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Preface

In March 1966 the occurrence of the Xingtai earthquake wrought the greatest natu-
ral calamity since liberation, The late premier Zhou Enlai went himself promptly to the
earthquake stricken area to console the people and gave important directive, China is a
nation frequented by earthquakes and there are never interrupted records of earthquake
Calamities in the Chinese history; but it is a pity that there are chiefly descriptions of
earthquake calamities, but few descriptions of measures against such disasters, Once a
great earthquake occurs people have to wait to die;taking it as God’s will and irresistible;
for instance the earthquake of 1556 in Huazhou, Shaanxi in the remote past or the recent
earthquake of 1920 in Haiyuan,Ningxia all caused casualties of tens of thousands, Now,this
Xingtai earthquake also caused casualties of similar scale, Of such lessons of blood, it
is a pity that our predecessors left no scientific record for the reference of their decen-
dants, In 1970 the State Seismological Bureau(SSB) was established to conduct and coordi-
nate unified carthquake prediction and preparedness work of the whole country against
such natural disasters, This book is a scientific summary of earthquake prediction work
in China in the past twenty years, From this book one can see the success of prediction
of the 1975 Haicheng earthquake, the experience of the semi-success of prediction of the
Songpan earthquake and the lessons of non-prediction of the 1976 Tangshan earthquake,
All this shows that we are far short of the goal of making scientific prediction of earth-
quakes, Yet we have made a great step forward from a state of ignorance, not knowing
the ins and outs of earthquakes, This book is not attempting to provide a guide book
for making earthquake prediction, but is a summary of the records and experiences of
that twenty years, In this book it is hoped that strong points and weaknesses can be
revealed and a favorable path can be found to advance forward,

Earthquake prediction has been one of the difficult problems science has net solved
in the past hundred years, There have been somc examples of success in the prediction
of 'earthquakes but all are not stained with the factor of chance and cannot be reliable
scientific evidence, Therefore it is continually questioned whether earthquakes are really
predictable, Logically, this problem hasnt got any definite answer at present, But the
prediction of earthquakes is a noble undertaking benificial to mankind; why not take it as
the object of continued struggle in the abscence of any proof that earthquake prediction is
impossibles That is a problem of faith, and one that needs a practical proof before doing,
As scientists in the twentieth century, particularly geo-scientists, every one is morally
responsible; To those who have experienced or even witnessed such worldly tragedy
wrought by earthquakes, this statement is not too much, : ‘

Earthquake prediction must be based on some kind of precursors, which usually
come from net beyond three sources, the seismograms recorded at seismic stationsj;anoma-
lous phenomena appearing on earth surface;or the precursors fram expected certain models
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of seismolegy, Wthenever people think of earthquake prediction,they first think of sear-
ching for information from seismograms, But, one must notice that seismic waves are
products that are produced by and generated after the occurrence of an earthquake, If
there is any information on the seismogram, that must concern with earthquakes that
will occur later, but is not the precursor for the present earthquake, Methods of earth-
quake prediction by seismometrical information are very useful, but one should not forget
their limitations, |

There is a mulitude of diversified phenomena appearing on the earth surface; some
may not be related to earthquakes;not to say that the phenomena we recognize as anoma-
lies may not be true anomalies, only because they have not been noticed before, To dis-
tinguish whether an anomaly is really an earthquake precursor, comparative study of
some kinds must be made, This is an important step,otherwise false alarms may be made,
The Japancse seismologist, Akitsune Imamura wrote a book on theoretical seismology in
the 1930s, in which he enumerated many earthquake precursors, Some of the methods
mentioned in this book also appeared in Imamura’s book,But the precursors described in
this book are more rich and varied, Since Imamura to the present more than a half
ccntu;ry has passed we have not yet found any precursor that is definitely connected
with;earthquakes, This is to say that the anomalous phenomena appearing on the earth
surface before an carthquake can be explained by many causes and may not be caused by
an ea;thquake. The precursor we take as the forerunner of an earthquake, if taken as
an individual phenomenon, is not of high reliability, But if a decision is made by taking
compzehensively many kinds of precursors together, the reliability may be higher,

The most typical example of expected property of precursors and their eccurrence se-
quence according to the model of seismogeny is the American DD model and the Rus-
sian IPE model, But these two models all have their limitations, It may be said that the
basis pf contemporary source physics is that of cause by faulting ,But the effects of the the-
ory is greatly exaggerated, Almost the entire theory of seismology is based on cause by
fauiting, Consequently our field of vision is greatly limited, Actually there are many phe-
nomena that cannot be explained by the fault-origin of earthquakes; not to say that ear-
t_hqua#es which accompany causative faults are not many, Even so, it can still be dispu-
ted that whether these large faults are really the cause of occurrence of earthquakes or
whether they merely accompany the occurrence of earthquakes, We believe that earthqua-
kes are the results of development in the earth, During such development both earthqua-
kes aﬁd faults are produced; the latter being merely one of the results, Great earthqua-
kes may be companied by large faults, but also may not,The earthquake swarm of Mat-
suchirg, Japan had trembled for many years, but no great earthquake followed, This is
the evidence, We should try to find possible precursors from the view point of develop-
ment inside the earth, but not be limited to the search for active faults, 1f so, our field
of view may be greatly expanded,

During the past century seimology has been developing along two direction, one is
seismic waves which has formed a mature applied science; the other is research on na-
tural earthquakes, its development is still limited, Although it is a large step from the
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theory of elastic rebound to the physics of seismic source, its cental idea of earthquake
prediction still follows the old path which is tens of years old and there has been no
breakthrough, The reason perhaps lies in the fact that we should reconsider the concept
of seismogeny of ecarthquakes,

The earthquake is not an isolated phenomenon,The source area is not a closed system,
Between the source and the medium around it there may be transference of energy and
matter at any time, Such transference may produce various kinds of boundary phe-
nomena of coupling between the solid earth and the atmosphere; physical, chemical, bio-
logical and other sorts of phenomena may be produced, During the Haicheng earthqua-
ke of 1975 and other earthquakes many kinds of phenomena due to earth-atmosphere
coupling were produced, Actually, if we do not limit the formation of ecarthquake sour-
ce to the displacement of rocks of a local region, but of a much wider underground re-
gion, then the crustal layer in a much larger active area may be the information source
concerning the earthquake.Some of such phenomena may be direct precursors of the carth-
quake, but some are produced by the coupling with surrounding material or the atmo-
sphere, with the initial source under the ground surface, such are the meteorological
precursors,

Another thing worth mentioning is that, in China, a consultation conference is
held before a formal prediction is made, Sometimes at the conference no convincing pre-
cursor is presented, yet there are indefinite ones that make people feel an imminent lar-
ge earthquake is coming, Such feeling of danger may be termed*carthquake climate”; it
cannot be used for short-term prediction; but has some reference value for making me-
dium-long term predictions, Analyzing the cause of such“earthquake climate”, it is po-
ssibly because; ( 1) we only have a fuzzy understanding of precursors; ( 2 ) precur-
sors are the results of composition of many kinds of effects which themselves are not
outstanding, This problem needs further study,

The book is based on rich material collected from all over China, The train of
thought is clear; many prediction methods are enumerated; the presentation is clear; the
analysis is comprehensive; the book is the most complete treatise at present, The authors
are all experts working on the first line of earthquake prediction, This book will be an
indispensible reference for all who work on earthquak prediction, But, on whole view
of this book,the book seems to be a little scriptural, being not freed from the framework
of old studies, The unmatured ideas in my essay are only for reference when the book
is to be revised,

Fu Chengyi
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Foreword

It has been 26 years since systematic probing of earthquake prediction in China te-
gan after the Xingtai earthquake of 1966, Not only a great amount of observation data
has been accumulated and many anomalous phenomena before earthquake has been observed
but also many new ideas and methods of earthquake prediction have emerged, By apply-
ing such methods to practice, there have teen succeses, and also many failures, This
shows that our knowledge about earthquake is still limited or even erroneous, Why some*“pre-
cursors”are very distinct before one earthquake but not distinct before other earthquakee
What's the reasons Is there any certain indication before an earthquakes And how to dis-
tinguish it? What is the real connection between a precursor and an earthquake? How to
deal with such problems before making an earthquake prediction? Such problems are worth
further study,

The authors of this book through many years of earthqguake prediction practic have
found, that there are really universal ezrthquake precursors before large earthquakes,such
as regional intensification of seismicity and, on the background of this intensification, a
gap of seismicity and the acceleration of crustal strain rate may appear; and not long
before the occurrence of the large quake there may appear some anomalies with rapid rate
of change around the epicenter of the coming earthquake, Furthermore, we have found
that precursors show regionality, that is, at different places and for different earthqua-
kes, the kinds of precursors, the variation of their amplitude, their spatial and tempo-
ral distribution, exhibit not quite similar features, The existense of universal precur-
sors shows that there is a fundamental physical process which controls the occurrence of
fundamental earthquake precursors while the regionality of precursors adds to the comp-
lexity of earthquake precursors, But what is this fundamentai physical process of earth-
quakes? How does it control the occurrence of earthquake precursors? How do regio-
nal tectonics and regional stress field influence the emergence and distribution of earth-
quake precursorse It is obvious that without the solution of such problems, the ability
of earthquake prediction is difficult to be improved,

With these problems in mind we participated in the project of “systematic study of
earthquake precursors and inethods of earthquake prediction” of 1983-—1987; and the
project “study of pragmatization of earthquake prediction methods” of 1987—1989, From
the ‘comprehensive analysis of the material of dozens of earthquake cases we got scme
solutions of the above problems which have been published in relevant treatises and col-
lecteéd works,In the past three years we further studied the results in relevant disciplines
and- probed deeper, This book is a reflection of such studies, We have attempted to
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combine the research of the respective authors and results in different disciplines inte
onc organic entirety and take the various precursors as certain aspects of the seismogenic
processes and take the source region as the body that accumulates strain energy in a
non-homogeneous medium, using the view point of unity of field and source to explain
the occurrence and development of various precursors,to analyze and process the precur-
sory data, to use the various precursors for earthquake prediction, In the disscussion
of such problems, we always stick to the principle of integrating theory with practice,
refraining from purely describing the facts without asking the cause, trying in every
way to use relevant research results at home and abroad to make a preliminary analysis
of the causes of certain features of earthquake precursors,

‘The materials used in this book are takenmainly from the results of the above mentioned
two organized study projects and absorbing ideas published in many academic periodicals
or treatises, The materials are chosen according to the principle of concise but excellent,
even at the risk of incompleteness, and are repeatedly cross-checked and universally
accepted,

The book contains five parts,

Part one is an introduction which briefs the seismic activity and earthquake predic-
tion in China;the investigation and study of the Xingtai,Haicheng,Tangshan and Songpan
earthquakes which pushed the seismological work of China; the progress of earthquake
monitoring and prediction work in China in the 1980s; the line of thought, the approa-
ches, features and system of earthquake prediction,

~Part two describes the observation and analysis of earthquake precursors according
to the above mentioned disciplines, For precursors of the discipline of seismometry it
stresses seismic gaps,seismic bands,the b-value,foreshocks and induced foreshocks,swarms
and foreshock swarms, the anomalies of wave velocities, For precursors of other disci-

plines it stresses the corresponding observation systems, the elimination of disturbances,

the, retrieval of information,the recognition of anomalies,their respective features,the pred.c .

tion methods and efficacy,Chapter 9 of part 2 briefs abnormal animal behavior and chapter
10 gives the comprehensive analysis of earthquakes of medium strbng and over,

Part three discusses the features and mechanisms of earthquake precursors, It com-
bines the study of precursors according to the different disciplines to which they belong
and according to earthquakes cases; and make an analysis and synthesis with a higher
standing, It represents at present our most comprehensive knowledge concerning earth-
quake precursors, By utilizing the experimental and theoretical results obtained during the
past 10 years, it makes a preliminary discussion about the formation mechanism of fea-
tures of precursors, putting forward valuable ideas besides pointing out some doubtful
points and questions,

Part four is a discussion of the methodology of earthquake prediction, It contains

sections on the probabilistic statistical method of earthquake prediction, the gray system

.




theory of earthquake prediction,the pattern recognition used in earthquake prediction,the
physical methods and the systems sciences methods,the empirical method of prediction, and
the expert system for earthquake prediction, This part concentrates on all the native meth-
ods developed in China and those first imported from abroad and then developed in Chi-
na in the past 20 years, It discusses not only the principles but also gives the methcds
with examples,

The fifth part depicts the processing of precursor observation data, from the classifi-
cation and assessment of data, the conventional methods of precursor data processing, to
the method of digital filtering, spectral analysis etc, It makes a comprehensive discus-
sion of the principles and also some concrete earthquake cases,

All the authors of this book have been working on earthquake prediction since the
Xingtai earthquake; have participated in the two research projects; and are now taking
part in the Eighth Five-Year-Plan project of tackiing the key problems of earthquake
prediction,They all have a clear understanding of the history and the present situation
of earthquake prediction, For the writing of this book they have consulted large amounts
cf materials and literature and they have made revisions of manusripts of the book many
times,

The authors have separately written the chapters as follows,

Mei Shirong, chapters {—5 of part one, chapters 1—9 of part two, and chapters
1—2 of part three;

Feng Deyi; chapters 1—6¢ and 8 of part four;

Zhang Guomin,; chapters 3—6 of part three;

Zhu Yueqing; chapters 1—5 of part five;

Gao Xu; chapter ¢ of part one and chapter 7 of part four;

Zhang Zhaocheng, chapter 10 of part two,

The idea of writing, the overall structure and the substances of each chapter of the
book are all designed and arranged by Mei Shirong, She also shouldered the final go over
of the complete manuscript of this book,

The authors have done their best in the preparation of the manuscript of the book,
But because of the limitedness of their learning and experience, in the writing of such
a comprchensive book of substantial content about ecarthquake prediction is a new chal-
lenge, omissions or errors are hard to avoid, The authors sincerely welcome comments
and criticisms from the readers,

Mei Shirong
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