No. 4(Serial Na 460)

4 ( 460 )
2017 4 Recent Developments in World Seismology April, 2017
: 20 %
>3 >3 >3 ss=5 s>5555 >3 ==
*
1) 2) 3) 4) 5)
i) s 100045
2) s 100036
3) s 100190
4) . 100875
5) s 100190
P315.75; A doi: 10.3969/j. issn. 0253-4975. 2017. 04. 004
1935 s “
1904 Vllhelm 99 [4],
Bjerk
jerknes . )
o 100 '
’ 1 1
o , 1909 966 966
.. . , 22
Gilbert , Science
[2] , . 1966—1976
100 . 10
3] 0 .
Wood  Gutenberg ) o
, 1975
’j . 2017-02-28; ' . : 2917703—1/10 1976
# , e-mail: hfqiong@seis. ac. cn,
; . 1985

(41

274061)

’



ol

5 , 38
Bl 1989 (Loma Prieta)
My6. 9 1992 (Lan-
ders) My7.3
6],
. 2009 4
6 6.3
(1@
2011 o
. 2010
[s]
. 2016
[Jo
2014 ,

(REAKT) C(http: / www. reaktproject.
eu/) (OEF)!" 1)
(http: //www. annalsofgeophysics.eu/index.
php/annals/article/view/5350) ,

(@) . Operational earthquake forcasting and deci-

sion making. Varenna, Italy. 2014, June 7-11.

@ {Geodesy and Geodynamics) 2017 1

“Studies on earthquake precursors in China;
A review for recent 50 years”, 1 27 3 31
researchgate s 500 ,
20 s
7

2016 12

www. cseptesting. org) ,

b

Jordan

[11-12]

1966—1976

14

[13]

10

1)

(CSEP) (http; /
, OEF CSEP

o

10

700

[15]



2017

GPS

[16]

II]ESJAsI{ ( / ) .

’ ( /
GPS/InSAR ). (

o

IR (

[16]
’



o
’
’
”
o
”
“ ”
”»

’
’ ’
( @
« )
o b
’
4
b
)4
“ ”
) ,
’
’
(6]
o ’
b
’
b
I
)
[20]
“ °
« ) A
« )
O ,
« ”» @ 2015 1UGG
« ® 2016
{

®
b
/
b
b
2013
)2016 32



8 2017

° ’ ’
“ ” [22]
b b o
’ ’
° ’ H
b
O —
o b

’ s
b )
NN 6
b A
o ( )
(20 km )
9
b ’
b Al A
9
. . 4
[21] 2
’ o o ’

¢, 1999 ,

¢ , 2008 2011 ,

@ Thomas Jordan. Determinstic prediction vs. probabi-

©) listic forcasting. 2014



° ’
“ ”
’
° ’
’ ’ ’
’ ’ °
; () .
o ’ N
’ ’ °
’ o
’ °
° °
’
“ ”»
’ ’ °
’ N
° °
’ ’ o ’

[1] Bjerknes V. Das Problem der Wettervorhersage, betrachtet vom Standpunkte der Mechanic und der
Physik [J]. Meteorol. Z., 1904, 21; 1-7

[2] Gilbert G K. Earthquake forecasts[J]. Science, 1909, 29(734). 121-138

[3] , , .o [J]. , 2013, 42(4) . 237-255

[4] Wood H O, Gutenberg B. Earthquake Prediction[]J]. Science, 1935, 82(2123): 219-220

[5] Bakun W H, Aagaard B, Dost B, et al. Implications for prediction and hazard assessment from the 2004
Parkfield earthquake[J]. Nature, 2005, 437(7061); 969-974

[6] Geller ] R. Earthquake prediction; A cretical review[J]. Geophys. J. Int., 1997, 131(3): 425-450

7] . M. : , 2015

[8] Parsons T, Geist E L. The 2010—2014. 3 global earthquake rate increase[ J]. Geophys. Res. Lett.,
2014, 41(13): 4479-4485. doi:10.1002/2014GL060513

[9] Huang F Q. Li M, Ma Y C, et al. Studies on earthquake precursors in China: A review for recent 50
years[J]. Geodesy and Geodynamics, 2017, 8(1): 1-12

[10] Jordan T H, Chen Y T, Gaspatini P, et al. Operational earthquake forecasting. State of knowledge and
guidelines for utilization report by the International Commission on Earthquake Forecasting for Civil Pro-
tection[ J]. Annals Geophys., 2011, 54(4): 315-391. http: /dx. doi. org/10. 4401/ag-5350

[11] , . . . .

2015 1] . 2015(12) ; 34-38



10 2017

[12] , , . 2016 (1. , 2016
(11): 41-44
[13] , , . 700 0. (B ), 1982(8); 745
753
[14] ; , . : [M].
, 1991; 458-476
[15] , . .o Ul . 1994(2): 27-32

[16] Barbot S, Lapusta N, Avouac J P. Under the hood of the earthquake machine; toward predictive model-
ing of the seismic cycle[J]. Science, 2012, 336(6082);: 707-710. doi:10. 1126/science. 1218796

[17] R . [M]. : , 2010
[18] . [D]. : , 1993
[19] , Sherman ST, . —  5°

0. : , 2012, 42(5): 633-645

[20] Wang B S, Zhu P, Chen Y. et al. Continuous subsurface velocity measurement with coda wave interfer-
ometry[J]. J. Geophys. Res., 2008, 113(B12); 36-44. doi:10.1029/2007JB005023
[21] Bruce A B. [M]. , , . . : » 2000
[22] . [G1//10000 .
, 2010 649-651

The roadmap of numerical earthquake prediction in China

Huang Fuqiong” ., Zhang Xiaodong” , Cao Zexian” , Li Jianping” , Li Shihai”
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Abstract Based on the current progress in earthquake modelling for prediction consult-
ing articles of international research, with throwing a sprat to catch a whale, we show the
roadmap of numerical earthquake modelling for prediction in China. Referring to the course
of numerical weather prediction development, the observation data assimilation should have
priority to form 4D subsurface “cloud map” of the continuous model earthquake data in the
earthquake preparing process of energy accumulation in linear to nonlinear stages and energy
release from meta-instable to unstable slipping stage. The key steps of the roadmap for
numerical earthquake prediction techniques are the assimilation of observation data and the
mathematical expression for the meta-instable stage of earthquake process.

Keywords numerical earthquake prediction; data assimilation in 4D; “model” earth-

quake; metainstability subsurface; 4D “cloud map” of energy



