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Abstract 
On the basis of gap’s temporal-spatial characteristics in and around source area before an earthquake, we propose a 
method to estimate characteristic parameters (characteristic distance and time) in the region-time-length (RTL) 
algorithm and introduce the method of correlation coefficient developed by some authors in 2006 to determine the 
characteristic parameters. The anomalous seismic activities before four moderately strong earthquakes occurred in 
the northwestern and southwestern China in recent years are studied by the two methods. The results show that the 
method to estimate characteristic parameters advanced in this paper is a simple one, which possesses a physical 
meaning and is well applicable to the four moderately strong earthquakes studied. 

Key words: RTL algorithm; characteristic distance; characteristic time 
CLC number: P315.0   Document code: A 

Introduction 
The region-time-length (RTL) algorithm brought forward by Sobolev et al (1997) has been 

widely used in studying precursory characteristics of seismic activities (activation and quiescence) 
before moderate, especially strong earthquakes (Giovambattista and Tyupkin, 2000; Huang et al, 
2001, 2002; JIANG et al, 2004; LIU and SU, 2006). These studies have revealed that seismic 
anomalous activities including activation and quiescence are detected to different extends before 
main earthquakes for all the studied examples. 

There are two important parameters, i.e., characteristic distance and characteristic time in the 
RTL algorithm. In the previous studies, the two parameters are determined experientially, as a re-
sult, the authors’ subjectivity might be included to a certain extent. In this paper, we attempt to 
propose a method for estimating the two characteristic parameters in the RTL algorithm and then 
apply it to the study on precursory characteristics of seismic activities before four moderately 
strong earthquakes occurred in the northwestern and southwestern China in recent years. 

1 RTL algorithm 
The so-called RTL algorithm is to construct R, T and L functions at temporal-spatial point (x, 
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y, z, t) as follows. 
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In the above equations, R(x, y, z, t), T(x, y, z, t) and L(x, y, z, t) represent respectively the epi-
central distance, time and rupture length functions, and Rbg(x, y, z, t), Tbg(x, y, z, t) and Lbg(x, y, z, t) 
are their background values, i.e., the linear trend after linear regression of R, T, L in the selected 
time period. li and ti denote the rupture dimension and occurrence time of the ith earthquake. ri 
indicates the distance from the point (x, y, z) to the epicenter of the ith event. And VRTL(x, y, z, t) is 
the RTL function. It is apparent from equations (1), (2) and (3) that the weight of rupture length is 
smaller than those of epicenter distance and time. Considering the notable variations of earthquake 
strength or energy before the main shock, JIANG et al (2004) changed equation (3) into an expo-
nent form to strengthen the effect of rupture length  
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and normalized equation (4) to 
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It makes the VRTL function changing within [−1, 1] and the expectation value is zero. VRTL>0 or 
VRTL<0 imply respectively seismic activation or quiescence upon background values.  

In the actual calculation, the following constraint conditions are introduced.  

minMM i ≥  (7) 

0max 2rRri =≤  (8) 

0max 2tTti =≤  (9) 

0ddi ≤  (10) 

Where Mmin is the cut-off magnitude, which is related to the completeness of the earthquake cata-
logue and is determined by the Gutenberg formula. Mi is the magnitude of the ith event. di is the 
focal depth of the ith event and d0 is the cut-off depth. Generally, earthquakes with all depths in 
the catalogue are selected. r0 and t0 are the characteristic distance and time, respectively. 

It is evident from equations (1~3) and equations (8) and (9) that the two characteristic pa-
rameters r0 and t0 not only affect directly the values of R, T and L, but also determine the range 
and duration of the events calculated, so as to affect the final value of VRTL(x, y, z, t). It shows the 
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importance of these two parameters in the RTL algorithm. For selecting r0 and t0, the previous au-
thors generally gave a synthetical consideration for rupture length and location precision, and then 
tried artificially from their experiences to determine by test calculation in a certain range of dis-
tance and time. This method has subjectivity to a certain extent. 

2 A method for determining characteristic parameters 
Considering the importance of characteristic parameters in the RTL algorithm, CHEN and 

WU (2006) proposed a method to determine the two characteristic parameters by calculating the 
correlation coefficient of a set of r0 and t0 and applied it to the 1999 Chi-Chi earthquake, Taiwan. 
This method can acquire mathematically a relatively steady pattern of RTL function by using the 
obtained r0 and t0. 

In fact, the anomalous seismic activities including activation and quiescence in and around 
source areas before moderate and strong earthquakes have already drawn more attentions. It is 
well known that a gap of seismic activity would occur before a moderate or a strong earthquake. 
The gap is actually the region with anomalous seismic quiescence before main shock. Mogi (1997) 
brought forward two kinds of concept for seismic gap. This paper refers to the gap formed by 
small earthquakes before a moderate or a strong earthquake. 

Many researchers have discovered that the size (dimension) and duration of gap are related to 
a certain extent to the magnitude of the coming main shock. HAN and XI (1984) studied the gap’s 
characteristics using a method of R-t figure on the basis of synthetical consideration of spatial and 
temporal factors. The so-called R-t figure involves setting the epicenter of the largest earthquake 
in the studied region as the origin and the time as the x-coordinate and calculating the distance R 
between the small events and the origin from the time as earlier as possible to obtain the R-t figure. 
If earthquake absence appears near the x-coordinate, it implies seismic quiescence of small earth-
quakes appearing in the corresponding duration around the epicenter. From the obtained R-t figure, 
the duration and the maximum spatial dimension of gap can be estimated. 

HAN and XI (1984) obtained the empirical relations between the spatial dimension, the ap-
pearing duration of gap and the magnitude of main shock from 10 earthquake examples as fol-
lows. 

32.133.2lg50.5 max ±−= RM  (11) 

06.194.2lg98.2 ±+= TM  (12) 

Where Rmax is the maximum dimension of gap in the unit of kilometer, T is the appearing duration 
in the unit of month. Equations (11) and (12) are linearly correlated with the significance level of 
0.10 and 0.01, respectively. 

Since the gap and seismic quiescence in the RTL algorithm are the phenomena based on the 
same physical mechanism, it clews us taking the gap’s dimension and appearing duration as the 
characteristic distance and time in the RTL algorithm as follows. 

33.2lg50.5 0S −= rM  (13) 

94.2lg98.2 0S += tM  (14) 

It should be pointed out that at first we take the gap’s temporal-spatial dimension expressing 
the quiescence of seismic activity as the characteristic time and distance to detect the seismic qui-
escence before a great earthquake. The so-called “seismic quiescence” refers to the lower level of 
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seismic activity under the background level before a great earthquake, which is due to larger en-
ergy concentration than release in the duration. The longer the quiescence time, the larger the qui-
escence range, and the higher the energy concentration is, the greater the coming earthquake will 
be. On the basis of the one-dimensional gliding-block model for earthquake preparation and oc-
currence, Hainzl et al (1999) improved it to a two-dimensional gliding-block model, which is ca-
pable to simulate not only the more realistic fault system, but also the seismic phenomena like 
seismic quiescence, foreshock, aftershock, etc. Moreover, Hainzl et al (2000) approved that the 
seismic quiescence can be taken as a precursory index for a coming great earthquake. Therefore, 
the seismic quiescence relative to the background level is a kind of very important precursor be-
fore a moderate or a strong earthquake. The abnormity of higher seismic activity level than the 
background (if it exists) can also be detected by the RTL algorithm, since the seismic quiescence 
and activation are relative to the background. Secondly, the equations above are obtained experi-
entially by studying a number of earthquake examples and the experiential relations in different 
regions are different to a certain extent, so the obtained characteristic distance and time are 
changeable in a certain range, which should be approved in the studied area. 

3 Precursory characteristics of seismic activities before four 
earthquakes 

For comparison, the anomalous seismic activities before four moderately strong earthquakes 
occurred in the northwestern and southwestern China in recent years are studied by the character-
istic distance and time calculated from equations (13) and (14) and the method of correlation coef-
ficient, respectively. The two results are shown as follows. 
3.1 Data 

The four earthquakes in Table 1 are studied in detail. 

Table 1 Seismic parameters of earthquakes studied 
Epicenter Date 

a-mo-d 
Origin time 

h:min:s 
 

ϕN/° λE/° 
MS Location 

2000-09-12 08:27:31  35.56 99.64 6.4 Xinghai, Qinghai 
2003-07-21 23:16:30  25.95 101.24 6.2 Dayao, Yunnan 
2002-12-14 21:27:29  39.82 97.33 5.9 Yumen, Gansu 
2003-10-25 20:41:36  38.35 100.93 6.1 Shandan, Gansu 

 

On the basis of the earthquake catalogue publicized by Institute of Earthquake Science, Chi-
nese Earthquake Administration (CEA), we select a square region with the side length of 4° cen-
tering at the epicenter of the studied earthquake and the data of five years prior to the event for a 
detailed study. And we estimate the completeness of earthquake catalogue by the fre-
quency-magnitude power law (Gutenberg formula) 

bMaN −=lg  (15) 

to determine the minimum magnitude (Figure 1). It is apparent from Figure 1 that the minimum 
magnitude selected is 2.0 for Xinghai MS6.4, Dayao MS6.2 and Yumen MS5.9 earthquakes, and 1.5 
for Shandan MS6.1 earthquake.  

If a large event occurs before the studied earthquake in the selected temporal-spatial range, its 
aftershocks will inevitably affect the background seismicity and bring about disturbance to the 
anomalous characteristics (see next text). However, it is very complex to delete aftershocks. REN  
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Figure 1 Magnitude-frequency curves for earthquakes in the selected temporal-spatial range 

(a) Xinghai MS6.4; (b) Dayao MS6.2; (c) Yumen MS5.9; (d) Shandan MS6.1 

(2005) created a method to quantitatively delete aftershocks on the basis of many methods. In this 
paper, we use her method to delete the aftershocks of MS≥5.0 earthquakes in the seismic catalogue 
in the selected temporal-spatial range. 
3.2 About rupture length 

The rupture length of an earthquake is related to its magnitude, we use GUO and QIN’s for-
mula (1991) 

LM lg1.23.3 +=  (16) 
to calculate the rupture length 

57.148.010 −= ML  (17) 
Where the unit of rupture length is kilometer. 
3.3 RTL’s calculation and results 

CHEN and WU (2006) derived the two characteristic parameters by the method of correlation 
coefficients. The method is that for a given characteristic distance r0, by changing the characteris-
tic time t0 with a certain step length in a possible range, the RTL functions of each combination of 
r0 and t0 are calculated, and then the correlation coefficients are computed. Their average value is 
just the correlation coefficient of the given characteristic distance. Then by making the character-
istic distance changing with a certain step length in a certain range, the correlation coefficients of 
each characteristic distance are computed using the same method mentioned above. Finally the 
characteristic distance with the maximum correlation coefficient can be selected as the one to cal-
culate the RTL functions. The characteristic time with the maximum correlation coefficient can 
also be obtained by the same method. 

The correlation coefficients of characteristic distance and time obtained by the 
above-mentioned method for four earthquakes are shown in Figure 2. The characteristic distance 
and time can be obtained from the corresponding maximum correlation coefficients. For the 
earthquake with the correlation coefficients in the rough in a certain range, the characteristic dis-
tance and time can be determined by test in this range. The characteristic parameters obtained 
from correlation coefficients and equations (13) and (14) are shown together in Table 2. 

The RTL functions are calculated from the characteristic parameters obtained by the 
above-mentioned two methods, which are shown respectively in Figure 3. 

Table 2 Characteristic parameters obtained by two methods 
r0 and t0 at maximum correlation coefficients r0 and t0 obtained by equations (13) and (14) 

Events MS 
r0/km t0/day r0/km t0/day 

Xinghai 6.4 62 840 42 507 
Dayao 6.2 77 630 36 372 
Yumen 5.9 30 330~1000 31.4 295 

Shandan 6.1 20, 50~80 450, 630 34.1 345 
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Figure 2 Characteristic parameters calculated by correlation coefficient method 
(a1) Xinghai MS6.4 characteristic distance; (b1) Dayao MS6.2 characteristic distance; (c1) Yumen MS5.9 
characteristic distance; (d1) Shandan MS6.1 characteristic distance; (a2) Xinghai MS6.4 characteristic time; 
(b2) Dayao MS6.2 characteristic time; (c2) Yumen MS5.9 characteristic time; (d2) Shandan MS6.1 characteris-
tic time 

 
Figure 3 VRTL functions for four studied earthquakes 

(a) Xinghai MS6.4; (b) Dayao MS6.2; (c) Yumen MS5.9; (d) Shandan MS6.1 
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In Figure 3, the left figures show the results using characteristic parameters obtained by equa-
tions (13) and (14); the right figures show the results using characteristic parameters obtained by 
correlation analysis. The vertical lines and corresponding values indicate the moderately strong 
earthquakes occurred before the main shock in the region studied, and the digits within the bracket 
after magnitude are the numbers of the earthquake 

5 Discussion and conclusions 
1) In this paper, two methods are used for estimating the characteristic parameters in the RTL 

algorithm. One is the method to calculate correlation coefficients proposed by CHEN and WU 
(2006), the other is to calculate characteristic distance and time by using equations (13) and (14) 
proposed by us on the basis of gap’s temporal-spatial characteristics. It should be noticed that 
CHEN and WU’s method for calculating correlation coefficients was only used for one event, i.e., 
the Chi-Chi earthquake in Taiwan and good results are obtained. As to the four earthquakes stud-
ied in this paper, good result is obtained for one earthquake (Xinghai MS6.4); the only position 
with the maximum correlation coefficient is not obtained for some earthquakes (e.g., Yumen 
MS5.9 and Shandan MS6.1); and obviously unreasonable characteristic parameters are obtained for 
some earthquakes (e.g., the characteristic distance of 20 km for Shandan MS6.1). The calculation 
of RTL functions in these conditions still needs determining characteristic parameters by test, 
which brings a certain difficulty for using the method of correlation coefficients in practice. 

2) It is apparent from the comparison of results in Figure 3 that the curves of RTL functions 
with approximately the same change can be obtained from both methods, but we can see that the 
results of characteristic parameters calculated by equations (13) and (14) based on gap’s tempo-
ral-spatial characteristics are better than that by CHEN and WU’s method and the amplitudes 
showing seismic quiescence and activation are relatively large. For Dayao earthquake, the seismic 
activity shows a higher level near the year 2000, because a larger characteristic distance (77 km) is 
obtained by the method of correlation coefficient and more events are calculated in this range. As 
a kind of seismic precursor, seismic quiescence is more reliable than high activation as mentioned 
above. This is because that the minus values of RTL function (lower seismic activity) are induced 
only by possible absence of seismic catalogue rather than other factors in the calculation. While 
the high values of RTL are easily caused by seismic background, aftershocks, swarm earthquakes, 
or even larger moderately strong earthquakes. 

3) Deleting aftershocks is more effective on the results, especially for the area with frequent 
moderately strong earthquakes like Yunnan. The RTL functions of Dayao earthquake before and 
after the deletion of aftershocks are shown in Figure 4 as an example. 

It is evident from the comparison between (a) and (b) in Figure 4 that the MS≥5.0 earthquakes 
occurred frequently in 2001 lead to a higher level of seismic activity, which is restrained in the 
curve of RTL function after aftershocks are deleted. 

4) Our purpose to study the characteristics of anomalous seismic activity by the RTL algo-
rithm is to apply the method to the prediction of great earthquake in an area, i.e., to do scanning 
and searching for the area concerned. If we use the method of correlation coefficient to estimate 
characteristic parameters, a large number of calculations will be needed for each area. Moreover, 
on the basis of CHEN and WU’s results (2006), it is possible to obtain unreasonable characteristic 
parameters with the maximum correlation coefficient, which needs artificial determination of 
characteristic parameters in this case. Therefore, it is difficult to apply this method to realistic pre- 



 ACTA SEISMOLOGICA SINICA Vol.20 272 

 
Figure 4 VRTL function before and after the deletion of aftershocks for Dayao MS6.2 earthquake 

(a) Aftershocks are deleted；(b) Aftershocks are not deleted. In the figure, the vertical lines and corresponding 
values indicate the moderate-strong earthquakes occurred before the main shock in the region studied, and the 
digits within the bracket after magnitude are the numbers of the earthquake  

diction. However, the method to estimate characteristic parameters in the RTL algorithm proposed 
in this paper has not only a physical basis but also a simple and easy application to realistic earth-
quake prediction. In practice, we should at first set a starting magnitude (e.g., M=5.0) for the area 
needed for detection, calculate characteristic parameters from equations (13) and (14), scan the 
region concerned by using the RTL algorithm, and find out the risk area where an earthquake with 
the selected magnitude (e.g., M=5.0) might occur. Then the same detection for larger earthquakes 
(e.g., M=6.0, 7.0) can be made so as to find out seismic risk areas with different magnitudes for 
reference in earthquake prediction. 

5) The study on the four M≈6 earthquakes occurred in the northwestern and southwestern 
China shows that typical abnormal precursors of seismic quiescence-activation-occurrence appear 
before all earthquakes studied, which provides examples of earthquake for using the method in 
earthquake prediction. 

6) It should be pointed out that the method proposed here to estimate characteristic parame-
ters in the RTL algorithm is on the basis of the studies on gap’s temporal-spatial characteristics, so 
the method needs verification by more examples of earthquake and further improvement because 
of the uncertainty of relations between the temporal-spatial dimension and the magnitude of main 
shock and the difference of different regions. 
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