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Discussion on usage of GPS observational data and
focal mechanism in earthquake prediction research

—Comment on Wang Xiuwen's paper
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Abstract In view of “ Research on relationship between stress field variation and earthquakes in
Shanxi area”, this paper shows that 1. it is normal having inconsistent signs because there is some
possibility of misreading the first motion polarity of P waveform; 2. the polarity of seismometer may be

reserved, it would lead to wrong focal mechanisms if the polarity of seismometer is not corrected
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when we use the first motion polarity to invert for focal mechanism. Moreover, we also discussed
how to exactly display the temporal changes of focal mechanisms. Not consider seriously the
observational error, model error and the level of strain information, the regional tectonic stress
field derived from GPS data would be in contradiction with those from focal mechanisms.
Through the comparison of the difference, advantage and disadvantage between seismic data and
GPS data, we deem that they just can be complementary. Combined inversion, interpretation and
mutual constraint of GPS data and seismic data will increase the reliability of inversion results.

Cross-disciplinary integration between seismology and GPS will powerfully push the geosciences

research forward.
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Table 1 Source parameters for checking P-wave first motion of Datong seismic network
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of Datong seismic network
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Fig. 1 The projection of P-wave first motion of Datong
seismic network in focal mechanism solution. Compressional
quadrants are shown shaded, solid circle marks positive
P-wave first motions, whereas the open circle marks negative
ones. Solid triangle represents P axis, open triangle represents

T axis. (a)Japan earthquack; (b) Lancang earthquack
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Fig. 2 The projection of focal mechanism and stress
axis of Shanxi province from 2007 to 2010, the fault

data from Deng Qidong et al. [*%

A e XA B T BF ST 5E I A2 1 GPS WL o
400 7R3 5 E AR 2 [ 22 1. — A AR S e
SRR AR M DX T SR R Bl B H
7 AT A — S A O B B M XL X 7R =S 1) b
R A I A8 S — el 107 /a 4R 0. B R 0 3 114
7 B FT LA B2 B0 A0 A B4R B AH X — B Y £
SR 2 25 2 [ 25 R BE 1 DA I AR X B 4 JC
[F] A LA 82 4 DX 3t R R AR A TR 250 A [ AR
SED PEAEAIE T 3% 25 GPS WL K 3 b i e 7 5
g PR 28, v A - R R AR B AR A R R AU
il U S R K T RS e L LBk R AR
ARG fie R JRE A A R O R 22 L R S I ) R B
Ji X AR 7R - AN R s Bl 3 sl A S 3 0 O AR X
(49 7 7 2 Al P T SR ALLT 1o o4 BB e i 4 0L —
W ULERO 1 GPS Bk 2108 240 M BE 17 1R 22 71
Hr. i T 107G GPS 0 ) 5247 R 70 A7 — e ok 15 A 7
R 2 AR AR 5 — A RUBE 25 L 0 UL 5% 2 4 LU B oK.
TE MR 1 5 55 RE W 4R M A 2 Bl i) A2 15 B R
DX I 73 BT BT 7 2 A LR

5 et

Hi R A B PR R AR T M BR A A8 B BT,
— R b AR SR P BRI Y T B B . MR PR
P B AR 1 R R IE R T AR AR R T I b R B B 5
30T B RE A R M 2 T B W R B A )
ST R SR e S A5 LA R A W R A SRR AT 5 Y
A (7 A 25 B R AN A e A B P ) — A LA
2R AR AL B K N A E 4> & 5 s 3G R 7
(18 O 2 . B JRUAR S50 3 el o v o] 50 = el 7 08 ) %)
27 —AER) IR P EARE BT 45 T 803 AN TEAHY
R B WAl . G5 REBWLH 270 B Ui fATE
A 7 A 25 =8° VB i IRV L B M S R S
5] 7L, Shy FF e b 5 45 o) S e A R B A B T AR A
T i it R RBERELESH, N T
CAPY* * [ Snoke J5 i2:5 45 {ff FHI e I B2 52 1 HL 1
NG =

VERRMESTEDR Y T AL s X My 3 B 1 3 2 )5 35
WA B DX N ) b e o8 A B AT ) A X AT —
N7 ) B 2R B I AT Y 5 L ) 2R 5 A AT Y X
Tl AP R AN BT BE A ARG I ) 4R R X 5 S AT A

2) HE B LRSS GPS 5 B0 Ak 5 5 R A (E
B 28RS #BHPPT). 2010. 5. 6



111

R LA R T A 5 A GPS R IR AL T TR 1Y ) PR )

2989

5 E 75 CE R

T35 v DX B 0 SR B il L ) 30 AR T
2 20 i 2. a0 SRR b T 1 T BE AT S A L X
ol {22 L 1055 07 7 R /INAE 4 DX AN 149 20 93 A A RS Rl
WK AR o 475 355 0 R IR AR A SCHER R, AR 0 R R B L v B
Bty ' 28 et 3 XN g 7 1) o A 4 7 E A 2 2]
FEBA TR ITIE RN R - 4 R S B A8 A7 1 A7 1E
AR Fate S A D7/ B
SCHRES 120 A 1T LY BB il GP'S i 7= ] 2% i
R 1996 AF TF4f WL LA 4% A if J A9 A2 4L L 352 2 A
BT AR AR E W N AR I A5 AR A N 2 R
XEEATE SRR LG s oA 3 [ P R
F o SO P A X i B R R RS A IE R
HORAS A REHE B X 20 5, A b BT T SR 4R B
“HUFRRTIR”. BARARSY RS A GPS W A
IO B 1 22 B g T GPS WL 3 B 11 1% 22 7 1
NP A TE R L R AATTIA “FE AL T /N v ] AR
I F AT GPS f 08I0 RS 5 38 A BE 58 4 T A2 3t 0 A2
ARG BER B 5 B SN E AL 5 55 b vl
SO SE AR IR ZE WA Z AT . A AE GPS W
FF A 3t DX 3t 7% P 75 22 AR 15 B R 2 19 B
ek AR e UL F A E G BCHE TR A3 T O IR
BESR E 2548 GPS M= A 5Tkt s 4 AL 2 Fh
TR S AR A L2 TR LAY Ik R TR
B SEEPTE R TR AR RS R SR
VR 52 45 BEVR 8 = AT 9 B3 TR S Pt T
SR LA AR 7 ARE RS B L 2B
WF9E 51 V7 S MEBI 5 53RN E LT 9 51 A SRR X B E
I B MREIRBR 6 SCRL SRR R & A AR OG5 B R
SEEF PR AL 7Y M 52 PP BORE L AR — I RN IR
S

2 2% 3 ik (References)

C1] B R XA R g R4, 2001,
23(5): 492~501
Xu Z H. A present-day tectonic stress map for eastern Asia
region. Acta Seismologica Sinica (in Chinese). 2001, 23
(5): 492~501

[ 2] Zoback M L, Zoback M D, Adams J, et al. Global patterns
of tectonic stress. Nature, 1989, 341(6240): 291~298

[ 3] Wang Q, Zhang P Z, Freymueller ] T, et al. Present-day
crustal deformation in China constrained by GPS

measurements. Science, 2001, 294(5542) . 574~577

[4] LiY X, Yang G H, Li Z., et al. Movement and strain

3t E AN N,

[5]

L6]

7]

[8]

[10]

(11]

[12]

[13]

[14]

[15]

conditions of active blocks in the Chinese mainland. Science
China Earth Sciences, 2003, 46(Suppl.); 82~117

FFH REZ, HEAES. LVE XN 5L S b ER
KR, HERYHLAEHR . 2010, 53(5): 1127~1133

Wang X W, Song M Q. Yang G H, et al. Research on
relationship between stress field variation and earthquakes in
Shanxi area, China. Chinese J. (in Chinese),
2010, 53(5): 1127~1133

VEmE, VPRI, SR T SKREIEHLE P #0300 4% 5 2
IR . MR R 5 ST, 1996, 16(4) : 34~42

Xu X T, Xu Z H, Zhang D N. A probabilistic grid test

Geophys.

method of determining earthquake focal mechanism using P-
wave onset polarity data. Seismological and Geomagnetic
Observation and Research (in Chinese), 1996, 16(4). 34~
42

Shannon C E. The Mathematical Theory of Communication.
Champaign: University of Illinois Press, 1949

Pakiser L C, Steinhart J S. Explosion Seismology in the
Western Hemisphere. In: Odishaw H, ed. Research in
Geophysics. Cambridge: M. 1. T. Press, 1964

Aki K. Signal to Noise Ratio in Seismic Measurements. In:
Aoki H. lizuka S. eds.
Tokyo: Tokai University Press, 1976

Volcanoes and Tectonosphere.

Aki K, Richards P G. Quantitative Seismology: Theory and
Methods. San Francisco: W. H. Freeman and Company,
1980. 576~579

XA, ERE . ESE. RE— P 2 R RE TS AR I
TG AL B PR, 1994, (4. 33~39

Liu W, Wang Z L., Meng Y Y. Change process of the focal
stress field before and after 2 Datong-Yanggao earthquakes.
Earthquake Research in Shanxi (in Chinese), 1994, (4):
33~39

JKRPUE, AKX, FRIR. 1989 4F K [A— FH & 3t 52 ¥ 51 14 Bk
ZURRE. MiRR SRR, 1993, ISUE T . 528~534

Zhang S C, Diao G L, Yu L. M. Fracture feature of 1989
Datong-Yanggao Earthquake. Acta Seismologica Sinica (in
Chinese)» 1993, 15(Suppl. ) : 528~534

AREE RN, WK . K IR M I B A R I AR R AL W A
B9 —BCMEARAE. PR HLRE . 2004, 18(3): 202~206

Diao G L, Zhao Y P, Chuo Y Q. et al. Coherence
characteristics of focal mechanism solutions of later-period
strong aftershocks. Inland Earthquake (in Chinese), 2004,
18(3): 202~206

BEAH. AU SR ) 5 R FEA SRR, R B4R, 1980,
23(4) . 376~388

Li Q Z. General features of the stress field in the crust of
north China. Chinese J. Geophys. (in Chinese), 1980, 23
(4): 376~388

ViR, fE WL R 2 AN /)t AR A T 0 A b i X A
NG, HEE . 1983, 5(3): 268~279

Xu Z H. Yan M, Zhao Z H. Evaluation of the direction of

tectonic stress in north China from recorded data of a large



2990

H Bk ¥ B % R (Chinese J. Geophys. )

54 &

[16]

(171

[18]

[19]

[20]

[21]

[22]

(23]

number of small earthquakes. Acta Seismologica Sinica (in
Chinese) , 1983, 5(3): 268~279

D% N <5 - B K s [t R (s | N T E A S AV
Y. PR AR . 1990, 12(4) : 20~25

Cheng E L, Zhang M F. Modern NW-NNW tension stress
field of rift valley series in Shanxi province. Northwestern
Seismological Journal (in Chinese), 1990, 12(4): 20~25
X #h, BOEOF, TR A LV X A Y 3. g
M, 1993, (3): 3~11

Liu W, Zhao X P, An W P, et al. The crustal stress field in
Shanxi province.
Chinese) s 1993, (3): 3~11

AR, WEM, BT &% BUIM 7. OMBELEM, 7. 63 %
HIJ NV F7 37 e g B 42 T U AT BE B R JE B L. BR W BE A AR
2011, 54(1). 128~136

Diao G L, Xu X W, Chen Y G. et al

Earthquake Research in Shanxi (in

The precursory
significance of tectonic stress field transformation before the
Wenchuan M, 7.9 earthquake and the Chi-Chi M,7.6
carthquake. Chinese J. Geophys. (in Chinese), 2011, 54
(1): 128~136

Frohlich C. Triangle diagrams: ternary graphs to display
similarity and diversity of earthquake focal mechanisms.
Physics of the Earth and Planetary Interiors, 1992, 75(1-
3): 193~198

AREE, PRI, FEAH. RGN R SRS
TSR FR T 5 ). h SRR, 1992, (3): 86~92

Diao G L, Yu L M, Li Q Z. Hierarchical clustering analysis
of the focal mechanism solution-taking the Haicheng earthquake
sequences for example. FEarthquake Research in China (in
Chinese) , 1992, (3): 86~92

ERE, AL T8 5K A #h K 5 50 0 50 ok &
(CMD) fife — SO i T 72 L. M2 2% 4k, 2005, 27 (2):
178~183

Wang J G, Diao G L. Consistent CMT solutions from
Harvard university before the great earthquakes in Kurile
islands and its significance for earthquake prediction. Acta
Seismologica Sinica (in Chinese), 2005, 27(2). 178~183
SR, 5 AR, B EAES . LV IR AR A AR
REHE. K305 5 ek 3h I3 2%, 2010, 30(4): 36~42
Guo L. Q, Zhan W, Yang G H, et al. Short-term
displacement and characteristics of strain rate of Shanxi fault
subsidence zone. Journal of Geodesy and Geodynamics (in
Chinese) , 2010, 30(4) . 36~42

BEE, S, B WS I X REJLEKTIE LY
B SCETHE. INRBHE R (B AR RD . 2009, 28
(6): 1~38

Yang G H, Han Y P, Yang B, et al. Meanings and
discussion on the horizontal deformation fields in north China

in recent years. Jouwrnal of Shandong University of Science

and Technology (Natural Science) (in Chinese), 2009, 28

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

(6): 1~8

Ny, e, A%, PR R SR PLS IRIE
VORI E /NSRS IWERY A, 1984, 27(3) . 249~256
Liang SH, Li Y M, Shu P Y, et al. On the determining of

source parameters of small earthquakes by using amplitude
ratios of P and S from regional network observations. Chinese
J. Geophys. (Acta Geophysica Sinica) (in Chinese), 1984,
27(3): 249~256

Gephart ] W, FMSI: A fortran program for inverting fault/
slickenside and earthquake focal mechanism data to obtain the
regional stress tensor. Computers & Geosciences, 1990, 16
(7): 953~989

XA A e 4. hENE . Jbat:
Witk , 2007

DengQ D, Ran Y K, Yang X P, et al. Map of Active

Tectonics in China (in Chinese). Beijing: Seismological
Press, 2007

Niu F L, LiJ. Component azimuths of the CEArray stations
estimated from P-wave particle motion. Earthquake Science ,
2011, 24(1).: 3~13

Zhao L. S, Helmberger D V.
broadband regional seismograms. Bull. Seism. Soc. Am. ,
1994, 84. 91~104

Zhu L P,

Source estimation from

Helmberger D V. Advancement in source
estimation techniques using broadband regional seismograms.
Bull. Seism. Soc. Am., 1996, 86(5): 1634~1641

Sonke J A, Munsey J] W, Teague A G, et al. A program for
focal mechanism determination by combined use of polarity
and SV-P amplitude ratio data. FEarthquake Notes, 1984, 55
(3): 15

KA, AREFR. 1t GPS b g 8 L 15 22 5 |2 vy pof A 2 3
PR IR ZE ST, K& 5 ek sl f %, 2007, 27(6):
51~57

Zhu S B, Shi Y L. Error analysis of strain rates resulted from
Journal of Geodesy and
Geodynamics (in Chinese), 2007, 27(6): 51~57

BEE, KR, B S BRI S AT G A T ) K
A w25 8 TE. b 5 5 Bk 3h ) %, 2010, 30(4) .
59~63

Yang G H, Wu Y Q. Yang B, et al. Several problems of

errors of GPS measurement.

strain calculation analysis and the correction of related

deviation. Journal of Geodesy and Geodynamics ( in
Chinese) , 2010, 30(4): 59~63

B WL SRIKEE. N S KT8 3 b i s g S R AR O
BRI S HERS) Iy, 2010, 30(5): 106~111

Yang B, Zhang F S, Zhan W, et al. Experiment for filtering
horizontal movement field and its strain calculation. Journal
of Geodesy and Geodynamics (in Chinese), 2010, 30(5):
106~111

ORICH . W19



