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Abstract. To understand the generation of the 2008 Wen-us to research the characteristics of the seismicity before the
chuan, China earthquake, we developed a strategy to objedAen-chuan earthquake using a developed statistical tool, pat-
tively identify possible seismic precursors. Based on the pattern informatics.

tern informatics (Pl) method, the pattern of seismic anomaly Pattern informatics (Pl) was developed to evaluate the
was identified by the aid of genetic algorithms (GA) to be anomaly of seismicity in a specific region during an interval
highly similar to the spatial distribution of the Wen-chuan of interest. The fundamental concept is built up from numer-
earthquake sequence. We found that smaller earthquakdsal simulations of driven threshold systems (Egolf, 2000;
(M < 4.4) showed a linear relationship of Gutenberg-Richter Ferguson et al., 1999; Klein et al., 2000; Rundle et al., 1995,
(G-R) distribution. However, the frequency of the intermedi- 2000a) and the physical meaning is explained by phase dy-
ate earthquakes > 4.4) showed an uplift. This uplift sup- namics. After dividing the research region by a planar box of
ports the seismic activation hypothesis developed by Rundleegular size, seismic anomaly in a box during an interval is
et al. (2000b) and is similar to the case of the 1999 Chi-chi,evaluated by comparing its past long-term average seismicity
Taiwan earthquake sequence reported by Chen (2003). and seismicity in other boxes. In the Pl method, both seismic
activation and quiescence are considered and expressed nu-
merically as seismic anomaly. In several scientific works, the
spatial distributions of stronger seismic anomalies are simi-
lar to upcoming earthquakes, including big ones (Chen et al.,

The Si-chuan basin in China was struck by a sudden?ooe? Nanjo et _al.,_2006; Tiampo etal., 2006). These results
and extremely destructive earthquake on 12 May 2008'mp|}’ tha_t a seismic anomaly is a possmle indicator of up-
06:28:04 (UTC). Since this region is located where the Hi- €0mMing big earthquakes. However, important parameters in-
malaya mountain belt and the Eurasian plate collide, the Sivolved in the Pl method; for example: magnitude, depth and
chuan basin is a high seismic area. According to the Ofﬁ_lnl'qal or termination time, are usually coupling in sel_ectmg
cial report, about seventy thousand people were killed anc€iSmic data. Coupling of parameters absolutely raises the
three hundred and seventy four thousand people injured iflifficulty in identifying seismic information from noisy and
this catastrophic event. However, in contrast to the seriou$°MPplex regional seismicity. . . o
damage caused by this big earthquake, no effective short- In this work, we are concerned with possible seismic
term warning was issued before the occurrence of the mairnomalies before the Wen-chuan earthquake at first. Based
shock. Although several researchers have pointed out then the assumption of PI method, upcoming earthquakes tend
high seismic hazard in this region, no details have been prot0 occur in the area which the evaluated seismic anomaly is
vided about how such a big earthquake is generated (DendDuch stronger than a background average. Thus, we de-

more etal., 2007; Long et al., 2006). This situation motivatedVeloped a strategy to objectively identify seismic anomaly
whose spatial distribution could be similar to the Wen-

chuan main shock and aftershocks. The seismic anomaly

Correspondence td.-C. Li was caused by changes of seismicity during two succes-
BY (93642005@cc.ncu.edu.tw) sive intervals before the Wen-chuan earthquake. We have
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suggested that, by researching the characteristics of seismigersion, the fundamental concepts are common. In many
ity during the intervals, important information about the gen- numerical simulations to non-equilibrium systems, measure-
eration of big earthquakes could be provided. ments of the inherent physical quantity of each model dis-

Regional seismicity is mainly recorded by the national andplay a statistical equilibrium property (Egolf, 2000; Ferguson
regional seismic networks. Both networks are maintained byet al., 1999; Klein et al., 2000; Rundle et al., 1995, 2000a).
China Earthquake Administration (CEA). The initial times The ensemble summation of inherent physical quantity keeps
of the national and regional catalogs are initiated from 1 Jannearly a constant and merely fluctuates to a lower extent.
uary 1970 (UTC) and 1 January 2001 (UTC) respectively. This statistical equilibrium property is observed in real fault
For a longer time span of the seismic record, we applied thenetworks, too (Tiampo et al., 2007). In PI, fluctuations of sta-
national catalog in this research. tistical quantity in a small fault segment are suggested to con-

In this research, the genetic algorithm (GA, Goldberg, tain important information about the evolution of seismicity
1989; Holland, 1975) was applied as the selection tool forin a fault network. Thus Pl is applied to research fluctuations
parameters in the Pl method. In GA, important Pl param-of long-term earthquake numbers in real fault systems.
eters were taken as genes in each chromosome of an initial The details of the modified PI are addressed below. Earth-
population. For each chromosome, a Pl map was generateguakes in a seismic catalog were selected according to pre-
after applying a gene set in the PI method. The performancelefined ranges of space, depth and magnitude. The spatial
of a PI map depended on the similarity between the distri-range of interest was first divided by regular boxes. In this
bution of hotspots on a Pl map and the distribution of theresearch, the square planar box was used and the length of
main shock and following aftershocks. A PI map performedeach side was 0?1 The total number of square boxes was
better if two distributions were more similar. The relative op- namedny,.
erating characteristic (ROC) diagram (Jolliffe and Stevenson, There were five temporal parameters in the modified Pl
2003) was applied to quantitatively evaluate the performancenethod. The beginning of the catalog we used was defined
of each Pl map. Once the best solution was determined, wasTp. It was unnecessary to be the initial recording time of
turned to respective statistical behavior and characteristics afhe catalog. A later temporal point aftés was7;.
seismicity during baseline and change intervals. The interval betweerly and 77 was the “baseline inter-

From the best solution we obtained, the baseline interval”. A later point after7; was 7»>. The interval between
val was from 1 October 1984 to 30 September 2001 andly and 7> was the “change interval”’. The last temporal pa-
the change interval was from 1 October 2001 to 31 Januaryameter aftef> wasT3. The interval betweef, and73 was
2008 (UTC). The seismicity during both intervals was dis- the “forecasting interval”. Earthquakes which occurred in the
played as curves in a Gutenberg-Richter (G-R) frequency-forecasting interval” were selected by predefined magnitude
magnitude distribution to show respective characteristicsthreshold and were formed into a set of targets. A series of
For the change interval, the G-R curve showed a linear patsequent temporal points betwe&g and 71 was defined as
tern in smaller magnitude earthquakes. But, for intermediatelh. The application offy, provided different initial times in
magnitude earthquakes, the linear pattern broke and the G-Ralculating seismic rates and rate changes in PI. For statisti-
curve showed an uplift in frequency. This uplift conformed cal stability, the last}, was selected to satisfy a condition:
to the characteristics of seismic activation in the seismic acthe length of interval7y, to Ty, was equal to change interval,
tivation hypothesis developed by Rundle et al. (2000b). T1 to T». Total number of earthquakes in a haxduring in-

In this research, the combination of GA and Pl showedtervalTj, tor was defined a&/ (xj, Ty, 7). The average seismic
high efficiency in objectively searching for the important rate was evaluated by following equation:
seismic anomalies. The result showed that seismic activation
began roughly six years before the Wen-chuan earthquake. & (x;, Ty, 1) = N i, To,1) (1)
similar characteristic is reported for the Chi-chi earthquake t—Tp
by Chen, too (Chen, 2003). However, more case studies ar¢ne parameter could beT; or 7> to describe long-term av-
still necessary for further information about generation Pro-erage seismic rates durirfg to 7y or Th to T1, respectively.
cess of big earthquakes. To account for the change of seismicity during the “change

interval”, the seismic rate change was defined by Eq. (2).

2 Methods: Pattern informatics AR(xi,Tp) = R(x;, Tp, T2) — R(x;, Tp, T1) (2)

Pattern informatics (PI) was first developed by Rundle etFor a specific boxt;, the application off}, enabled us to
al. (2002) and Tiampo et al. (2002), and is applied by sev-evaluateRr(x;, Ty,t) and AR(x;,Ty) based on different ini-
eral researchers on different seismic active regions (Chen dtal times. It could prevent possible statistical bias when
al., 2005; Nanjo et al., 2006; Tiampo et al., 2006). The calcu-was used as the only initial time. Thus, for each bgxhere
lation algorithm we used was modified by Chen et al. (2005).was a series of seismic rates and seismic rate changes due to
Although the details of calculations are not the same for eacla series off},. Considering a specific bof}, normalization
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was applied to a series of seismic rate changes in the box toatio of past seismicity during the baseline interval by fol-

give eachl}, a statistical relative evaluation: lowing equation:
AR(x;,Tp) — AR(x;) RIG:) = o N(x;,To, T1)
T = =log;o( )
AR T = ="\ R o To)) 3 ’ 1% max(N (x1,To. T1))

The maximum of earthquake number among all the boxes
was used as a normalization factor. Thus the maximum of RI
was 0 and all other values were negative.

A proper statistical tool is always necessary to evaluate
statistical results adequately. We applied the relative op-
erating characteristic (ROC) diagram, a binary evaluation
method, in this research (Jolliffe and Stevenson, 2003). It

—_— can evaluate success and failure rates at the same time.
AR (xi, Tp) = AR, (xi. Tp) = AR; (Th) (4) The distribution of a predefined set of earthquakes was a
o (AR (xi,Tp)) target to match. We applied a looser standard to define a suc-
cessful match. For each hotspot which was located in a spe-

Similar to Eq. (3), AR,(Tp) was the spatial average and (ific hox, eight nearest boxes around the hotspot were taken
o (AR;(x;,Tp)) was the spatial standard deviation over all 4q jis expansion.

In Eq. (3), AR(xj) was the average and(AR(x;, Tp)) was
the standard deviation over &k of box x;.

After T, normalization, a specifi€, was considered now.
To statistically evaluate the seismic rate change of hoxa
spatial normalization was applied for comparing to seismic
rate changes of other boxes:

boxes for a specifidp. To each box, there were four possible situations. First, the
After spatial normalization, an average rate change of boXyox could be a selected hotspot, and there was at least one
x; was evaluated by averagingr; (x;, Tp) over all Tp: target earthquake in its neighborhood expansion. Second, the
box could be a selected hotspot, but there was no target earth-

ARy () = 1 ARy, (xi, Tp) (5) guake in its expansion. Third, the box was r_10t a hotspot, but
N(To) F there was at least one target earthquake in it. Four, there was

neither a hotspot nor a target earthquake in a box. The total

To evaluate seismic activation and seismic quiescence sipumber of each kind of boxes was named a, b, ¢ and d in
multaneously, we applied squares of average rate changet!rn. The total number of all boxes was nameédand thus

The background value was defined as the spatial average d¥as equal to (a+b+c+d). In the ROC diagram, the y-axis

squared seismic rate changes over all boxes. To further enwas defined as “Hit rate” and the y-value was calculated by

phasize larger changes beyond the spatial average, the backi(a +c). The x-axis was “False rate” and the x-value was

ground average was subtracted from all squared rate changé&glculated by b/(b +d). The maximums of both axes were 1.

to get the relative amplitude for each box: The performance of a PI result was evaluated by the simi-
larity between the hotspots and the target earthquakes in spa-

TR 3 1 — tial distribution. A series of hotspot thresholds were applied
Pxi) = (ARx (xi))"— WZ(ARM’”)) ® in descending order. The spatial coverage of the hotspots
i would increase with descending hotspot thresholds. The val-

ues of the four parameters and corresponding “Hit rate” and
%alse rate” were changed, too. Thus the performances of
e Pl and RI maps was evaluated by the area confined by the
OC curve and two axes. The best forecast is the one hav-
ing the largest area. Areas for a perfect forecast, a random
uess and a completely failed forecast were 1, 0.5 and 0 in

In our application, spatial boxes which relative amplitude ex-
ceeded a predefined threshold were selected as hotspots. T
hotspots were actually used to evaluate the performance of
Pl result.

There were two major differences between the modified PI

method addressed above and the original version. The fir . This area evaluation by the ROC diaaram was used in
one was statistical quantity used for seismic rate change. IIIi ' y 9

the original P, average seismic rates in Eq. (1) were spatiall)}he genetic algorithm. The details of the genetic algorithm

normalized, then used in Eq. (2) for seismic rate change. Andre addressed in the next section.

other major difference was the application@f normaliza-

tion in the modified P1. For a box which had high seismic- 3 Method: Genetic algorithms

ity persistently, large fluctuations of seismic rate were essen-

tially easier to be determined due to numerous, episodicallyGenetic algorithms (GA) are widely applied for optimiza-

occurred earthquakes in it. The applicationZgfnormal-  tion of problems in many fields. The fundamental element
ization could eliminate some kind of fluctuations similar to in (GA) is the gene. Important parameters of a problem in
background noise and highlight stronger rate changes. research are encoded to corresponding genes. Several genes

The relative intensity (RI) was developed as a comparisorcompose a genetic string, called a chromosome or an indi-
with relative probability. It was defined as the logarithmic vidual. Each chromosome has an associated fithess measure
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L = s 3 a5 4 45 5 35 6 65 7 Fig. 1b. The hypothesis of seismic activation for characteristic
Mc earthquakes by Rundle et al. (2000). The x-axis is cut-off mag-

nitude, m, and the y-axis is cumulative humber of earthquakes
Fig. 1a. The Gutenberg-Richter (GR) frequency-magnitude dis- which magnitudes are larger than or equal to corresponding m.
tribution of two successive intervals, from 1 October 1984 to 30 At is a timely ratio measured from the occurrence of a next char-
September 2001, and from 1 October 2001 to 31 January 200&cteristic earthquake. We haver = 1.0 just after a character-
(UTC), respectively. istic earthquake, and the next characteristic earthquake occurs at
At =0. ThreeAt stages are indicated from down to up: sys-
tematic lack of intermediate-sized earthquakes, a continuous in-
crease of intermediate-sized earthquakes and a further increase of

which is evaluated by a fitness function. The fitness func-. : .
intermediate-sized earthquakes.

tion is defined by the user for the optimization problem. The
fithness measure was used in the process of evolution to de-

termine survival probability of a chromosome. A predefined changed to generate offspring. Occurrence of crossover or

number of chromosomes composes a population. The SizR,t qepends on a predefined probability. Crossover proba-
of a population depends on the complexity of the problem inpjjities up to 80% give satisfying outcomes in many applica-

research. An initial population is created in the beginning of ;5,5 (Coley, 1999). An offspring obtains features from both
GA, and then is used in following iterative evolutions. The yo.ante
values of each gene in the initial' population are generated The mutation procedure provides the opportunity to cre-
randomly to encompass the solution space as widely as POSye new characteristics out of an existing population. Genes
sible. of a chromosome are randomly modified subject to a pre-
Evolution of a population in GA consists of three stages: defined mutation probability. The probability of mutation is
selection, crossover and mutation. After each time evolutiongbout 2% to preserve the stability of the population (Gen
new chromosomes are generated, and elites among them aggad Cheng, 1997). Mutation promotes the diversity of a new
selected to replace the worst in the original population. Ageneration.
population modified after each time evolution is of a new |n this research the genes in each chromosome included
generation. Evolution is an iterative process until any prede-r, Ty, T», D and Mc, which were important parameters in
fined termination criteria is satisfied: if a known acceptablethe PI method.753 was defined as 180 days after. Earth-
solution level is attained; or if a maximum number of gen- guakes which distributed from ground surfaceXgin depth
erations have been performed; or if a given number of genand were larger tham in magnitude were used. For each
erations without fitness improvement. Thus a GA process iSChromosome, the Pl method gave a Pl map and a RI map by
completed. The fittest chromosome selected by the ﬁtnesgppwing the gene set. The number of chromosomes in the
measure represents the optimum solution of the problem. jnitial population was one thousand. The termination condi-
In the selection stage, a chromosome which has a highetion was to reach the maximum number of generations which
fitness measure is a better one. lItis given a higher probabilityvas set at one thousand in this research.
to survive and to duplicate offspring in the next generation. The fitness function was the ROC diagram. Performance
The average fitness measure over a population improves abf each Pl map was evaluated by the area confined by the
ter this stage. The crossover procedure is major in the GAROC curve and the horizontal and perpendicular axes in the
process. Two chromosomes are randomly selected from thROC diagram. The Pl map which had the largest area in
population as parents. Corresponding parts of each chromahe ROC diagram was evaluated to be the best. Thus the
some are selected at identical crossover points and are exorresponding chromosome was the best result.
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4 Results @) ., ,
The best chromosome selected after the GA process was nLES s
composed of five parameters. Those parameters fger#

0.04

October 1984;T1: 1 October 20017»: 1 February 2008; s}
D¢: 18km andM.: 3.0. Last parametefs was referred to

the occurrence time of the Wen-chuan main shock and thus
was predefined at 31 July 2008 (UTC). Thus, the baseline in-

-0.06
31

Latitude(?)

-0.08

terval was from 1 October 1984 to 30 September 2001, and 30
the change interval was from 1 October 2001 to 31 January ry
2008. 2

Gutenberg-Richter distributions of both intervals are dis- o
played in Fig. 1a. According to the definition of the g o ove o
Gutenberg-Richter (G-R) law, the x-axis in Fig. 1la was a Longitude(*
cut-off magnitude, named Mc in short. For each x-value, (b) .. \

only the earthquakes which were equal to or larger than
magnitude were counted. Then the total number of selected
earthquakes during each interval was evaluated as number
per year and expressed as a y-value, corresponding to an x-
value, on a logarithmic scale. For both intervals, the G-R
curves behaved like parallel straight lines from 3.5 t0 4.4 in
M. The slope, which is fitted by linear segment of a G-R
curve, was 1.17 for the baseline interval and was 1.23 for
the change interval, separately. The slope of the curve, b-
value, indicates a relative ratio between smaller earthquakes
to larger earthquakes. Similar b-values showed similar com-
position of earthquakes smaller than 4.4 during both inter-
vals. The straight pattern of the G-R curve for the baseline T T T o T
interval extended ta. =5. On the other hand, a higher Longitude(’)

a-value showed that smaller earthquakes were more active ©
during the baseline interval. However, for the change inter-

val, the linearity of the G-R curve broke ongé&. exceeded

4.4 and the G-R curve jumped suddenly.

The Pl and RI maps obtained by applying the parameter set
from the best GA solution are displayed in Fig. 2a and b. In
each figure, only one hundred boxes which had the strongest
amplitudes were plotted as colored hotspots. The calculation
value of each box was divided by the maximum among the
selected hotspots and was displayed in a logarithmic scale.

The blue inverted triangles designate the earthquakes dur- " '
ing the change interval, from 1 October 2001 to 31 January 00T @2 o5 o3 05 o6 o7 o8 09
2008 (UTC). The green circles show the target earthquakes
during the forecasting interval, from 1 February 2008 to 31Fig. 2. (a)Pattern informatics (Pl) map arftd) Relative intensity
July 2008. The threshold of magnitude and depth of the dis{RI) map. Blue inverted triangles indicate the earthquakes from 1
played earthquakes were 5.0 and 18 km, respectively. Th®ctober 2001 71) to 31 January 2008 and green circles indicate
sizes of the earthquakes were positively proportional to theithe earthquakes from 1 February 2008)(to 31 July 2008 T3).
magnitudes. In simple visual inspection, most of the selected he magnitude threshold of all displayed earthquakes was 5.0. The

hotspots were located on or close to the epicenters of th&@alues of hotspots were normalized by the respective maximum in
Wen-chuan main shock and big aftershocks. each figure and were displayed in logarithmic scales. Red star in

. istical . hthe insert indicated the epicenter of the 2008 Wen-chuan, China
However, a rigorous statistical testing was necessary. T %arthquake.(c) Relative operating characteristic (ROC) diagram.

ROC curves for both maps are shown in Fig. 2c. The solidgroc diagram evaluated the similarity of spatial distribution be-
line designates the PI map and dotted line the RI map. Theween hotspots (in Pl or RI map) and the Wen-chuan earthquake
curve for the PI map kept locating above the one for the Risequence. Through comparing areas under curves, the Pl map per-
map until the false alarm rate reached 0.6. Furthermore, théormed better in this testing.
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areas under the curves were 0.879 and 0.656, respectivelgarthquake. They are not precise separations for each stage
Through the ROC test, the Pl map numerically proved to bein a cycle.

a better result. We suggest that the seismicity during the baseline in-
terval behaved like a combination of the first two stages,
) ) 1> Ar > 0.1, and the seismicity during the change interval

5 Discussion was in the final stage,.D> At > 0, respectively. The evo-

. i L lution of the G-R curves implied that seismic activation was
In this research, we developed a quick and objective combis, possible indicator of the Wen-chuan earthquake. But this

nation method to identify possible seismic anomalies beforésgismic activation was a mixing result considering the whole
the 2008 Wen-chuan earthquake. The seismic anomaly diSzqion researched. In fact, there were different levels of seis-
played in the Pl map showed high spatial similarity to the mic changes among all boxes. The Pl map helped us to fur-

distribution of the Wen-chuan main shock and following big yher nderstand the spatial distribution of determined seismic
aftershocks. Through studying the characteristics of the 'de”énomaly.

tified seismic anomaly, our attempt was to further understand R berina th ial distributi f sel dh
the generation of big earthquakes like the Wen-chuan earth- emembering that ;patla Istribution of se e'cte. otspots
quake. revealed an area which had the strongest seismic anomaly

The sudden jump of the G-R curve for the change intervaldu”ng change interval, the similarity of spatial distribution

indicated that, relative to smaller earthquakes, the seismicpetween selected hotspots and the epicenters of the Wen-

ity larger than 4.4 in magnitude was more active during thei\hui?nr;l eflrt:qrt:]alre si(tqur(ra]nc;e mngltgﬁ zsvwr?s ;eal:}yrhntﬁ]restmlg.
interval. We thought that this characteristic represented seis- simraranomaly patiern around the Wen-chuan mainsnoc
was also reported by Huang using the Region-Time-Length

X s | ‘ h L e
mic activation and could be referred to the seismic actlvatlon(RTL) method (Huang, 2008). In the RTL method, for a se-

hypothesis proposed by Rundle et al. (2000b).
yp ) P _p . y . ( . ) lected location at specific time each earthquake which has
Rundle’s seismic activation hypothesis was developed as . . . .
. g occurred near the location and prior to the time is used to
a model to explain a recurrence cycle of characteristic earth- S .
S evaluate the level of seismicity around it. Influence of each
quakes. The process is illustrated by three G-R law curves . . o X
N L earthquake involved is quantitatively performed by functions
in Fig. 1b. For a complete cycle of characteristic earth- . . .
. : for distance from the selected location, occurrence time and
quake, the interval length between two successive character- : .
e . - rupture length. The RTL parameter is a multiple of the three
istic earthquakes is set to 1. A parametgrindicates how . . . X
o o functions and describes decrease (negative value) or increase
time is close to the occurrence of a later characteristic earth;~ " . L .
. . . (positive value) of seismicity. Although the algorithm of the
quake. The value oAr is 1 when a previous characteristic

o RTL method is quite different than PI, both methods em-
earthquake has occurred. While time approaches graduallEghasize correlations of earthquakes in space and time. In
to a later characteristic earthquake, the value\ofcontin- :

Uously decreases. The value of reaches 0 when a later Huang’s analysis, a seismic quiescence zone is well identi-
y ' .fied around the epicenter of the 2008 Wen-chuan main shock

charqqteristic earthquake has occurred. LocaI. seismici_t y I?as the selected location) by using the CES data from 2006 to
classified roughly into two types, smgller and mtermed.lgtezom_ The spatial distribution of the seismic quiescence zone
earthquakes, by magnitude. According to the composmonls highly similar to the PI result in Fig. 2a. There seemed
of two kinds of earthquakes, a complete cycle of character- L

istic earthquakes is divided into three stages representing thté) be some kind of spatial-temporal correlation between the

evolutions of local seismicity. Throuahout a cvcle. the occur- strongest seismic anomalies and the future big earthquakes in
Y- 9 ycle, both results. However, it has still been unable to prove that

constant. This characteristic is displayed by a similar slope%e seismic anomaly which occurred before the Wen-chuan

: main shock really affected or induced the occurrence of the
of the linear part for each G-R curve. However, the rate of .
) ) . Lo Wen-chuan earthquake series.
intermediate earthquakes increases while time is approach- . ] . o o
ing to a later characteristic earthquake. In the earlier stage, Another noticeable illustration of seismic activation be-
in which At is from 1 to 0.2, there are fewer intermediate fore big earthquake is the 1999 Chi-chi, Taiwan earthquake
earthquakes. This lack is represented by a downward curvaChen, 2003). The seismic activation is explored in a dif-
which At is from 0.2 to 0.1, the rate of intermediate earth- réported to occur during 1994 to 20 September 1999 (UTC).
In the final stage, the rate of intermediate earthquakes furthefhan the Wen-chuan event.
increases and results in an uplift of the corresponding G-R The interval of the seismic activation is taken as the change
curve. This characteristic of local seismicity is seismic ac-interval, and the baseline interval is taken to begin at 1
tivation and is taken as an indicator for a later characteristitNovember 1987, which is just after the occurrence of an-
earthquakes. The values afr in all stages only represent other big earthquake. Similar to the result of the Wen-
how time is close to the occurrence of a later characteristicchuan earthquake, the Pl map evaluated shows high spatial
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correlation between selected strongest seismic anomaly anferguson, C. D., Klein, W., and Rundle, J. B.: Spinodals, scalings,

the Chi-chi earthquake series. and ergodicity in a threshold model with long-range stress trans-
Despite the two examples illustrated above, it is still in ~ fer, Phys. Rev. E, 60, 1359-1374, 1999.

doubt that seismic activation is a necessary process to gerf2en. M. and Cheng, R.: Genetic Algorithms and Engineering De-

erate a big earthquake. Since the combination of GA andGoslljgbnér;wI]Dn Vg'!eé‘z‘nse‘;’izs';%%}it’?]emv‘;\i(grgé giﬁéﬁﬁrﬂ?ﬁéﬁi?&nd

Pl showgd high efficiency in I.demlfymg Sel.smlc anomaly Machin,e Learning, Addison-Wesley Pub. Co. Reading, MA,

before big earthquakes, an instant plan is to apply the

. . 432 pp., 1989.
same strategy to other noticeable big earthquakes around ”Wolland, J. H.: Adaptation in Natural and Artificial Systems: An

world, for example, the Haiti and the Chili earthquakes in  |nyoductory Analysis with Applications to Biology, Control, and
2010. We believe that, through collecting more and more  Artificial Intelligence, University of Michigan Press, Ann Arbor.,
information about seismicity before big earthquakes, further 228pp., 1975.
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