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Abstract: This paper selects 287 records of 18 natural earthquake events with magnitudes of
M;2.7—3.1 in Shaanxi Province from 2011 to 2018 and 185 records of 20 subsidence seismic
events in northern Shaanxi with the same magnitude range from 2013 to 2018. Through the ana-
lysis and comparison in time and frequency and time-frequency domain, the characteristics of
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subsidence seismic records in the northern Shaanxi different from natural earthquake events are
summarized as follows: (D In the time domain, the P-wave initial motion of subsidence is weak
and gentle, while that of natural earthquake is strong and sharp. To the subsidence, only a few
vertical direction of P-wave initial motions are clear, while that of natural earthquake is clear,
and it has the characteristics of quadrant distribution. The body wave period of the subsidence is
larger than the natural earthquake. The development of surface wave is one of the most signifi-
cant characteristics that could distinguish subsidence from natural earthquake. Even if the epicen-
ter distance is very small, subsidence seismic records still have significant short-period surface
wave Rg. When the epicenter distance is less than 50 km, the amplitude ratio value Ag/4p of
subsidence is larger than that of natural earthquake. With the increase of epicenter distance, the
amplitude ratio value Ag/A4p of subsidence becomes smaller and similar to that of earthquake un-
der the same epicenter distance. With the same magnitude, the subsidence has a longer coda
duration and slower energy decay than that of the earthquake. (2 In the frequency domain, the
frequency domain of subsidence is narrower, mainly low frequency signal, concentrated in 0—
3 Hz. The frequency domain of the natural earthquake is wider, but the low frequency signal is
less. The ratio of spectral variance to the mean in the frequency band was defined as the spec-
tral difference coefficient a, and the o of the subsidence is generally higher than that of the nat-
ural earthquake. In the range of epicenter distance 200 km, corner frequency f. of the subsi-
dence is smaller than that of the natural earthquake. Corner frequency f; of the subsidence is
concentrated in 1-3 Hz, while £, of the natural earthquake is distributed in 3—15 Hz. 3 From
the comparison of the time-frequency spectrum, it can be seen that the main frequency compo-
nent of the subsidence is low-frequency surface waves, and the natural earthquake frequency
component is most abundant in the shear wave band.

Key words: subsidence; natural earthquake; time domain; frequency domain; time-frequency
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Table 1 Parameter table of the collapses

K [i] i R[] i
J52=] M, || FE My
F-H-H 0508 dedir  Rar F-H-H 0508 dedir  Rar
1 2013-12-19 08:49:20.9 38.59 110.42 2.9 11 2016—01-06 14:38:41.7 38.48 110.26 2.8
2 2014—04—09 11:00:08. 1 39.09 110.42 3.1 12 2016—01-14 07:17:20.3 38.59 110.34 2.8
3 2014-11-29 18:21:18.3 39.03 110.19 2.8 13 2016—08—-16 02:19:39.8 39,02 110.17 2.7
4 2014-04—09 19:57:10.4 39.11 110.42 2.8 14 2016—09-16 16:44:19.5 38.59 110.16 3.1
5 2015-08—24 08:33:05.8 39.04 110.22 2.7 15 2016—01-13 21:42:18.6 38.58 110.35 3.0
6 2015-06—28 15:27:43.9 39.15 110.30 2.7 16 2017-02—01 07:53:20.1 39,01 110.22 2.7
7 2015-11-28 09:16:27.4 39.04 110.32 2.8 17 2017-08-31 07:25:00.5 38.23 109.53 3.0
8 2015-01-25 20:21:28.1 38.21 109.51 2.9 18 2017-07-04 10:07:07.8 38.52 110.38 3.0
9 2015-02-21 13:33:13.4 39.01 110.38 2.9 19 2017-10-22 14:18:06.7 39,01 110.26 3.0
10 2015-07-09 20:09:14.9 38.27 109.55 3.1 20 2017-04-17 01:33:31.0 39.04 110.20 3.1




6 11 T 5 45+ PR IE 3 I 10 S 1Y DXCBURR IR F 5T 687

®2 ORIRMESHEER
Table 2 Parameter table of the earthquakes

KR i) Eh R ] h
5 M, || F5 M,
F-A-H W5 dedire Rer F-A-H w5 e RKer
1 2011-02-08 12:58:03.9 32.58 106.12 3.1 10 2014-02-16 10:21:18.4 34,38 109.00 2.9
2 2011-06—21 16:02:20. 1 33.14 109.27 3.1 11 2014-07-16 03:54:13.6 35.02 110.12 2.8
3 2011-06-21 20:47:28.6 33.13 109.26 2.8 12 2015-02—-11 20:32:58.9 34.07 108.46 2.7
4 2012-06-16 04:59:25.0 35.06 108.11 3.0 13 2015-12—-13 07:55:49.2 34.30 108.56 3.1
5 2013-03-16 22:21:40.4 34.07 108.31 3.0 14 2015-05-29 18:48:54.8 32.57 106.19 2.7
6 2013-09-11 01:46:48.7 34.43 109.58 2.7 15 2016-10-03 06:59:12.2 33.22 108.05 3.0
7 2013-08-04 02:47:57.8 33.11 108.27 2.7 16 2017-11-19 15:11:22.0 34.37 108.14 2.9
8 2013-02-25 10:23:50.1 34.10 108.31 3.0 17 2017-11-25 23:08:56.8 35.55 109.38 2.8
9 2013—-11-29 20:52:13.5 32.46 105.37 2.8 18 2018—-02—05 05:57:13.4 35.06 110.18 2.9
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Fig. 2 Surface wave of collapses and earthquakes

(a) Collapse in Yuyang, Shaanxi, recorded by YULG station (2015-01-25 20:21:28. 1, M;2.8, 4=79.79 km);
(b) Earthquake in Ningshan, Shaanxi, recorded by ZOZT station (2016—10-03 06:59:12.2, M;2.8, 4=78.34 km);
(¢) Collapse in Yuyang, Shaanxi, recorded by YAAN station (2015-01-25 20:21:28.1, M;3.0, 4=171.86 km);
(d) Earthquake in Luochuan, Shaanxi, recorded by YAAN station (2017-11-25 23:08:56.8, M;2.7, 4=109.12 km)
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Fig. 5 The spectrum distribution of collapse and earthquake

(a) Collapse in Yuyang, Shaanxi, recorded by YULG station (2015-01-25 20:21:28. 1, M;2.8, 4=79.79 km);
(b) Earthquake in Ningshan, Shaanxi, recorded by ZOZT station (2016—10-03 06:59:12.2, M;2.8, 4=78.34 km)
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(b) Earthquake in Qianxian, Shaanxi, recorded by NSHT station (2017-11-19 15:11:22.0, M;2.7, 4=142.7 km)



692 H = S Eire 2%

N % 35 B R K R Hb R C i P B 5 AR R
‘| SR PR R /NG, PR BB LB T ok

R LS F0 R, T B T 280 R4
O FRAT 1 146 3 AT 1 1, JLRERE

5 or P ) 43 A R L T 8. o ) 5 R AR B
=8 BN, BERTE 1—3 Hz; K2R MU i 35 f8 00
6F R, 3—15Hz B 40 .
al 3.3 FHSRIE S AEXT EE
)1 AR SCHTF STFT J7 X6 35 B F K 5 M 7%

| DR oo gL ag TR o%0 155 #E A7 B A 3% 4 #1619 o8 YULG A id ¢
0 20 40 60 80 IAO;]kaZO 140 160 180 200 E@%ﬁmﬁﬁiﬁgﬁ(zols_()l_zs 20:21:28.1,

M 2.8, A=79.79 km) [ i} 4513 o0 A 1], £ E
4 0—3 HzB (IR A B Ay, HLAR Hh7E 30—45 s,
BeAb 2k Fm b . K10 MRS =P
A S B — R KSR AR, B ZOZT & id sk
B TG 77 B K 4K M 7 (2016-10-03 06:59:12.2, M;2.8, A=78.34 km) (1) B 35185 43 A 11, JHL A1 2 4
e, WORMAN R A, EEEPLE 1525 s, LB LT . LTI G AR SR M RE Y i A
AT RRAE SRR B R R SR b 72 10 S e AR S 8t A SR A BEIR] o) FIOBR £, BR S AE IR LA
EHEIC S, BRI T 171 IR B0 SR 276 5% K 9K HRZ A0 53 14 I A g e B R S 1 I (]
t, R £ AR R BE R, S IC S ¢, KT R IR R SR ¢, 18 B 10 5% 19 B 40 3% il & fi
SRS T TRDE B, AR Mb R 0 3% 10 R AT % R o S5 o A TR B CIRT 1) L [ 12 SRy e A% i o A
SHR AL P A f, W R TR B A A, SR REC SR f, EEAE T AE 0—2 Hz, KARHLFEIC M £, 40 Hi
JUZ L X ERT UL, X BRI S R Ry S AR T I, T R R b R AR Ay S F R I O R U

8 IS R AR R 1) 453 FR R f B P LA 23 A
Fig. 8 Corner frequency f; versus epicenter

distance for collapses and earthquakes

iz =

Z o =

o 3

S0 Y VM}\M» S 0 —W:

- L .V ‘ N - s A

= o 10 20 3 4 50 6 70 s T o 10 20 30 40 50 60 70 80
t/s t/s

f/Hz

10 20 30 40 50 60 70 80
t/s t/s

9 IR RIS ARG S A B 10 RIRHAZ 1Y WG 43 A1 1]
Fig. 9 Time-frequency spectrum of the collapse Fig. 10 Time-frequency spectrum of the earthquake

10 20 30 40 50 60 70 80



6 1] K 0 0% 45« Bl b B I 9T 7% 14 DX A RS AE F 5T 693

° Bk 25
90 | . © HRkf
M o e |
80 o
20 o
70 b <><> o <
60 o ©
15 o ¢ v o
w 50 » o ¢ o 090 Q
= = ® o v ¢ Y
& 3 o
40 O o 7S
o g ® °g 6
© oo & D & %
30 + o O S50 Y
@ % % o Qs B
20 8 ¢ NN 4 N N
| : 3 bl od
10 o & ﬁé % @ o
r o 00 ¢ VO %
L0, 208w 0 REID @O COOGHED OO
0 80 100 120 140 160 180 200 20 40 60 80 1 140 160 180 200
A/km A/km
FE11 SRS R AR M A B ek RS s 1Y) B 12 35 FA5 TSR H 2 B A3 1 B e e R A 1
i ] 2, 437 ] B £, 43
Fig. 11 The time #, of the strongest point in the time- Fig. 12 The frequency f,, of the strongest point in the
frequency spectrum for collapses and earthquakes time-frequency spectrum for collapses and earthquakes

4 Wit 5%t

AR S 3L 43 Mk H B AL 358 B 5 P 4 PN K SR b 7R O SR R IR (D 38 L A R 3 % I A 3 1
fiE, $EICH BRI R BEIC S LT X IURRAE -

1) KARM R P ULV shsm Mg 4, 0 B0 P 00 )y [l ¥ 0, A G2 BR 40 Aii Z FR1E 5 SR
B PR S5 -2, RA /D EE I L P sh 7 nVE B, TR E W PRI sy A A
T, X 5HE LT R PN T RS, HREARRCE DA R DG R

2) S5 B A I8 R L R R MR R

3) WBHEE LR

4) MR BIT , Bk R e 2 i ) ¢ 304K

5) MR IE <50 km B, 35 B A PR 8 L Ag/Ap (B EE I KT KR M AZ (1Y, B & = IE
WK, Ag/Ap (H75 /)N H 5 AR [F] 72 v B KK Mm% 1 Ag/Ap (EAH T

6) K EKHE (AR I AR T8, (RIS 5 50, MR R ROR A A, RN S, &
1 7E 0—3 Hz;

7) € SUMAT PR 6 7 22 5 BE 0 AR R A 25 5 R A o, S5 RG IIE AE R R AL o A
EEFRARHER;

8) 5% i B 7E 200 km Y I P, 351 B A 450 A IR £ B R SR ML RR /DN, £ SE T AE 1—3 Hz, KR
7= YB3 AR A R £ AE 3— 15 Hz 245 431

9) 7E7Z 1 IE 200 km (990 Y, DAEEASGE AT DL, 35 B 4 32 R B A7 Ay AEROM IR, TR
SR Hb 72 1 08T 238 B A0y B I A A U I B

A SC AR B 1 B AL 35 B 1 B A R f BR AR IR /N, X 5 R KRR [ X 8 B 45
WA BIE ST B A5 SR — B (X P 5, 20125 SKENZFSE, 2013), BRI, A58 BA — & By ok
AT Ry X 43 35 B 5 K 4R Tl (A AR s =2 — .



694 i = 2 Eire 42 %

e b, SR Y R PR X PR A B N Y E SRy, A PR RS R, HEE
Sk, BORMZ RO TR, A X AR FEAT I A R R R 556 B = R e A X A (T 52
AR, 2010) . M5B A LR AL AT RE LA AT A IR, X SRR A SR BILR] O T AR R — 2D B
FE. ARSCARE] T PRt dn Ba iC 3¢ 09 XS Ak, 5 i T 3t XA T 50 K 2 S s e N R, R el
e Y AR MR /D 2% DX B PA IR 0K 3 752 5 330 o B O A0 ) AR i X P 5 HE — 2P B B

2 F X W

HeUlEE, W], ARAY, B, BRAAE, . 2011, RAME S5 AN TRBE F 5 HHT &7 4E 42 R SVM U BF 5% [1].
HyBR PR R, 26(4): 1157-1164.

BiM X, Huang HM, Bian Y J, LiR, Chen Y Y, Zhao J. 2011. A study on seismic signal HHT features extraction and SVM re-
cognition of earthquake and explosion[J]. Progress in Geophysics, 26(4): 1157-1164 (in Chinese).

N ). 1993, I 7R A B R B AR AE A3 AT ()], AR RN, 11(1): 52-61.

Cao S C. 1993. Analysis of the characteristics of tectonic earthquakes and collapse earthquakes[J]. North China Earthquake Sci-
ences, 11(1): 52—61 (in Chinese).

PRENIA, Wil Z¥allk, T A=3C, F84F . 2015, RGN B o0 495 ff 00 5 L (B0 R0 5 3% 3% 0 0804 BRE LU B0 3 H Bl bk . DA
11 Mg7.0 Hb 7= 550 R 49 [7]. HB7Z, 35(2): 11-25.

ChenLJ, Chen X Z, LiY E, Wang S W, Guo X Y. 2015. Calculating wave velocity ratio vp/vg of the 2013 Lushan earthquake
sequence from source spectrum parameters[J]. Earthquake, 35(2): 11-25 (in Chinese).

B, Uk, VPR, ZEHT, B0, 2016, /NG 5N TR BEIC SR 09 ISR AT (], R TR AL, 38(1): 71-78.

Cui X, XuLS, XuZH, LiB, Wang F. 2016. Time-frequency analysis of records of small earthquakes and explosions[J]. China
Earthquake Engineering Journal, 38(1): 71-78 (in Chinese).

FTE, BRAe. 2007, VL =0 X [ A< BF = 5C 7% Al R HR 0 [J]. Kl i 5 3 3k 3l Jg 2%, 27(% 1))« 62-66.

Di L S, ChenJ H. 2007. On genesis of Yesanguan micro-earthquakes in Three Gorges area on Yangtze River[J]. Journal of
Geodesy and Geodynamics, 27(S): 62-66.

KFEH, £V, SR, E£ES. 2009. BTG AR X AL AE 5 52 R)L5BT (1], K FE Y, 24(4): 81-83.

Di X L, Wang P, Jin Z D, Wang J C. 2009. Preliminary analysis on collapse earthquakes in northern Yulin, Shaanxi
Province[J]. Journal of Catastrophology, 24(4): 81-83 (in Chinese).

KT, EF, XU, 2011, G 5 A B 2Tk 7Y 4 M R A A (D). R A A AT BT A MR AR A, 32(5): 140-142.

Di X L, Wang P, Liu W. 2011. Analysis on distribution of earthquakes in Shaanxi Province through catalog earthquake[J]. Seis-
mological and Geomagnetic Observation and Research, 32(5): 140-142 (in Chinese).

H#AAR, ], k. 2007, JUFN ISR AT O5 ik 00 LB BORE A (], TR ML ER A B AR, 4(4) 2 312-316.

Dong J H, Gu HM, Zhang X. 2007. A comparison of time-frequency analysis methods and their applications[J]. Chinese Jour-
nal of Engineering Geophysics, 4(4): 312-316 (in Chinese).

R, RRIEBL, BOREAL, EHT, 2. 2005, Xk P AR L X = 0T RE K F AR [J]. KE S, 2002): 96-98.

Dong X H, Han HY, Shao H C, Wang X, Li Y H. 2005. Cognition of three mine quake disasters in Yulin, Shaanxi[J]. Journal
of Catastrophology, 20(2): 96-98 (in Chinese).

WO, ARAE, NIEE, FIEE, 8. 20100 KRR 5 O TR B BB /N MR AR BF 5T (D], MR AR, 32(3)
270-276.

Huang HM, Bian Y J, Lu ZJ, Jiang Z F, Li R. 2010. A wavelet feature research on seismic waveforms of earthquakes and ex-
plosions[J]. Acta Seismologica Sinica, 32(3): 270-276 (in Chinese).

LU, BULTAE, WL, XUz, 2017, HKECT MR D RN TR B Y FRAE (7], AR LR RE A, 35(2) - 30-33.

Huang SY, Wei HM, GaoJ, Liu Y. 2017. Wave characteristics of blasting events recorded by the Chongqing digital seismic
network[J]. North China Earthquake Sciences, 35(2): 30-33 (in Chinese).

B PRI, EOE, A M. 2018, PRV ML X /INVUR R IE AL F S (0] MbaR TREAA4, 40(2): 288-293.

Hui S X, Yan C, Wang P, Jin Z D. 2018. Research on focal mechanisms of the small and micro earthquakes in Shaanxi area[J].


https://dx.doi.org/10.3969/j.issn.1004-2903.2011.04.004
https://dx.doi.org/10.3969/j.issn.1000-3274.2015.02.002
https://dx.doi.org/10.3969/j.issn.1000-0844.2016.01.0071
https://dx.doi.org/10.3969/j.issn.1672-7940.2007.04.009
https://dx.doi.org/10.3969/j.issn.1000-811X.2005.02.021
https://dx.doi.org/10.3969/j.issn.0253-3782.2010.03.002
https://dx.doi.org/10.3969/j.issn.1003-1375.2017.02.005
https://dx.doi.org/10.3969/j.issn.1004-2903.2011.04.004
https://dx.doi.org/10.3969/j.issn.1000-3274.2015.02.002
https://dx.doi.org/10.3969/j.issn.1000-0844.2016.01.0071
https://dx.doi.org/10.3969/j.issn.1672-7940.2007.04.009
https://dx.doi.org/10.3969/j.issn.1000-811X.2005.02.021
https://dx.doi.org/10.3969/j.issn.0253-3782.2010.03.002
https://dx.doi.org/10.3969/j.issn.1003-1375.2017.02.005

6 1] K 0 0% 45« Bl b B I 9T 7% 14 DX A RS AE F 5T 695

China Earthquake Engineering Journal, 40(2): 288-293 (in Chinese).

MOAT, ERF, XIS E, LA, 1990. 1415 M i 5 35 B MU uf L 2r 7 [0]. MR 244, 12(4) : 448-455.

Lin H C, Wang B P, Liu HR, Jiang J K. 1990. Comparative study of tectonic and collapse earthquakes[J]. Acta Seismologica
Sinica, 12(4): 448-455 (in Chinese).

XUMEE, HN, 7845, 2015, JLAN A8 07 55 0 LR SEBR B (9], CT BRiE 5 WS, 24(2): 199-208.

Liu HY, Tian G, Shi Z J. 2015. The comparison of time-frequency analysis methods and their applications[J]. Computerized
Tomography Theory and Applications, 24(2): 199-208 (in Chinese).

XY, B, H R, FBEE, BIUAR, R, 2012, 5 R b R EE . 0758 R K AR AR A IR BT ST (D). MR AE AR,
34(2): 202-214.

Liu S, Yang J S, Tian B F, Zheng Y, Jiang X D, Xu Z Q. 2012. Discrimination between explosions, mine collapses and earth-
quakes in capital region of China[J]. Acta Seismologica Sinica, 34(2): 202-214 (in Chinese).

HRME B, WA, 2009. BRALSES 6 I B K F # A (9], ARIEHE R, 27(2) 0 1-4.

Shao H C, Luo CJ. 2009. A brief introduction to coal mine collapse and disaster in northern Shaanxi[J]. North China Earth-
quake Sciences, 27(2): 1-4 (in Chinese).

FE 2225, TV, 2009, HRAE S MR A DR REAE 20 BT [0]. PN BE bR, 23(3): 377-385.

Tang L L, Wang H T. 2009. Spectrum characteristics analysis of explosions and earthquakes[J]. Inland Earthquake, 23(3) :
377-385 (in Chinese).

S, w2, WA, B, EALZ, RME. 2010, 22 B JR 10 0% 0 45 B R 0K 30 TR S RRAE AR [T, B R R B e A
12(2): 26-31.

Wang G Z, Ling X S, Zhang Y L, Qi H, Xia S A, Wu H. 2010. Characteristic recognition of non-natural earthquakes such as
explosions in Anhui and the periphery[J]. Journal of Institute of Disaster-Prevention Science and Technology, 12(2) :
26-31 (in Chinese).

TRk, A, AR, PR, 2017, ZALHR E PN TR S R AR b R TR ) 4 [T, AR b R W 5 05, 38(4)
74-80.

Wang HL, Li Z X, Xu X F, Sun P W. 2017. Discrimination criterions of doubtless explosions and earthquakes in northern Hai-
nan area[J]. Seismological and Geomagnetic Observation and Research, 38(4): 74-80 (in Chinese).

T, BN, KFE, BE. 2014, PRV XM R [ S/ g8 BV R AT 5T [J]. AR B AR, 90 T) . 702-708.

Wang P, Hui S X, Di X L, Zhao T. 2014. The analysis of minimum magnitude of completeness of Shaanxi earthquake cata-
logues[J]. Technology for Earthquake Disaster Prevention, 9(S): 702-708 (in Chinese).

Efets, FARAG. 2011, U I AR Hb AR N % 0 R (] MR M R OLIN S5 WF Y, 32(6): 62-67.

Wang T T, Bian Y J. 2011. Criterion selection of earthquake and explosion recognition[J]. Seismological and Geomagnetic Obser-
vation and Research, 32(6): 62—67 (in Chinese).

Tete, HARA, K. 2013, HURR RV DR L5 A PUN DT IE TS (V). MUK B2 PE R, 28(5): 2433-2443.

Wang T T, Bian Y J, Zhang B. 2013. The comprehensive identification methods between earthquakes and explosions[J]. Pro-
gress in Geophysics, 28(5): 2433-2443 (in Chinese).

o, LR, BT 2001, 126 A FF Tt XN R U 00 0 r B 5T (00, PR, 15(1) : 30-38.

Yang C R, Wang GL, Ao X M. 2001. Study on identification criterion of small explosion in Urumqi’s neighbouring area[J].
Inland Earthquake, 15(1): 30-38 (in Chinese).

W35, Raafd, X, ZW. 2016, T AR b X 5 5 i g5 4R 00 Oy i 5 0], SRR, 36(3): 110-115.

Yang F, ZhuJJ, Liu Z, Wu B. 2016. Study on identification methods between earthquakes and explosions occurred in Guang-
dong region[J]. South China Journal of Seismology, 36(3): 110115 (in Chinese).

MOEM, B DR, A e, TR, BRIk, 20100 )N B A A8 e i S TR T B R 4 X 1Y b TR R (D). MR B OY
33(3): 300-307.

Zeng X W, Zhao WM, Li HT, Shi HK, Yao L. 2010. Discrimination between earthquakes and explosions in Ningxia and its
neighboring region using time-frequency spectrum wavelet packet transform[J]. Journal of Seismological Research, 33(3) :

300-307 (in Chinese).


https://dx.doi.org/10.3969/j.issn.0253-3782.2012.02.007
https://dx.doi.org/10.3969/j.issn.1003-1375.2009.02.001
https://dx.doi.org/10.3969/j.issn.1001-8956.2009.03.009
https://dx.doi.org/10.3969/j.issn.1673-8047.2010.02.007
https://dx.doi.org/10.3969/j.issn.1003-3246.2017.04.013
https://dx.doi.org/10.3969/j.issn.1003-3246.2011.06.012
https://dx.doi.org/10.6038/pg20130522
https://dx.doi.org/10.3969/j.issn.1001-8956.2001.01.004
https://dx.doi.org/10.3969/j.issn.1000-0666.2010.03.010
https://dx.doi.org/10.3969/j.issn.0253-3782.2012.02.007
https://dx.doi.org/10.3969/j.issn.1003-1375.2009.02.001
https://dx.doi.org/10.3969/j.issn.1001-8956.2009.03.009
https://dx.doi.org/10.3969/j.issn.1673-8047.2010.02.007
https://dx.doi.org/10.3969/j.issn.1003-3246.2017.04.013
https://dx.doi.org/10.3969/j.issn.1003-3246.2011.06.012
https://dx.doi.org/10.6038/pg20130522
https://dx.doi.org/10.3969/j.issn.1001-8956.2001.01.004
https://dx.doi.org/10.3969/j.issn.1000-0666.2010.03.010

696 H = 2% Eire 2%

SKE Y, WhisAE, AR, RN 2013, =k PR XM i 3 I AR A 455 AR TR AR (D], R G R 3 4, 33(2) .
27-30.

Zhang LF, YaoY S, LiJ G, Wu H B. 2013. Corner frequency characteristic of tectonic earthquakes and collapsed ones in Three
Gorges region[J]. Journal of Geodesy and Geodynamics, 33(2): 27-30 (in Chinese).

JKEE, BRE M, WEEL, LARAS, K5 EE. 2009, MO R AP AR LA [J]. B RR B RE LI S AF Y, 30(5): 20-25.

Zhang P, Wei F S, Pan K, Bian Y J, Jiang X Q. 2009. Comparison of corner frequency between explosion and earthquake[J].
Seismological and Geomagnetic Observation and Research, 30(5): 20-25 (in Chinese).

K, XUTLAL, @R, 1995, JERtHL X MR | B Wi A 6™ 52 /10 SR IETRUB [J]. Mo MumE WL S5 AT 5%, 16(4) : 48-54.

Zhao Y, Liu W H, Gao Y L. 1995. Distinguish in earthquake, explosion and mine earthquake in Beijing area[J]. Seismological
and Geomagnetic Observation and Research, 16(4): 48-54 (in Chinese).

FEIS, MG, VIR 2006, HbRZIC S /N A U 5 R AT ST (9], MR UL 5 A 5, 27(5) : 29-33.

Zheng X F, FuY, Xu S X. 2006. The discrimination and criteria study between blasts and small earthquakes[J]. Seismological
and Geomagnetic Observation and Research, 27(5): 29-33 (in Chinese).

Brune J N. 1970. Tectonic stress and the spectra of seismic shear waves from earthquakes[J]. J Geophys Res, 75(136) :
4997-5009.

Huang N E, Shen Z, Long SR, Wu M C, Shih H H, Zheng Q A, Yen N C, Tung C C, Liu H H. 1998. The empirical mode
decomposition and the Hilbert spectrum for nonlinear and non-stationary time series analysis[J]. Proc Roy Soc London Math

Phys Eng Sci, 454(1971): 903-995.


https://dx.doi.org/10.3969/j.issn.1003-3246.2006.05.006
https://dx.doi.org/10.3969/j.issn.1003-3246.2006.05.006

	 引言
	1 数据的选取与处理
	2 研究方法
	3 特征分析
	3.1 时间域波形特征
	3.2 频率域特征对比
	3.3 时频域特征对比

	4 讨论与结论

