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Abstract: The natural time y is a new time domain introduced by Varotsos et al
in 2001. Novel dynamical features of time series in complex systems can emerge
upon self analysis in natural time, which conforms to the desire to extract useful
signal information and reduce uncertainty effectively. In this study, we first
introduce the natural time method and then select top 30 earthquakes from the
catalogue of China Earthquake Networks Center from 1978 to 2014, after that
calculate the variance x; and the coefficient of variation 8 of the normalized ener-
gy released from each earthquake in natural time domain. Taking «, as the order

parameter, we qualitatively analyse x, by making use of 8, and further quantita-
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tively analyse x, on that basis afterwards. The results show that the order
parameter g, nearly equals to 0. 07 from half an hour to months before the main
shock and abruptly decreases toward zero when the main shock happenes. Fur-
thermore, we simply discuss the way to select time window in quantitative
analysis and some special cases in analysis results. Hence, it seems that the
results have a guiding significance for earthquake events retrospective study and
earthquake prediction study.

Key words: natural time method; order parameter; time window; coefficient of
variation
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Fig. 1 A series of seismic events in conventional time domain (a)

reading into the natural time domain (b)
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Tablel Earthquake events used for natural time analysis in this study
KERZ

P
;g T i s/ R/ VI /km Ms

1 2008-05-12 0627 31.01 103. 42 14 8.2

2 2001-11-14 09:26 35.92 90. 53 11 8.2

3 2001-01-26 03:16 23.48 70. 45 10 8.1

4 2005-10-08 03:50 34.42 73.66 26 7.9

5 2009-08-10 19:55 14. 22 92.78 25 7.7

6 2004-12-26 04:21 6.94 92. 80 40 7.7

7 2003-09-27 11.33 50. 02 87.87 16 7.7

8 1990-07-16 07:26 15.72 121. 20 24 7.7

9 2011-03-24 13:55 20.70 99. 85 20 7.6
10 2010-06-12 19.26 7.85 91.91 31 7.6
11 2005-07-24 15:42 7.83 92.19 19 7.6
12 1998-05-03 23:30 22.72 125. 29 15 7.6
13 2012-08-31 12:47 10. 77 126. 76 31 7.5
14 2008-03-20 22:32 35. 64 81.54 21 7.5
15 2001-12-18 04:02 23.92 122.95 27 7.5
16 1992-08-19 02:04 42.18 73.59 27 7.5
17 2006-12-26 12.26 21.86 120. 60 10 7.4
18 2002-03-31 06:52 24,22 122. 22 31 7.4
19 1999-09-20 17.47 23.97 120. 75 5 7.4
20 1997-11-08 10:02 35. 26 87.33 34 7.4
21 1995-04-21 00:34 11.95 125.62 31 7.4
22 1992-05-17 10:15 7.25 126. 76 32 7.4
23 1991-01-05 14.:57 23.61 95.91 18 7.4
24 1990-06-14 07:40 11.77 121. 91 18 7.4
25 1988-11-06 13.03 22.92 99.79 13 7.4
26 2014-02-12 09:19 36. 14 82.51 10 7.3
27 2010-04-13 23:49 33.22 96. 59 14 7.3
28 2010-02-26 20:31 25. 86 128. 65 25 7.3
29 2005-03-20 01:53 33.70 130. 38 21 7.3
30 1995-07-11 21:46 21.96 99. 16 13 7.3
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Fig. 2 The coefficient of variation 8 of order parameter x; evolves before
the main shock in natural time domain
The red and blue arrows represent the moment minimum g occurred and the mainshock happened, respectively.
(a) Normal B curves; (b) The cases that 8 curves have no wave shape due to lack of earthquakes before the
main shock; (¢) The cases that g curves fluctuate greatly because of too many earthquakes before the main
shock; (d) The results of cases in Fig. (¢) by using the time window W=20; (e) The cases that g curves

show two approximate minimum values, making it hard to judge
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Table 2 Parameters used in quantitative analysis of the order parameter

melys X/A L w K BT X/H L w K
1 3 20 10 11 15 4 16 7 10
2 5 9 6 4 16 4 17 10 8
4 2 26 19 8 17 4 37 25 13
5 2 36 24 13 18 4 31 20 12
6 1 16 10 7 19 4 40 28 13
8 6 15 6 10 22 4 15 6 10
10 4 18 6 13 25 4 16 9 8
11 5 43 33 11 28 1 14 6 9
12 4 14 8 7 29 4 17 6 12
13 4 13 6 8 30 5 27 18 10
14 2 16 6 11
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Fig. 3 Evolution of the order parameter x; before the main shock in natural time domain
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Table 3 21 cases that abnormal variations of x, curves are in accordance with theory in

quantitative analysis and the time when «; fluctuates above and below 0. 07

=l KRR Z w1 PSR G i [A] Me = KRR Z w1 PSR G i [A] Me
57 E-H-H F-H-H ) 55 E-H-H F-H-H )
1 2008-05-12 2008-04-11 8.2 14 2008-03-21 2008-02-08 7.5

2 2001-11-14 2001-09-05 8.2 15 2001-12-18 2001-11-25 7.5
4 2005-10-08 2005-10-02 7.9 16 1992-08-19 1992-08-14 7.5

5 2009-08-11 2009-07-27 7.7 17 2006-12-26 2006-12-14 7.4

6 2004-12-26 2004-12-26 7.7 18 2002-03-31 2002-02-12 7.4
(12:21) (12:02) 19 1999-09-21 1999-08-07 7.4

8 1990-07-16 1990-05-27 7.7 22 1992-05-17 1992-04-28 7.4
10 2010-06-13 2010-05-11 7.6 25 1988-11-06 1988-10-22 7.4
11 2005-07-24 2005-05-21 7.6 28 2010-02-27 2010-01-07 7.3
12 1998-05-04 1998-04-21 7.6 29 2005-03-20 2004-12-14 7.3
13 2012-08-31 2012-07-04 7.5 30 1995-07-12 1995-06-30 7.3

F, JFEAETRIE 2 vh g /ME R B I %) 5 3 rh ke (EAE 0. 07 BRI T 4i I 2l i B 20 A )
P U 25 gl 3 M v R I 8] 9 11 98 2 B S SR AE 0. 07 B B s I JLAS w0 fEIN . B A 22
B ME . FrLAE 2 v B 5 BRI 202 FE I 3 R s AE 0. 07 BRI T 4 62 50 1A ik 20 B
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Fig. 4 The cases that abormal variations of k; curves are not consistent to theory in quantitative analysis
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