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tions in Tianjin, analyzed and calculated geomagnetic Z component data from
1986 to 2013 based on Copula theory. After comparison of Kendall and
Spearman coefficients in a variety of models, the optimal model was got, and
then Kendall coefficient timing curves were analyzed in different cycles. The
calculated results show that Kendall coefficient timing curve is in the disordered
phase before the Mq—=5. 0 earthquake, and its consistency turns better rapidly
after the earthquake. That is because the accumulated seismic stress causes the
underground electrical structure to change, and the stress is released after the
earthquake, magnetic field data returns to normal. It is more predominant that
Kendall coefficient of the Qingguang seismographic station (it has the smallest
distance from the epicenter) dropped sharply before the Wen”an Ms5. 1 earth-
quake in 2006, which is different from that of other stations; while Kendall co-
efficient of the Ninghe seismographic station (it has the smallest distance from

the epicenter) rose marginally before the Tangshan Ms4. 8 earthquake in 2012.

Key words: Copula function; Kendall coefficient; Spearman coefficient; model

test; underground electrical structure
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, 21 Z s ,
a( ). y( ). ac( ). b( ), c( )
, Matlab , ecdf  ecdfhist , skewness kur-
tosis , 1 1.
1 5
Fig. 1 Daily difference frequency histograms for five stations
1 ’ 1 5
’ ’ Table 1 Skewness and kurtosis of five stations
’ 0.2986 4.3153 6033
“ ” 0.1472 4.0082 6033
0.1984 4,1357 6033
, 0.5 , 0.1841  3.4645 6033
s R 0.1868 3.8402 6033
“ 5 ”
b b
jbtest, kstest lillietest 5 , 2
2 5
Table 2 Normality tests of five stations
Jarque-Bera Kolmogorov-Smirnov Lillietest
h=1, p=1.0000X 10" h=1. p—5.5513X 1015 h=1, p=1.0000X 10"
h=1, p=1.0000% 10" h=1, p=2.4384X 102" h=1, p=1.0000X 10"
h=1, p= 1.0000X 10 h=1, p=6.6445x10 2! h=1, p=1.0000X 103
h=1, p= 1.0000X10 * h=1, p=7.4540X10 11 h=1, p=1.0000X10 ?

h=1, p= 1.0000X10"% h=1, p=2.1286X10"17 h=1, p=1.0000X10"3
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2 , 5 . , ecdf
, ; ksdensity ,

2 5

Fig. 2 Empirical distribution functions and nuclear distribution estimations for five stations

2 .
’ . Xy Yy Ay b, ¢ (5 ) ’
9 (Ur ’ Uy 9 Ua ’ U/, ’ U(. H VA,- ’ Vy ’ Va ’ V/, ’ V()
(ux" Uys Ugs Ups Ucs Ups Uys Uys Ups 'U[») ’ (Ul»v Uy9 Uu ) U[;v
U(; V,Ta Vy7 Vaa V/,v V() ( ’ ’ 2007). 3.

3 (a) (b)

Fig. 3 The recurrence number and frequency of Ninghe station relative to Jinghai station

, copulafit Copula
. t-Copula ; . 3.
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3

Table 3 The relevant parameter table based on different models

- Copula 1.0000 0.7518
0.7518 1.0000

t-Copula 1.0000 0.7664 3.359 2.9373 3.7807
0.7664 1.0000
- Copula 1.0000 0.7951
0.7951 1.0000

t-Copula 1.0000 0.8279 1.9924 1.8156 2.1691
0.8279 1.0000
- Copula 1.0000 0.6863
0.6863 1.0000

t-Copula 1.0000 0.7017 4, 2435 3.6400 4. 8470
0.7017 1.0000
- Copula 1.0000 0.7173
0.7173 1.0000

t-Copula 1.0000 0.7399 3.2182 2.8471 3.5894
0.7399 1.0000

3 , copulapdf copulacdf Copula
t-Copula ( 4da, o) (  4b, d)(Bouye et al, 2000; Cherubini et
al, 2004).
4 Copula t-Copula (a, © (b, d

Fig.4 Bivariate normal Copula and t-Copula density functions (a, ¢) and distribution functions (b, d)
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1. 39
4, mw(’”) 4, ()074(”) - §¢ — 1.66st + t2 o200
Ct(m, n) :J J 28| 1 +——F——— dsdt, 4
0.63
iz O ZH)“’) r s —1.40st 154757
Ct(Gm, n) :J J 1+—F dsdz, (5)
2.15
. 3. )18,(1“) 3, ,W(u) _ 52 _ 1 485‘1 + t2 _—2.61
Ct(m, n) :J J 1+ dsdz. (6)
1. 46
copulastat Kendall  Spearman , 4,
4 Kendall Spearman
Table 4 Kendall and Spearman coefficients
Copula CORR t-Copula
- Kendall 1.0000 0.5417 1.0000 0.5552 1.0000 0.5559
0.5417 1.0000 0.5552 1.0000 0.5559 1.0000
- Spearman 1.0000 0.7360 1.0000 0.7258 1.0000 0.7510
0.7360 1.0000 0.7258 1.0000 0.7510 1.0000
- Kendall 1.0000 0.5852 1.0000 0.6187 1.0000 0.6209
0.5852 1.0000 0.6187 1.0000 0.6209 1.0000
- Spearman 1.0000 0.7809 1.0000 0.7785 1.0000 0.8151
0.7809 1.0000 0.7785 1.0000 0.8151 1.0000
- Kendall 1.0000 0.4815 1.0000 0.4943 1.0000 0.4951
0.4815 1.0000 0.4943 1.0000 0.4951 1.0000
- Spearman 1.0000 0.6689 1.0000 0.6639 1.0000 0.6846
0.6689 1.0000 0.6639 1.0000 0.6846 1.0000
- Kendall 1.0000 0.5092 1.0000 0.5290 1.0000 0.5302
0.5092 1.0000 0.5290 1.0000 0.5302 1.0000
- Spearman 1.0000 0.7005 1.0000 0.6984 1.0000 0.7237
0.7005 1.0000 0.6984 1.0000 0.7237 1.0000
4 , t-Copula Kendall CORR(
)Kendall Kendall (Hollander, Wolfe, 1973; Lehmann, 1975)
11
7:4JJ Cln, n)dCGm, n) — 1 D)
0J 0
’ N r ’
Copula Spearman CORRC( )
Spearman Spearman (Lehmann, 1966)
11
o= 12| | COne mdmdn—3 (8
0J 0
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, Kendall
t-Copula )
Spearman
Copula
3
t-Copula Cop-
ula Copula
¢ . 5 ,
t-Copula .
. 5 Copula
Copula ’ v Fig.5 Empirical Copula distribution function
Copula . N of Ninghe station
5 Copula t-Copula
Table 5 Evaluation of bivariate normal Copula and bivariate t-Copula models
Copula t-Copula
- 0.1468 0.0603
- 0.3215 0.0613
- 0.1487 0.0925
- 0.1978 0.0891
4
1986 1 2003 8 350 km Ms=6.0
(1998 1 10 M6, 2 ), 300 km Ms=5.0 (1995 10 6
M; 5.0 . 2006 7 4 M 5.1 ), 150 km Ms=4.5
(2012 5 28 M4, 8 ), 1986 Kendall
) 90, 180, 270, 365, 540 720 Kendall ,
¢ 6).
, . Copula
6 ( — — )
( 7 7 ) 1)
( 540 . 720
6 :
1) 1995 10 6 Ms5.0 , T=720 ,



938 36

6 (a—c) t-Copula Kendall

’ ’ ’

Fig. 6 (a—c) Comparison of Kendall coefficient for different cycles for t-Copula function model
Red line denotes Xuzhuangzi, black line denotes Ninghe, green line

denotes Tanggu, blue line denotes Qingguang
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6 (dD t=Copula Kendall

’ ’ ’

Fig. 6 (d—f) Comparison of Kendall coefficient in different cycles for t-Copula function model
Red line denotes Xuzhuangzi, black line denotes Ninghe, green line

denotes Tanggu. blue line denotes Qingguang

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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940
3 , ; 4 ,
, 4 ’ Ms6. 2
2) 1998 1 10 M6, 2 s 720 ,
’ ’ b 4 b
500 , Kendall , 4 14 ( 100
) Ms4. 7 ,
R , 200 .
3) 2006 7 4 Mg5.1 s s
s , 4 ; 1000 , Kendall
4) 2012 5 28 Mg4. 8 s s s
( YKendall 3 , . N .
“ ”» s “ ”» ( 540
). 270 . 365 s 3
540 . 720 , , 3
( ) M4, 8
s 4 3
, 3 ,
, Kendall
5
s s ) 50 km,
].O nT )
27 ) 10000 , ,
1%.
( , 2000).
, Copula ,
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