Vol. 38, No. 2

38
2018 4 EARTHQUAKE Apr., 2018
*
( s 100081)
s 1931 2010 , 80 s
10 s B
Weibull , 8.3,
20 .50 100 7.9.8.1,8.1, 1930
1933 s s 0.2 s
:P315.7 A :1000-3274(2018)02-0157-10
[1]
b
o b
[2] G-R [3] [4]
(5. 6] ’ o ’ G_R
. o G_R
“ ” 7]
. o
(8~12] , G-R
b b
Pisarenko  [8~1 ,
* : 2017-07-31; : 2017-11-01
(DQJB17B07)

(1988-),

’



158 38

[11] ) [12]
, 1931 2010 s 10
1
1.1
X, Xoy o0y X, ’ Mn:maX(Xl y Xow oy X)),
{a,>0, b,ER} G(x),
Pr{<M<1‘>}»G(I), n— o (D)
a,
G , Fisher  Tippett"'¥ 3 , G
Gumbel . Frechet . Weibull
’ JZ2N (02N s [} (2)0
_ —1/¢ L
G<1~>:exp{—[1+s(%ﬂ },1+5(1—Q>o 2
o
, =0 ,G Gumbel ; 0 L, G Frechet ; el
0o .G Weibull (14,157
1.2
s M,,:max(Xl, sz “tty X,,)s
(2)7 G(I/)):l_p9 (3)0
o _
—Z[1—{—log1—p)} ], £5£0
x, = J,u 3 8 ? : (3
Lu—alog{—log(l — P, E=0
1 ) 1 , 1
’ » s Xy » ’ P
M>z, , p—>0 , x,=G '(1—p),

o

y,=—log(1—p), (3)



159
(o} ~
_7[1_ p c:I’ io
x, = J,u § i : €9
/,e*o‘logy,), §=0
s ; (GYIN
: B e .
InL(z;5 pes 8, & =—nlogo— > (1+e5—#) " — (14 )\ Dllog(1+e—#
nl(x;; pus 85 &) nlogo ;( +é& . ) <+E);og( + & . )
(5)
: 1+75(1’;“)>0<i:1, )
(5) o',/uf (/:6969 ;C)’ (4)7
z, , (6,
i — L1 —y, 7. 40
r, = J# & [ ! ] (6)
p—élogy,. §=0
<0, Weibull , %»oo, »=0,
Yp =0,
T =p—0o/E (N
x o
Delta , ; ,
1—a o
T, 27212 /Var(z,) €))
. . . dx, dx, dx, .
) Var(i',))%VI,fVVIM \% </:la O S) ] Vl;[] ( (7/,:)’ (76/ (,)5/ (,us
G é) ’ Z]—% 1_% , =0
2
C D,
. GPS 4~6 mm/a,
2~6 mm/a,
[16~20]
2.1

, 50~60 km. 150 km



160 38

101°E 102° 103° 104° 105° 106°

31°

PIE XY D MR ISR
@7
@ 16.0~60 — EAMH

30°

® M5.0~59 —— WiR
1 5
¢ S [217, [22] )
o b
, 0.5 mm/a R
1.4 mm/a s — , o
b b
==0.37 mm/a, <C0. 53 mm/a, — .
b )
[23~25]
b )
2.2
s , . 500 km,
30 km, - . ’ L26] o
b b
[27]
b o b
b b
. [28]
’ b o
_ , o . _
- ° ) -

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2 161
_ [26, 29]
. 35~30 Ma  15~10 Ma 0L
, 0.3~0.4
mm/a [31~33] i o ,
s [18. 25, 26] GPS ,
2 mm/a, 1 mm/a ,
[34] R
[22]
3
1920 5 M=7 , 2
2008 8.0 2013 .0 ; 3 s
1933 7.5 1976 7.2 . e
, Ms=>=4.75
1931 . (http: // data.
earthquake. cn) ,
(102°~106°E, 29.5°~33.5°N)1920—2016 4.5
b 230 o ’ b
M=7 5, 6M<7 17, 5M<6 70 (
D, o 1920—2016
M>=4.5 M-+  2), ,
10 . 1990 2008 , 2008
8.0
7.0
6.0
=
50
3.0 I
1930 1940 1950 1960 1970 1980 1990 2000 2010
o
2 1920—2016 M-t (M=4.5)



162 38

4
M- s 1931 , 10
1931—2010 . 10 .
s 1 o
1 (1931—2010 )
My 7.5 6.0 6.8 6.2 7.2 6.5 5.1 8.0
sn o 3 (» 6+ &) =1(6. 448,
0.929, —0. 489), 3 0.350,  80%
[—0.938, —0.040], & s
Weibull , s
s =0 s £<0 s &0 o
3 0
10 (a) ¢
0.8 °
@ﬂ- [+]
2 0.6 5%
= . &
§ 0.4 o 5
0.2 °
C T T T T 5.0 4= T T T T
0.2 0.4 0.6 0.8 1.0 55 6.0 6.5 7.0 75
ERAML R RAAL AT H
047>
e s 0.3
B T 02
®
LS
0_
[ T I I I I 1

5.0 55 6.0 6.5 7.0 75 8.0

T T
10 100 1000

HILH

=

(a) ;3 (b) 3 (0 3 (D



2 163
3(a) s s
3 3(b) ) ;
. 3(a) 3(b) . ,
. & , . 1
, C 30,
¢ 3d, . 4 .
NN (6, 2010 20,50
100 .
0.141268686 — 0.008998479 — 0.06272206
V = J—0.008998479 0.092444374 — 0. O7586664L
—0.062722058 — 0.075866635 0.12291155
(8 95% )
2 .
2
20 50 100
7.91 8.07 8. 15
0.27 0. 36 0. 44
95% [7.38, 8.44] [7.37,8.77] [7.30, 9.00]
0 . ) NN
8.3, . (8),
0.8, 95% 0 .
10 . , 80 % .
80 % [7.3,9.4],
, 1930 1933 ,
10 .
, 20 .50 100
3 . 4 5
3
Mnax (1930) 7.5 6.0 6.2 6.8 7.2 6.5 5.1 8.0
M0 (1931) 7.5 6.0 6.8 6.2 7.2 6.5 5.1 8.0
Minax (1932) 7.5 5.5 6.8 6.2 7.2 6.5 4.9 8.0
M0 (1933) 7.5 5.8 6.8 6.2 7.2 6.5 4.9 8.0
: Minax (1930) 1930 10
4 5 .

0.2



164 38
4
20 95% 50 95% 100 95%
1930 7.91 [7.38, 8.44] 8.07 [7.37, 8.77] 8.15 [7.30, 9.00]
1931 7.91 [7.38, 8.44] 8.07 [7.37, 8.77] 8.15 [7.30, 9.00]
1932 7.89 [7.44, 8.34] 8.03 [7.47, 8.59] 8.09 [7.41, 8.77]
1933 7.91 [7.45, 8.37] 8.05 [7.46, 8.64] 8.12 [7.41, 8.83]
5
80%
1930 8.35 0.81 [7.32,9.38]
1931 8.35 0.81 [7.32, 9.38]
1932 8.21 0.57 [7.48, 8.94]
1933 8. 26 0. 61 [7.48, 9.04]
5
N 6.448. 0.929, —0. 489,
. 8.3, 80%
[7.3,9.4], 100 . 50 . 20 8.1.8.1,7.9,
95 % [7.3,9.0].17.4,8.8].17.4, 8.4],
1930 . 1931 . 1932 . 1933 s 10
0.2 s
Welbull ° 1) D)
o s 10
8.3, 8.0,



165

[1]
[2]

[3]

[4]

[6]
7]
[8]

[9]

[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
(20]

(21]
(22]

(23]

s . [M]. : , 1993.
[D].
, 2003.
Cornell C A. Engineering seismic risk analysis[ J]. Bulletin of the Seismological Society of America,

1968, 58(5): 1583-1606.

. . G-R (1. , 2012, 55
(5): 1710-1717.
. . . [Jl. .
2009, 4(2); 131-140.
. . 0. , 2016, 108(3): 28-33
(M. : . 1999,

Pisarenko V F, Sornette A, Sornette D, et al. New Approach to the Characterization of M, max,
and of the Tail of the Distribution of Earthquake Magnitudes[J]. Pure and Applied Geophysics,
2008, 165(5) . 847-888.

Pisarenko V F, Sornette A, Sornette D, et al. Characterization of the Tail of the Distribution of
Earthquake Magnitudes by Combining the GEV and GPD Descriptions of Extreme Value Theory[ ] ].
Pure and Applied Geophysics, 2014, 171(8): 1599-1624.

Pisarenko V F, Sornette A, Sornette D, et al. Reply to: “Comment on Pisarenko et al. ‘Character-
ization of the Tail of the Distribution of Earthquake Magnitudes by Combining the GEV and GPD De-
scriptions of Extreme Value Theory’” by Mathias Raschke in Pure Appl Geophys (2015) [J]. Pure
and Applied Geophysics, 2016, 173(2): 709-713.

, , .. Il , 2012, 35
(1): 73-78.
s . . Jl. , 2013,

33(3): 67-76.
Fisher R, Tippett L. H. 1928. Limiting forms of the frequency distributions of the largest or smal-
lest member of a sample[ J]. Proc Camb PhilSoc, 24(2): 180-190.
Coles S. An Introduction to Statistical Modeling of Extreme Values[ M]. Springer-Verlag, 2001.
[M]. : . 2006,
. GB 18306—2015¢ » [M]. : , 2015,
; . (1. , 2014, 9(1): 64-73.

Densmore A L, Ellis M A, Li Y, et al. Active tectonics of the Beichuan and Pengguan faults at the
eastern margin of the Tibetan Plateau[ J]. Tectonics, 2007, 26(4): TC4005.

. . . 2008
0. . 2011, 54(3); 706-716
, , .. 2008 Ms8. 0
LIl . 2011, 54(6): 1490-1500
(1:400 H[M]. : , 2007
. . . . 2008 . [Jl.

, 2009, 29(3); 387-402.
, , . GPS L. . 1998(5): 32-35.



166 38

[24] Chen Z, Burchfiel BC, Liu Y, et al. Global Positioning System measurements from eastern Tibet
and their implications for India/Eurasia intercontinental deformation[J]. Journal of Geophysical Re-

search Solid Earth, 2000, 105(B7): 16215-16227.

[25] , . Alexander, . 0l , 2006, 26(2): 40-51.
[26] , , Densmore A L, . - LIl
, 2006, 26(1): 40-51.

[27] , . . Lyl , 1994, 16
(dz): 389-403.

[28] . — (M. : , 1992,

[29] , . (1. . 2008, 38(10): 1221-
1233,

[30] Wang E, Kirby E, Furlong K P, et al. Two-phase growth of high topography in eastern Tibet dur-
ing the Cenozoic[ J]. Nature Geoscience, 2012, 5(9); 640-645.

[31] . [(M]. : , 1993,
[32] , , . [M]. : , 1995.
[33] . . . 0.
, 2005, 24(12); 1162-1168.
[34] , , .. 2008 8.0 .
0. , 2008, 51(4): 1066-1073.
[35] R , .
[yl ., 1994, 16(4); 423-432.

Generalized Extreme Value Model of Seismicity
for the Longmenshan Region

REN Meng-yi
(Institute of Geophysics, CEA, Beijing 100081, China)
Abstract: Choosing the Longmenshan region as the study area, making use of the histori-
cal earthquake data from the year 1931 to 2010, taking 10 years as the time interval, this
paper establishes a generalized extreme value model of seismicity, and it estimates the
magnitude upper bound and the strong earthquake return level associated with the Long-
menshan region. The results indicate that the model follows the Weibull distribution with
a finite upper bound; the magnitude upper bound is 8. 3; and the strong earthquake return
level in 20, 50, 100 future years are 7.9, 8.1, 8.1, respectively. Moving the starting year
from 1930 to 1933 year by year., remaining the time interval constantly, we find that the
difference of the results of the maximal magnitude and of the strong earthquake return lev-
el are less than 0. 2, which means that the generalized extreme value model for the Long-
menshan region has some degree of stability; moreover, the results can be a reference for

earthquake zoning and seismic hazard analysis research.

Key words: Seismic hazard; Magnitude upper bound; Strong earthquake return level;

The Longmenshan Region



