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Abstract

In the moment-ratio imaging algorithm, which is based on the theory of healing of a wound, the energy of each
strong earthquake is distributed around the epicenter according to certain rules, and the features of the Mo-
ment-ratio value 7 are analyzed as the space and time change, so that the relationships between the moment-ration

value 97 and strong earthquakes can be found. In the present paper, regions divided, hypocenter depths and events

completed magnitude analyses were carried out in the Chinese catalogue. By applying the moment-ratio imaging
algorithm in which the parameters are adjusted, the processes of anomaly evolution which correspond to the epi-
center and the surrounding value J7 before earthquakes of M>7.0 since 1966 in different areas of China were ana-

lyzed. It was found that the range area and imminent time of a coming earthquake could be confirmed quantita-
tively by analyzing the abnormal temporal and spatial variation of the value 9. The results showed that the tempo-
ral and spatial variation of the value 97 could quantitatively reflect the temporal and spatial factors of a coming

strong earthquake as well as the rule of medium rupture.
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Introduction

After an earthquake occurs, the regional stress field will be adjusted, the stress state in the
epicenter area is relatively weak and the loaded stress at the crustal medium in the surrounding
area will relatively increase due to the energy release of the crustal rupture. When several small
and medium earthquakes occur, one or several new stress-concentrated areas will appear due to
the effect of every event. The comprehensive effect could be related to the time, space and magni-
tude of every coming event and it is the parameter function of every event. Therefore, the coming
event will be the result of the comprehensive effect (Department of Earthquake Monitoring and
Prediction, China Earthquake Administration, 2002). This point of view takes the effect of al-
ready-happened earthquakes on the regional stress field as the “cause” of a strong earthquake,
from which angle many prediction methods based on different physical models are brought out.

Since Fedotov (1965) defined the seismic gap in 1965, the concept of gap has been a focused
zone in long-term prediction of studying future risk region for a long time and its form has been
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developing all the time (Mogi, 1979; LU et al, 1982, 1983; Nishenko, 1985; HAN et al, 1989;
Wyss and Wiemer, 1999). WANG et al/ used one systematic indicator for the abnormal stage esti-
mation such as seismic dangerous degree D-value (WANG and LIU, 1987), seismic magnitude
factor Mf value (WANG et al, 1994), seismic spatial concentrative degree C value (WANG et al,
1999a), seismicity factor 4 value (WANG et al, 1999b), and used them for the medium-term and
short-term earthquake prediction.

YIN and YIN (1991), YIN et al (1994) put forward the theory of LURR (Loading and
unloading response ratio), the Y value of which can describe the earthquake development. The Y
value can quantitatively measure the progress of the earthquake development in a certain area me-
dium, thus, it is possible to use it for earthquake forecasting. While in the algorithm of M8 ad-
vanced by Russian, seven functions are used to describe various seismicity before strong earth-
quakes (M>8) and to search the time increase probability (TIP) (Keilis-Borok and Kossabokov,
1990; MA and Vere-Jone, 1997). As to the reverse tracing of precursors method, eight functions
are adopted to depict the seismicity so as to determine the possibility of the next strong earthquake
(Keilis-Borok et al, 2004).

Lomnitz (1985) analyzed the relationship between the epicenters and rupture directions of
successive earthquakes (>7.0) in Chile and Mexico, and advanced the concept of healing to ex-
plain such phenomena founded on the energy exchange and mantle convection. Then the moment
ratio imaging (MRI) algorithm was developed (Lomnitz, 1993, 1994, 1996a). With the algorithm,

the normalized residual moment was calculated, and the variations of value 9 prior to strong
earthquakes were compared in the areas of Chile, Mexico and Japan. It was found that with the
appearance of high values 9 the strong earthquakes would occur in certain regions.

In the present paper, the MRI algorithm is adopted to analyze the earthquakes (M>7.0) since
1966 in China, so as to look for methods of suitable parameters within China from different points
of view, and to analyze the features of the spatial and temporal variation of the value J7 prior to

strong earthquakes.

1 Algorithm of moment ratio imaging

1.1 Basic theory

Suppose that an earthquake of seismic moment M, occurs at =0. Since M, equals the dis-
placement times the area of rupture and since we lack direct measurements of either, the best way
is to replace the area of rupture with M, equally. Let us call this area a scar. Now as the scar heals,
its size decreases exponentially with time:

my () = M, exp(=0.69315%¢/7) (1)

where M, is the initial seismic moment, namely, the initial size of the scar. The constant —0.693 15
is In(1/2), when =7, my=M,/2, such a constant can be got. 7 is the half-life of the seismic moment
M,, which is the last time when m equals half of M. my is called the residual moment ¢ years after
the event.

Equation (1) describes the healing process of a single event. However, an event does not
happen individually, it occurs under the effect of the inner structural system and that between the
tectonic blocks. At the same time, the occurrence of an event will definitely affect the surrounding
area. The way of expressing such an effect is to distribute the moment M, within one region
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around the epicenter according to a certain rule.
Furthermore, by assuming the rupture process as a linear overlap of moment anomalies in
space and time, we may generalize this result for continuous plate boundaries, that is

—0.69315x¢ d —0.69315%x(t—t,)
my(t) = My exp(————)+ ) M, eXp{ ’ (2)
T = T
where My, My,,++, My; are the major earthquakes in the segment during the preceding time in-

terval [0, 7].

When an earthquake occurs, its moment M, is accumulated. Then it is multiplied by
exp(—0.69315xAy) iteratively for every time step Az. Carry out the same procedure for each region,
then we obtained graphs of the residual moment m, along a plate boundary.

In order to compare the healing process between regions with different levels of earthquake
activity, a more practical way of imaging residual moment is to calculate the normalized moment

g{ — MOtot (3)

end,

D my(t)

1=t,

The nondimensional value 97 is called the moment ratio. Here My, is the total accumulated

seismic moment released by the region over the time spanned by the catalogue. The sum in the
denominator, which is calculated by equation (2), is the residual seismic moment in the region up

to time z.ng. Thus, the value J7 is the reciprocal of the normalized residual moment. The purpose
for doing this is to turn every bounded trough in my into an unbounded peak in J7. The procedure

of graphing #' variation with time in different regions is called moment ratio imaging (MRI)

(Lomnitz, 1994).
1.2 Half-life time of seismic mo-
ment anomaly

One of the main problems is how
to set the parameter 7 in equation (1)
when MRI algorithm is applied to
studying the characteristics of seismic
gaps preceding strong earthquakes in
China. Lomnitz (1985) studied the rela-
tionship among the time, length and
direction of the ruptures in 8 earth-
quakes (M>7.0) since 1822 in Chile

/()

L TR R !

(Figure 1), and found that rupture 1850 1900 - 1950 2000
length would decay exponentially with
time, so he set 20 years for 7 in the re- Figure 1 The attenuation process of seismic rupture
gion. (Lomnitz, 1994)

When Lomitz (1994) sudied the T s o e e
relationship of the locations among all the bars stand for the initial rupture length of the earth-

quakes, and the curves describe the healing process of the

earthquakes, one can see from Figure 1 ) .
ruptures exponential attenuation

that the rupture directions are based on
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the latitude direction, which is very convenient in the regions surrounding the Pacific Ocean. The
reason is that the rupture directions in these regions are usually along the direction of longitudes,
so the location of the epicenter; the rupture length and the rupture direction of each earthquake in
the regions can be compared directly to decide the parameter z. While in the regions selected in
the paper, the rupture directions of earthquakes vary to a great extent, so this method is unsuitable.
Since the physical meaning of half-life time is the last time when my equals half of M,, and the
earthquake repeat period is the last time of seismic moment complete attenuation, there would be a
certain ratio relationship between the half-life time 7 and the repeated period. Thus, the Guten-
berg-Richard magnitude-frequency relationship (G-R) is used to calculate the repeat period T),
(LIU, 2004; Schorlemmer and Wiemer, 2004) in the paper. According to the value Ty, different
ratios ¢ are selected, and by equation (4)

7=T,Xx 4)
the half-life time 7 of different magnitude will be got and put into MRI algorithm. The main reason
to select different ratios ¢ is that the quantitative relationship between the repeat period 7}, and the
half-life time 7is unknown.

1.3 Scheme of energy distribution

? Besides the problem of setting the val-
< Z ues of 7 when MRI algorithm is used, an-
gé 5 other problem is to set the scheme of energy
E 5 0% distribution, that is, how to distribute the
z ., seismic energy in space. Based on the
?;-4 30% analysis of spatial distances of successive
gi—s earthquakes (M>7.0) from January 1, 1900

-8 : ; : , to December 31, 1989 around the globe,

R PR W S Lomnitz (1996b) found that the distance

variation between two successive earth-
quakes follows the rule of spherical Bessel
function. Combined with aftershock pattern,

Figure 2 Sketch of energy distribution of Mexico
Hat model
70% of the moment is distributed in the distance
0°~3° (135° backlash area), each grid is 1/36; no Lomnitz advanced the “Mexican Hat” model

moment is distributed in th? d%stapce 3°~.5° (blale and explained it from the physical mecha-

area); 30% of the moment is distributed in the dis- . .

tance 5°~8° (45° slash area), each grid is 1/156 nism  perspective. The scheme of energy
distribution is shown in Figure 2.

However, it seems abhorrent to the theory of seismic wave propagation if the middle gap sec-
tion is distributed without energy. It is hard to understand that energy propagation will jump the
gap section and only leave behind the energy at two ends. Furthermore, the degree 8 is got ac-
cording to the global catalogue. Is it suitable for Chinese mainland? And what is the way of energy
distribution with magnitude between 5.0 and 6.9? Here the Chinese catalogue from January 1,
1900 to December 31, 2004 with magnitude of more than 5.0 is selected, and the spatial distance
frequencies of successive earthquakes are studied, so as to decide the way of energy distribution
within different magnitude span.

2 Data and its management

The seismic catalogues used here include two parts. The Chinese mainland catalogue covers
a span from the time when there is record to the end of 2004, in which the catalogue from the 23th
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century BC to 1911 is taken from “Historical Strong Earthquakes in China” (Department of Disas-
ter Prevention, State Seismological Bureau, 1995), and the catalogue from 1912 to 1990 is taken
from “China Modern Earthquakes Catalogue” (Department of Disaster Prevention, China Seis-
mological Bureau, 1999). The catalogue after 1991 is taken from the CO1 files in Chinese Earth-
quake Network Center, China Earthquake Administration. The Taiwan Catalogue is from Statisti-
cal Seismological Library® (SSLib), which covers the time span from January 1, 1900 to Decem-
ber 31, 2003.

According to the catalogues above, the management in this paper includes the following three
parts (HUANG et al, 2005):

1) Sub-regions selection. According to the seismic regions divided within China by LI (2003),
together with the locations of epicenter (M>7.0) in “Earthquake Cases in China” (ZHANG, 1988,
1990; CHEN, 2002a, b), North China, Northwest China, Southwest China and Taiwan are selected
as the study subject.

2) Depth of shallow events selection. In Table 1, the information regarding all the target
events is listed. Only shallow earthquakes are selected and analyzed. Firstly, three analyses are
carried out in the paper: © On a certain fixed depth segment, the frequencies of events are ana-
lyzed with difference magnitude scales in order to look for the magnitude scale which can reflect
the depth change; @ on a certain fixed magnitude scale, the frequencies of earthquakes are ana-
lyzed with difference depth segments; @ All the events are projected along the vertical direction
of the major tectonic structure zones within one region, and the plots of depth profile can be ob-
tained. Then by combining these analyses, the depth range of shallow earthquakes can be set
within different regions.

Table 1 The information of studied earthquakes

No. Sub region Earthquake afritf d oN/(°) Ae/(°) M Depth/km Remark

1 NC Xingtai 1966-03-22 375 115.1 72 9 E

2 NC Bohai 1969-07-18 382 119.4 7.4 35 E

3 SW Tonghai 1970-01-05 24.1 102.6 7.7 13 E

4 SW Luhuo 1973-02-06 315 100.4 7.7 17 E

5 SW Daguan 1974-05-11 282 104.1 7.1 10 E

6 NC Haicheng 1975-02-04 40.65 122.8 73 12 E

7 SW Longling 1976-05-29 39.56 118.0 7.8 1 E

8 NC Tangshan 1976-07-28 39.56 118.0 7.8 11 E

9 SW Songpan 1976-08-16 325 104.3 72 23 E
10 Taiwan  Taiwan Strait 1994-09-16 225 118.73 72 19 E
11 SW Menglian West 1995-07-12 22.04 99.20 72 13 E
12 Taiwan  Chichi 1999-09-20 23.85 120.81 73 8 SSLib
13 NW Kunlun = Moun- ) 11 14 35.93 90.53 8.1 10 C

tain West

Note: In the column of sub-region, NC stands for North China, NW for Northwest China, SW for Southwest China; in the column of
remark, E stands for earthquake cases in China, C for China Earthquake Net Center.

3) Complete magnitude selection. Within different periods, the density and the record accu-
racy of seismic stations are different. According to previous research results (Gutenberg and Rich-
ter, 1944, 1954; Ustu, 1990), within some space and time period, the frequencies of all earth-
quakes satisfy the relation of G-R, but actually the deviation of events from the fit-line in the loga-

© Harte D S. 1998. Documentation for the statistical seismology library. School of Mathematical and Computing, Sciences Research
Report, 93~98.
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rithm of frequency and magnitude plot is always great for events with small and large values of
magnitude. This phenomenon is generalized as the incompleteness of records (CHEH et al, 2003;
CHEN et al, 2002; WANG et al, 2004). In the present paper, the deviation point of the G-R rela-
tion for small events was searched in order to set the magnitude cutoff M, in each time segment.
The sketch of the fitting method is shown in Figure 3. In the plot of the G-R relation, started from
the minimum magnitude M,, a group of data with the percentile of 5%~15% and another group of
data with the percentile of 25%~75% (the percentiles can be moving adjusted) are selected to fit
two lines respectively, then the crossing point of the two lines is considered as the magnitude cut-
off M.. In the paper, the catalogue is di-
vided by equal numbers of the events to
get the M, in each time period, and to-
gether with the yearly frequency with
events of M>5.0, their starting time can be
confirmed.
Based on the management of the
! three parts above, the catalogues with
0.5 L0 1.5 20 2.5 3.0 3.5 40 45 M=5.0 are obtained in each region (Table
2). For the time periods and depth ranges
Figure 3 Sketch of fitting G-R relation to search the are the same in the east and west regions
deviation point for small event in Taiwan, the two regions are united into
one in the parameter analysis of MRI.

Table 2  Selected earthquakes with #/>5.0 in each region

Time span

Sub-region a-mo-d Depth/km Number of earthquakes
North China 1480-01-01~2004-12-31 0~35 333
Northwest China 1900-01-01~2004-12-31 0~40 504
Southwest China 1900-010-1~2004-12-31 0~35 771
Taiwan 1900-01-01~2003-12-31 0~40 631

3 Calculation results and analysis

3.1 Parameters decision
Applying different ¢ into equation (4), then the values 7 of different magnitudes are got. Here
«is 0.01,0.02, ---, 0.1, 0.2, ------ and 1.0. The rule to get the best ¢ is that the value % at the epi-

center minus the value J7 around the epicenter and the difference should be more than 0.5, so as to

easily visualize the high value at the epicenter. The results show that the best ¢ is 0.1.
The ratios k; is the number of events in the ith region divided by the total number of the
events in all regions, and it is calculated by equation (5)

. )

i iNl

i=1

Where W, is the number of events within ith degree distance to the epicenter in the magnitude scale
shown in Table 3, and £; is the ratio for ith degree. For different magnitude scales, the value j de-
pends on the statistical relation between magnitudes and rupture lengths (ZHANG et al, 2001).



No.5 HUANG lJian-ping et al.: DEVELOPMENT AND APPLICATION OF MOMENT-RATIO IMAGING 575

The results are listed in Table 3.

Table 3 Ratios of energy distribution within different distances

) Distance to epicenter/(°)
Magnitude scale

1 2 3 4 5 6 7
5.0~5.3 1.00 0 0 0 0 0 0
5.4~5.8 0.854 0.146 0 0 0 0 0
5.9~6.4 0.72 0.118 0.162 0 0 0 0
6.5~6.8 0.78 0.06 0.100 0.05 0.01 0 0
26.5 0.647 0.163 0.02 0.036 0.043 0.041 0.049

As is seen in Table 3, the maximum distance varies with different magnitude scales. Even
within the same magnitude, the ratio varies with the epicenter distance. By applying these pa-

rameters into the equation (3), the image of value ' preceding each target earthquake can be got.
3.2 Characteristics of value 5
Among the 13 study cases, the variation characteristics of value % in 12 events are compati-

ble, that is to say, started from a certain time preceding the target earthquake (Table 4), the value 97

in the future epicenter is relatively and abnormally high than that in the surrounding area. If no
other strong earthquake occurs in the surrounding area, then the abnormal range will increase con-

tinually until the event comes. Otherwise, the range of value J7 near and in the epicenter will de-
crease due to the effect of the surrounding strong earthquakes, but in the future epicenter area the
value J7 is still relatively high. After the target earthquake, the high abnormal value J7 will disap-

pear in the epicenter and surrounding area, and the value J7 will turn low in the epicenter. While in

Longling earthquake in Yunnan Province, the value 9 preceding the event increased continually,
but it did not decrease after the event and remained relatively high.

Based on the analysis of the studied cases, the average warning values of Jr are found (Table
4). When the value J7is larger than the warning value, the region will be in risk duration. The risk
is dependent on the value J7 in one region, namely, the higher the value 97 is, the more possible
that there will be a strong earthquake, and the shorter it is before the strong earthquake occurs. As
is seen in Table 4, except the smaller warning value J7 in North China, the warning values 97 are

almost the same in the other three regions, which is in accordance with the regional seismicity.

Table 4 Characteristics of J7 values in studied regions

Regions Duration of the value Ji'/a Maximum of value I Averages warning value '
North China 20~25 5.8 3.5
Northwest China 15~20 6.9 39
Southwest China 15~20 7.2 4.0
Taiwan 15~20 6.6 4.0

3.3 Features of value 97before and after strong earthquakes
Tangshan earthquake on July 28, 1976 was researched as an example in North China, in order

to illustrate the features of the spatial and temporal variation of the value 97 (Figure 4).
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As is seen in Figure 4, the value J7 in the epicenter area of Tangshan (7: x-axis in Figure 4)
was relatively high and continued rising preceding Xingtai earthquake in 1966. After 1966, the
value J7 dropped in the epicenter area of Tangshan whenever a strong earthquake of M=7.0 oc-
curred, including Xingtai, Bohai Sea and Haicheng events, but it was still relatively high. Besides,
the variation characteristics of the value 9 in the epicenter before and after Bohai Sea earthquake
can also be seen in Figure 4: The value 97 increased continuously before Bohai Sea event, and the

previous event within the distance of 7 degrees (Xingtai event) would decrease the value 97 in the

area, thus the value J7 dropped to a trough after Bohai Sea event.

4+

No.of area No.of area

Figure 4 The spatial and temporal variations of Figure 5 The spatial and temporal variations of

the value 97 shown in the area of 7 de-

grees along the west and east of the
latitude direction round Tangshan
carthquake (28 July 1976) epicenter
o=0.1, and the low magnitude is 5.0. The hori-
zontal axis is the location coding along the lati-
tude direction of the epicenter. The figure
shows 14 cells in the area of 7 degrees along the
east and west direction of epicenter, and the
Xingtai earthquake, Tangshan earthquake,
Bohai Sea earthquake and Haicheng earthquake
occurred in the cell of 4, 7, 9, and 12 respec-
tively. Each line is the year of the ending for the
value J7, which is the year of 1951, 1956, 1961,
1966, 1971, 1976, and 1981 respectively

the value J7 shown in the area of 7 de-

grees along the west and east of the
latitude direction of Luhuo earthquake
(February 6, 1976) epicenter

o=0.1, and the low magnitude is 5.0. The
horizontal axis is the location coding along
latitude direction of the epicenter. The figure
shows 14 cells in the area of 7 degrees along
the east and west direction of epicenter. Each
line is the year of the ending for the value J,
which is the year of 1948, 1953, 1958, 1963,
1968, 1973, and 1978 respectively

The variation of the value 4 in the epicenter and the surrounding area before and after Luhuo,
Sichuan earthquake on February 6, 1973 is shown in Figure 5. It can also be seen that the value J7
in the epicenter area increased (from 1948 to 1963). The significant drop of the value J7 in the
epicenter area in 1968 was the effect of an earthquake (M=7.0) occurred in the northwest region of
the epicenter area on April 19, 1963. Later on, the value J7 kept rising, then it decreased after Lu-
huo event. Although the value 97 in the epicenter area did not drop to a trough after the event as

that of Tangshan event, it was already below the average warning value, which followed the gen-
eral rule of variation.
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Figure 6 The spatial and temporal variations of the value J shown in the area of 7 degrees along the west

and east of the latitude direction round Tangshan earthquake (February 6, 1976) epicenter
=0.1, and the low magnitude is 5.0. The epicenter of Tangshan earthquake is located on 39.56°N, 118.0°E. The
gray circles present the epicenter of earthquakes (M>7.0) during different time period, and the numbers show the

dates of earthquakes. (a) 1942 1946; (b) 1947 1951; (c) 1952 1956; (d) 1957 1961; (¢) 1962 1966; (£) 1967 1971; (g)
1972 1976; (h) 1977 1981

In order to present more clearly the spatial variation of the value J7 before and after Tangshan

earthquake, the contour of the value J7in the area of Tangshan earthquake was shown in Figure 6.
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As is seen in Figure 6, 30 years before Tangshan earthquake, there was a relative anomaly of
the value 9" around the epicenter in the figure of 1946 (Figure 6a). Moreover, there was a peak in

the southwest part, which corresponded to the location of the epicenter area in Xingtai earthquake.
Till 1951 (Figure 6b), the two abnormal regions were united into one abnormal area, and the

maximum of the value 9 was in Tangshan area. At this time, the abnormal area was obviously lar-
ger than that in 1946, extending from 0.5 to 3 degrees, and the value 97 arose from 3.4 to 4.5. In the
next 10 years, the space range of the abnormal value J7 further extended (Figure 6¢ and 6d)), and
the significance of the abnormal value J7 enhanced. After Bohai Sea and Xingtai event occurred one
after another, the value J7 decreased from above 3.0 to below 3.0 in the whole area. Especially in
the epicenter of Xingtai event, the value 9 dropped from 4.1 down to 0.6, while there was no sig-
nificant difference between the value 9 in the areas of Tangshan, Xingtai, Bohai Sea and Haicheng
(Figure 6e and 6f)). After Haicheng earthquake, there was an obvious abnormal value 4 in the epi-

center of Tangshan (Figure 6g), the range of which was lower than the value in patterns of
1946~1961, and the high value 97 covered about 4 degrees, that is 2 degrees around Tangshan area.

Finally after the Tangshan earthquake, the high value 9 area disappeared (Figure 6h).

According to the analysis of Figure 4 and 5, the regional high abnormal value 97 could reflect
the seismic risk. A good relationship was reflected between Tangshan earthquake and the varia-

tions of the value 9 calculated by MRI algorithm.

4 Discussion and conclusions

In the present paper, the methods to calculate and adjust parameters were advanced based on
the MRI algorithm. The variation characteristics of the value 9 before and after the earthquake
were studied in the epicenter and surrounding area of 13 earthquakes, and the quantitative rela-
tionship was obtained between the variation tendency of the value 9 and the future regional
earthquake, that is, when the regional value 97 exceeded the warning value J, a strong earthquake
would occur. The regional warning values 9 were different in different regions. Furthermore,
when there is a strong earthquake occurrence in surrounding area, the regional warning value 9/
will be affected and drop.

The characteristics of temporal variation of the value /7 in the same region were also shown
in the results. Such variation characteristics were consistent with the medium rupture processes,
that is, when there is no strong earthquake in surrounding area, the value 97 will increase gradually,

which means that the seismic risk rises gradually. This reflects the regional energy or
stress-accumulated process. When the accumulated energy was up to some extent, the regional

value ¥/ also reached to the warning level. When a strong earthquake occurred in surrounding area,
the stress field was readjusted due to the released stress, which made the value J7 drop. But at this

time the medium was broken through the original rupture level, so it would be ruptured by rela-
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tively small energy. Therefore, even though the value J7 was small, there would still be a strong

earthquake.

The methods of parameters calculation here are based on a certain physical meaning, so it is
important for the methods of parameters calculation. According to the features of seismicity in
China, Lomintz’s method (1993, 1994, 1996a) was not used to determine the half-life 7. Instead,
the calculation method of parameter  was based on the concept of earthquake cycle and the ad-
justment of the parameter ¢ so as to get the 7 for best accordance with the factual seismicity.

For the scheme of energy distribution, Lomnitz’s idea (1993, 1994, 1996b) was used for ref-
erence and a smoothing analysis was done further. In this paper, the relationship between the long
axis of background gap and magnitude, rupture length and magnitude, and concept of the earth-
quake triggering, etc. were considered, the disadvantage in Mexico Hat model where there is a gap
without any energy was supplemented, which made it better accord with the seismicity features in

China. As is seen in Figure 4, the value J7 in the epicenter area in Tangshan was affected by sev-

eral earthquakes preceding Tangshan event, but such effect was conditioned by distance. That is
why different weight factors were set in different distances for the energy distribution.

There are still some issues for further research in the MRI algorithm. For example, the me-
dium is considered symmetrical and simplex. How is the energy redistributed quantitatively ac-
cording to tectonic features in different directions? These are some jobs for further study.
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