Expert System for

Comprehensive Earthquake Prediction




MREARER RS

N s

i

% T

G L AL
KREFH HHE 215
PTHEE BRE THE AER

e F 4 hx 42

1991



COFEF 0952
HERE

AHEN AT HRE S WML FFE K ESCEP 89T B S S KWz
BEHAEZRARBRPONHSER. 28BN 8BS B-BIES
R, FIBIRARECTIREFTNAETAOATHR, BRLRRSK
FIRHEIE, GRAVE. VEE. IEBREK. fE. B8, RERRKSH
REFRENGHFH L, BURSREASRE, RELRHBIMY
BB EN AT ESCEP BRUNA T 2EFEHBFMRAOFCE.

FHEEARA B A K FHRGERNFENTREETSE,
AT PNERET . MR EMATER— L XRENANRAPETHE
ERRHESE.

BREGHBERRE

RiEH

g4 i

T4 FE5

e & ¢ i HAR

IR REENRER IS

BEMBRE] R
3 AR AR R AT

FFA: 787x1092 1716 EHH 26 FEH 450 TF
1991 £ 10 A—fE 1991 £ 10 A~
¥ |---8u0
ISBN 7-5028—0548—6/ P.364
(9371) #1933



F —

WRE—HTENREHEHRRE, KEREGMZ RS ARERK
¥, AHLDIR, 2HFEBBIETMAREX 2607, SELARKER
TABEFE 58%; {1976 FH LR, FETEK24 FA, BROEESR
TriRz 1004Z5T. AR, EANEHFRERE, AnmEEs, HRERE
B P FE BB HE H B

JUTAER, ARATRBMBEFHITTARNE . WHEB b6 B8N
&, 1966 FRMEHMME, EXAMBHFHIFHRBREEOFEDLERT,. RE
RKAFRTHREBHE, HRETFENSR. HE, BTFTHRIBERMRHA
ZRAEENFERE, YATEASERBERNBLATERGE. RABROFTF
RBL, RERCSMHRIBREHAE.

M- IHERE, FERTHERMANN A - 52 HXNBLAE
B, BERRANAYREREPSARERRE. HFHERE XIHHARTH
BERFGERBMRALE. ALERRLYAHEXNITEERZ —. RAFTEIRE
DEEASMGKRTEHREFROERT. FENBREAIKIETHES R
ZEAFHE, MRERERMANEE, KAATEERAE, FHLhRg
FHBERALR, BETAEERZEAGEE, BFMETRARR, XEIN
AT BRMEER, @UWFELLREIT, BETREFNRS, IBMRER T HHK
. XEAMBEARTERAAEEE XM,

A, ERLEAEFR BRREARKRETF H BBHRKETELS
MEE—-F. ATXARKGEYN, RYPERAELHRMURE LT, EHEH
REGEERERARTHANRENREE S, SBEMLEFFORS, #—58
HHREREN M RBRAKT.

7 t%i»]ﬁ

1991.10



Preface 1

Earthquake is a fearful and sudden natural disaster. A large earthguake may cause
great catastrophe to human beings in a second. Since this Century, there have been about
2,600 thousand pecople killed by earthquakes in the world amounting to 58% of the death
total caused by all kinds of naturel disasters. For instance, the Tangshan earthquake,
1976 in china killed 240,000 pcople, and caused the direct economical losses up to 10
billian chinese yuan. Nowadays with the economy developing rapidly both at home and
abroad., population highly concentrated, the potential threats of earthquake hazards tend
to be increased greatly.

In the past thousands of years, in order to reduce the seismic hazards, the human has
made unremitting efforts. From the thinking of “ putting prevention first 7, after the
Xingtai earthquake in 1966, under the leadership of Chinese Communist Party and gov-
ernment and the kind attention of Premicr Zhou Enlai, the earthquake prediction re-
scarches have been carried out, energetically in China, and we have got rich experiences.
However, because carthquake process is one of the extreme complex and difficult scientific
problems, earthquake prediction is still in probing stage at home and abroad to date.
There are a few successful prediction cases so far, and no breakthrough progress has been
made in earthquake prediction practice.

Facing this difficult scientific puzzle, we must measure and usc all facts and informa-
tion associated with earthquakes, and absorb and apply all scientific results gained from
various disciplines and advanced technology, so as to achieve interaction among various
scientific domains for the better development of earthquake science and earthquake predic-
tion research. Artificial Intclligence (AI) is one of the rising forward disciplines today. As
there are no any extensive studings precedent and development of AT in earthquake aspect
nationally and internationally, the Centre for Analysis and Prediction, SSB, hastaken
the lead in developing the Expert System for Comprehensive Earthquake
Prediction(ESCEP) from the synthetical analysis on empirical precursory indices and
criteria and earthquake cases, absorbing the essence of predicting expert’s knowledge,and
applying the high technology Al. And so the interaction and permeation among various
disciplines have been promoted. They tested the ESCEP by using the earthquake cases
carefully, and applied the ESCEP to predict the coming earthquakes actively. After practi-
cal operations of the ESCEP for more than 2 years, they have gained good achicvements,
and inhanced the predicting cfficiency significantly. Tt is of primary importance to promote
earthquake prediction rescarch.

Currently the activity of “ International Decade for Natural Disaster Reduction ™ s
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under way, reducing the carthquake disaster is an important aspect in the Decade. In or-
der to realize the goal of reducing disasters, I am expecting there will be maore achieve-
meants like ESCEP in the future. It is my great hope that the scientists from the Research
Group of ESCEP will continue to make efforts for obtaining better results , so as to fur-

ther advance and raisc the earthquake prediction level in China.

Fang Zhangshun
1991.10
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Preface [l

Artificial Intelligency, as one of the contemporary frontier of science. has achieved
grcat progress since its appearing in 1956. In the rescarch of application, the expertsysiem
has been applied widely in all kinds of fields in the past ten years, with plenty of practical
effects. The main reason with which the artificial intelligence arose so rapidly is tha: it has
great potential ability. The artificial intelligence makes the computer be able to solve many
problems which we don’t know how to solve till now. It not only brings about the revolu-
tion of software and hardware, but also penectrates other fields and makes them
revolution, then promotes and speeds up the development of social economy.

up to the date, earthquake prediction is a great scientific difficulty. Because of the
complexity of the scismogenesis process,earthquake prediction still can not show its out-
standing progress. In order to reduce the earthquake disaster, many seismologists at home
and abroad are making efforts to develop seismic observation system, and study the theo-
ry of earthquake and the method of prediction deeply, meanwhile they also make effort to
absorb the advanced scientific and technological achievement at home and abroad to im-
prove the earthquake prediction.

In order to gather the ability of individual expert to form an expert group and make
them cffective, in order to identify the describing, accessing, managing, vertifying and
applying the prediction knowledge and criteria of individual experts to overcome the short-
coming (such as dispersity, instability and subjectivity) which existed in the earthquake
comprehensive prediction, in order to raise the systematization, stability and scientism of
the earthquake comprehensive prediction, the Centre for Analysis and Prediction,State
Scismological Bureau, has developed the expert system for comprehensive earthquake
prediction (ESCEP) during 1986 to 1989, which is the first one in this ficld in the world.
In Oct.1989, it passed the appraisal organized by State Scismological Bureau.The
appraisal committee was consisted of the artificial intelligence experts and earthquake pre-
diction experts who are the famous ones at home and abroad. They all maintained that this
system is a pioneer one at home, advanced one abroad, and a very good practical and cf-
fective cxpert system, and can be extended to prediction practice. Some news medium of
our country issued the information of this system success.Many scismic experts from more
than ten countries, such as Japan, Soviet Union, United States of American, Iran and
so on, watched the demonstration of this system, and had given good appraisals. Sine
1990, 1this system has been extended to about twenty provinces or regional seismological
departments. From October in 1988 to now, morc than ten bureaus under the State

Scismological Burcau have used this system and obtained satisfactory prediction effects. Tt
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really had made effect in the earthquake prediction as well as in the reducing and pre-
venting disaster.

Since 1989, the ESCEP has been used to do the national coming earthquake predic-
tion. As one of main means, the prediction results reasoned by ESCEP were regarded as
one of main arguments of the national coming earthquakes. In the fall of 1988, the
rescarchers used ESCEP to acquire one part of precusory anomalies automatically, mean-
while they gathercd one part of other precursory anomalies to reason and make
prediction, and obtained six predicting risk areas. Just in No. 1 risk area did M =7.0
Tanggulashan earthquake occur and in No. 2 risk area aoccurred M =7.6 and M =72
Lancan earthquakes. In the end of 1988, researchers gathered all national earthquake
precursory anomalies. After their using ESCEP to reason, another two risk areas were ad-
ded, in total eight risk areas werc put forth in 1989. Till the end of 1989, except Taiwan
and the southwest of Tibet from where we can’t get the data of earthquake, almost all M
>5.0 events,and all M>>6.0 and all M>>7.0 events occurred within or near the eight areas.
What is more, within all eight predicting risk areas had occurred M>>5.0 events,and in 5
risk arcas occurred M > 6.0 events. In the end of 1989, similar methods had been used in
ESCEP to do the three indexes prediction of national earthquakes. Till the end of 1990,
most of M>5.0 and M >6.0 events (no M>>7.0 this year) occurred within the predicted
areas. It made good prediction for M =6.9 in gonghe of Qinghai Province and Tianzhu
M =6.2 events which occurred that year. In the end of 1990, ESCEP had been used to do
the national earthquake prediction of next year, and nine M>>5.0 risk areas were put
forth. Till now seven of them had occurred M>5.0 events, most of them occurred within
the risk areas or in the 50km from the risk arcas.‘ To sum up, ESCEP has high prediction
ratio and low error prediction ratio, and isa very good effective expert system.

Expert system for comprehensive earthquake prediction is based on the recent new
prediction knowledge of seismologists, with expanded imprecise reasoning method to do
reasoning, and synthetic risk decision strategy to make medium—term and short—term
prediction of strong earthquakes. It is a computer system, combining intelligence software.
The main features are:

1.New contents and wide covered fields of knowledge, large data access. It gathered
and included almost all of the expert’s available experience, knowledge. criteria of expe-
rience prediction and statistic prediction, and some new achievements of seism ogenesis re-
scarches .

2.Good comprehensibility. Tt included not only the criteria of each single discipline,
but also the expert’s knowledge and experience of multiple disciplines.

3.Good practicability. It computerized the comprehensive earthquake prediction and
madec them intelligence. The practical earthquake predictions showed good results.

4.Easily expanded and transplanted. The data—base, the knowledge—base and the
mcthod library of this system can be expanded and improved easily. Till now ESCEP can
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be running not only on VAX /780 or 750, but also on 386, 286 ( AT) ,
IBM-PC / XT, as well as can be also easily transplanted on to some other compatible
computers.

5.Conveniently to operate. It adopted menu management.

6.Good output function and user interface.

Earthquake prediction is a complex and difficult scientific problem. Although scien-
tists in many countries make effort to solve it, the predicting ratio still maintains low. On
the other hand, the earthquake disasters threaten mankind seriously. Now the activity of

* International Decade for Natural Disaster Reduction " is carrying out in the world,
which demonstrates the mankind’ s desire and determination of reducing and preventing
disaster. Reducing earthquake disaster is the critical step of the plan of reducing natural
disaster. So, now not only at home but also abroad are paying much more attention to it.
It is significant that applying the new achievements of contemporary science and technolo-
gy to rise the earthquake prediction ratio to maximumly reduce the number of died and in-
red and the loss of property. The ESCEP has combined the new achievements of artificial
intelligence with earthquake prediction firstly, and has fulfilled successfully the penetra-
tion of different disciplines. It is not only a successful try in making the earthquake com-
prchensive prediction intelligence, but also plays a great role in the standardization and
automation of earthquake comprehensive prediction, especially the long—term,
mediumn—term and short—term earthquake prediction. The rescarch has arrived the ad-
vanced level in the world in combining expert system with earthquake prediction. We hope

the researchers make it more effective in the earthquake prediction.

Chen Rong
1991.10
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Editor's Remarks

This book is the summarization of ESCEP. All the contents are connected each other
logically. It is divided into 4 parts, the 1st part is the summary of ESCEP, the 2nd is about
the predicting knowledge, the 3rd, on the software implementation, and the 4th part is the
application and prospect.The major goal of the book is to describe the mothodelogy for
developing ESCEP,the contents are in detailed as far as possible, so that the readers who
are interested in this book will be able to get the essentials of the methods for solving cer-
tain problems from it.As there are many works available on the knowledge representation
and inference methods of a general expert system, it is needn’t to describe them in this
book.

ESCEP is developed under joint support of State Seismological Burcau (SSB) and the
Centre for Analysis and Prediction, SSB. Relevant leaders and scientists, from the State
Scismological Bureau, the Centre for Analysis and Prediction, SSB, and other seismological
units, have rendered great assistances in developping the ESCEP and editing and publishing
this book.Mr.Fang Zhangshun, the SSB director, Mr.Chen Zhangli and Chen Reng, the
SSB deputy directors,have attached primary importance to progress of this research
project. Mr.Sun Qizheng, Li Xuanhu, Chen Xinlian, Luo Lange, feng Deyi, Wang Xiuwen,
Xu Jinghua have dedicated their enthusiastic aids and guidance during the whole period
from the proposal and specification establishment to the project implementation and ac-
ceptance. Prof.Wang Pu, Hu Yunfa, Gao Hongkui etc of Technological College of
Changsha, have dedicated their assistance in developping ESCEP, Mr.Gu Ping, deputy di-
rector of Department of Intenational cooperation, $SB, and Mr.Yin Jianjun of SSB, Prof.
Lin Yaorui of Qinghua University have checked and approved the English in this book.
The authors are very much grateful to all of them for their help.

The works of the manuscript organization , edition and embellishing are undertaken
by chiel Editor Zhu Yueqing; the checking and approving work, by Zhu Yueging and Mei
Shirong. Finally Prof.Shang Hongkuan examined and verified all the drafts of whole book.
Managing Editors are Zhu Yueqing, Mei Shirong, Li Yangiao, Jia Guicai, Chen Ying, Yu
Xudong, Ding Xiang.All the drafts are entered and edited and typesetted by Mrs. Li
Yangiao, Jia Guicai, Chen Ying, Ding Xiang and Mr. Yu Xudong. All figures in the book
arc drawn by Sun Tong, Qu Xiuging, Fan Rongzhi. The editorial board has made great ef-
forts, but there might be still some improper aspects in the book. Due to our limited scien-

tific level and knowledge, therefore, any comments and corrections are greatly appreciated,

The Editorial Board
Oct . 1991,Beijing,
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