquakes in this country will in fact be 

predicted and for the host of problems that 
arise once a prediction has been made 

(see accompanying article, page 535). In- 

deed, as American Geophysical Union 
President Frank Press rather pointedly 
outlined in an address at the April meet- 

ing of that organization, Chinese seismol- 
ogists appear to have enjoyed the active 
backing of their government on a scale 
not evident in this country. A report on 
the Liaoning quake prediction released 

by the Chinese in February, although 
larded with Marxist phraseology and ref- 
erences to Chairman Mao, makes clear 
that a major effort involving geological 
fieldwork, geodetic, gravity, and geo- 
magnetic studies, observation of crustal 
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deformation, and installation of tempo- 
rary networks of seismic instruments 
had been under way in the province 
since 1970. By 1974, the Chinese seismol- 
ogists had convinced themselves that a 
strong earthquake was likely within the 
next 2 years on the basis of increasing 
seismicity and an increasing rate of crus- 
tal deformation. Thousands of amateur 
observers, trained and assisted by the 
professional scientists, greatly expanded 
the network of seismological stations. 
Both the national and the provincial gov- 
ernment took an active role in assisting 
the data gathering, in a disaster pre- 
paredness effort, and in a campaign of 

public education. 
In November 1974, the rate of crustal 

deformation was found to be accelerat- 
ing and the ground along one of the 

principal faults of the region was ob- 
served to be tilting rapidly--rising along 
one side of the fault, falling on the other. 
In December, agricultural communes re- 

ported unusual behavior among their ani- 
mals and bubbling and level changes in 
their water wells. The radon content of 

groundwater increased. These phenome- 
na continued to increase during January 
1975, as provincial officials intensified 
disaster preparations, including in- 

specting all reservoirs, mine shafts, and 
industrial plants and strengthening un- 
safe buildings. 

Around the beginning of February 
things came to a head. A series of small 

earthquakes, whose seismic character- 
istics indicated that they might be fore- 
shocks, began to occur in a previously 
aseismic region. Other precursory sig- 
nals, such as a change in direction of 
tilt of the surface, were observed. Level 

changes were observed in 70 percent 
of the wells being monitored, and 22 
became artesian, spouting water from 
the ground. Cows, horses, dogs, pigs, 
and even snakes continued to show 

very unusual behavior-many of the 
snakes were reported to have come 
above ground in subzero weather and 
to have frozen to death. Which of these 

phenomena in fact precipitated a deci- 
sion is still unclear to U.S. geophysi- 
cists, but mass evacuation from buildings 
into tent cities and other open-air shel- 
ters was ordered. Vehicles were removed 
from garages and grouped in special 
areas, and emergency squads were mo- 

bilized. And in the early evening of 4 
February, a few hours after the final 
evacuation order was given, the quake 
occurred. 

When a delegation visits that country 
later this spring, American geophysicists 
hope to learn more about the Chinese 
prediction and also about a false alarm 
reportedly called in late 1974. But there 
is little question that the Chinese did 
predict the quake and did save tens of 
thousands of lives. Press describes it as 
"one of the major events in the history of 
geophysics." 

By contrast, the lack of data in south- 
ern California is disturbing to many 
geophysicists. The region of uplift along 
the San Andreas fault is not well covered 
with instruments. Even the extent of the 
uplifted area is somewhat uncertain. 
Robert Castle of the Geological Survey 
and his co-workers, who discovered the 
anomaly in examining past geodetic rec- 
ords, do not have enough data to define 
the bounds well to the southeast, so that 
it is possible that it covers an even larger 
area than the 12,000 km2 originally re- 
ported. The uplift apparently began 15 
years ago and has reached 0.25 m, which 
the investigators describe as unusually 
large. What is particularly unusual is the 
speed at which the uplift seems to have 
occurred-about 0.2 m at Palmdale be- 
tween 1961 and 1962, near the center of 
the bulge-as if the ground suddenly 
popped. Geophysicists attempting to 
model the dynamics of the uplift point 
out that a similar process may account 
for the formation of the Transverse Rang- 
es, the mountains that border the Los 
Angeles basin to the north, over the past 
few million years. The seismic con- 

sequences of whatever the uplifting pro- 
cess turns out to be are extremely uncer- 
tain at this point, but, as one seismologist 
put it, "they are unlikely to be nil." How- 
ever, the speed of the uplift would ap- 
pear to be inconsistent with the more 

gradual swelling process of dilatancy 
often postulated to precede earth- 

quakes. 
Whitcomb's data concern a recent phe- 

nomenon in the uplifted area. His seis- 
mic studies show a reduced velocity in 
both naturally occurring seismic waves 
and those from quarry explosions for 
most of 1974 and 1975, an anomaly that 
he interprets as a likely earthquake pre- 
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cursor on the basis of similar effects 
prior to other quakes, especially the 1971 
San Fernando earthquake in the same 
region. He filters out the effects of small 
earthquakes and averages the otherwise 
noisy data over a large region to see the 
effect. The velocities returned to normal 
near the end of 1975. His hypothesis is 
based on the dilatancy model (see Sci- 
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ence, 7 February 1975, p. 419) and is simi- 
lar to that held by many seismologists. It 
is that the magnitude of an ensuing quake 
will be proportional to both the duration 
of the anomaly and the size of the area in 
which it is observed. Since his data do 
not adequately limit the size of the anom- 
alous region to the north or the south- 
east, the magnitude of the quake he pre- 
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east, the magnitude of the quake he pre- 

dicts could be still larger than the esti- 
mated 5.5 to 6.5. 

More geodetic data will be obtained 
and Whitcomb's data closely scrutinized 
in coming months. The question is what 
other phenomena, if any, are present. 
As Press points out, not a single water 
well in California is being monitored for 
changes of level.-ALLEN L. HAMMOND 
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One of the more severe problems en- 
countered by individuals who have had 
diabetes for a long time is degradation of 
vision resulting from diabetic reti- 
nopathy. This problem, which was rare 
30 years ago, is becoming progressively 
more common as improved therapies for 
diabetes prolong the lives of diabetics. 
New results from several studies, how- 
ever, suggest not only that it may be 
possible to retard the progression of visu- 
al impairment with currently available 
therapies, but also that it might be pos- 
sible to prevent-or at least delay the 
onset of-the condition through rigorous 
control of diabetes. 

Retinopathy is a widespread problem. 
It is observed in about half of those 
individuals who have had diabetes for 10 
years, three-fourths of those who have 
had it for 15 years, and more than 95 
percent of those who have had it for 25 
years. Although not all those who have 
diabetic retinopathy suffer visual impair- 
ment, the disease is the leading cause of 
new cases of blindness in the United 
States among persons between the ages 
of 20 and 65. Some 48,000 individuals in 
this country are legally blind as the result 
of it. 

Retinopathy results from the diabetes- 
induced deterioration of tiny blood ves- 
sels in the eye. Similar deterioration of 
blood vessels occurs throughout the 
body and causes disorders of the kidney 
and other organs. The cause of this dete- 
rioration is unknown. In the eye, small 
vessels become leaky and occluded and, 
occasionally, new vessels form on the 
retina. In the more severe form of the 
disease, known as proliferative retinop- 
athy, new blood vessels grow on the 
surface of the retina and protrude into 
the vitreous, the normally clear, jel- 
lylike fluid in the center of the eye. Even- 
tually, these vessels rupture and hemor- 
rhage into the vitreous. And finally, fi- 
brous scar tissue forms in association 
with the new vessels. This tissue may 
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pull on the retina and detach it from the 
back of the eye. Proliferative retinopathy 
occurs in only about 3 to 4 percent of dia- 
betics, but even so this comes to about 
300,000 people in the United States who 
are susceptible to blindness from it. 

Diabetic retinopathy is difficult to 
study in the laboratory because there are 
very few animal models for it, and these 
are not entirely satisfactory. One model 
of proliferative retinopathy similar to 
that caused by diabetes has been devel- 
oped by Arnall Patz and Chung-Ho Chen 
of the Johns Hopkins School of Medi- 
cine. They observed that growth of 
blood vessels (vascularization) in the reti- 
na occurs naturally in puppies during 
their first 4 weeks after birth. If the pup- 
pies are exposed to an atmosphere of 85 
percent oxygen for a 4-day period during 
this time, the peripheral vessels in the 
eye are destroyed, and new vessel forma- 
tion begins at the border of the obliter- 
ated vessels after the dogs are removed 
to air. 

Chen has found that the total amount 
of protein dissolved in the vitreous is 
closely related to the rate of vasculariza- 
tion in normal development, with the 
protein concentration declining to barely 
detectable amounts as vascularization 
nears completion. The new vasculariza- 
tion after exposure to oxygen is preced- 
ed by a sharp increase in the concentra- 
tion of protein in the vitreous. Patz and 
Chen thus speculate that one or more of 
these proteins may be responsible for the 
new growth. 

This speculation is supported by other 
experiments in which Patz, and his col- 
leagues at Johns Hopkins, Daniel Fin- 
klestein and Steven Brem, implanted 
small malignant tumors in the vitreous. 
Such tumors have been shown by F. 
Judah Folkman and his associates at the 
Harvard Medical School to release a pro- 
tein, named tumor angiogenesis factor or 
TAF, that stimulates the growth of new 
blood vessels toward the tumor. TAF 
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may be similar to the protein observed in 
the vitreous of newborn and oxygen- 
treated puppies. When introduced into 
the eye, TAF produces retinal vessel 
proliferation. 

The tumors thus provide another mod- 
el for proliferative retinopathy. They al- 
so make it possible to study agents that 
may inhibit the process. Folkman has 
found, for example, that a substance ex- 
tracted from cartilage inhibits TAF. Patz 
and his associates speculate that this or a 
similar inhibitor might block retinal vas- 
cularization. It might thus be possible, 
sometime in the future, to find ways to 
stimulate the activity of such a natural 
inhibitor or to develop synthetic agents 
that could block the growth of new ves- 
sels in the eye. 

Another animal model has been devel- 
oped by Albert E. Renold and his asso- 
ciates at the Institute of Clinical Bio- 
chemistry of the University of Geneva. 
They render a special strain of rats dia- 
betic with streptozotocin, an antibiotic 
that destroys insulin-secreting cells in 
the pancreas. They then observe that 
most of the rats that survive for as long 
as 9 months without insulin therapy ex- 
hibit many characteristics of reti- 
nopathy. They further find that they can 
isolate the retina and, by studying it un- 
der a microscope, quantitate many of the 
physical changes and correlate them 
with biochemical changes. 

One of their major findings is a marked 
decrease in the number of mural cells 
that line the exterior of blood vessels. 
They observe a strong correlation be- 
tween the extent of loss of mural cells 
and the concentrations of insulin and 
glucose in the blood and the volume of 
urine. This loss of mural cells could pro- 
duce structural weakening of small blood 
vessels and lead to their rupture. Such a 
loss of cells was observed in only about 
half of a group of rats that were diabetic 
only 5 months, indicating that the loss is 
time-related. 
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