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Abstract: With the widespread deployment of global seismic networks, the amount of avail-
able seismic data has increased substantially, enhancing opportunities to investigate Earth’s
dynamics. However, issues such as station clock errors and polarity reversals, which arise from
timing system failures, deployment mistakes, or digitization errors, undermine the reliability of
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seismological research. Rapid and accurate detection and correction of these errors in terabyte-
scale datasets are thus essential for effective data preprocessing.

Clock errors are primarily caused by asynchrony between internal and external station
clocks. Existing detection methods include comparing P-wave arrival times at nearby stations,
and using Green’s functions from ambient noise. The former requires high seismicity and clear
phase records, and the latter is limited to stations within small-to-medium apertures due to
signal attenuation. Neither method is suitable for global, long-term datasets spanning decades.
Consequently, new approaches are needed for efficient and accurate detection of clock errors on
a global scale. Polarity reversals, caused by incorrect instrument orientation, cable misconnec-
tion, or digitization symbol errors, also require reliable identification and correction to ensure
data quality. Although the origins of clock errors and polarity reversals are different, both
manifest as phase anomalies in waveform data, affecting measured travel times. Therefore,
developing a unified method to detect both errors simultaneously is feasible and necessary.

The method in this paper utilizes the combination of seismic surface wave relative travel-
time measurements and P-wave arrivals to efficiently detect both clock error and polarity
reversal at stations. Firstly, globally observable long-period surface waves excited by events
with My,=5.5 are selected. The relative travel-times are obtained by measuring recordings of
the same seismic event at different stations. The anomalies of the relative travel-time measure-
ments at a station over a certain time period can reflect the clock errors or polarity reversals of
the station. In order to further reduce the possibility of misjudgment in detection using surface
wave relative travel-time measurements and to distinguish the clock error and polarity reversal,
the proposed method combines the prediction of P-wave arrivals as a secondary check for the
anomalous data.

The proposed method was applied to detect long-period surface waveform data from 2 010
stations of 30 networks during 2008—2012. The results show that twelve stations have clock
error greater than 10 s in fourteen periods, and seven stations have polarity reversal in eight
periods. Clock error detection technique of seismic wave data based on surface wave or P-wave
techniques has their advantages and disadvantages. Surface waves have stronger energy and
usually propagate over long distances, which can satisfy the detection of stations on a global
scale. Due to the existence of interference factors during the measurement of surface waves, it
is difficult to ensure absolute accuracy of the results. Although the detection accuracy of P-wave
method is higher than that of the surface wave method, the lower signal-to-noise ratio of P-wave
propagation over long distances could not satisfy the requirements of the method for a clear
P-wave phase. The proposed method combines the two techniques to achieve better detection
results.

The proposed method utilizes the cluster analysis for the efficient measurement of the relat-
ive travel-times of surface waves and it contains two checks. The first check by surface waves
realizes the accurate and fast detection of a large number of data, and the secondary check by
the P-wave arrival time ensures the accuracy of the final detection results. The application of the
actual waveform data proves that the method can quickly and accurately detect the clock error
and polarity reversal of the stations, which improves the quality of global surface wave velocity
tomography and also provides a reference for the research on the inversion of source mechan-
ism using relevant data. However, the proposed method based on seismic surface wave techno-
logy has its own limitations. Due to measurement errors and source parameter errors, the meth-
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od can only detect large clock error. Additionally, the method is applicable to the clock error
over long time and cannot effectively detect the anomalies of a single event or clock error of less
than one day, which need to be further verified by combining with other data. Considering the
limitations of the current method, further improvements may be worth considering in the future.
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2013; Gouédard et al, 2014; Abbas et al, 2023) . {HJFII/NTF 20 s ()5 o 1 37 K BB 1L 4% )5 &
R U, B A A I N AL AR £ R (G0 OBS 5 FE L XM £ 1 Bk E R b
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338 X TS - T AT A 3 00 R P B I A I 5 I A R R A S 359

Bl A 2 B I W A I A A R, AN Bl GSC7E 1992 4F 1 L 1 2800 19 2 s I
FE 5% (Stehly et al, 2007) . &35 KOWA 7E 2012 4F 10—12 A 542 T 29 150 s A B 4 4% 1R (Xia et
al, 2015) . G0 RAS XS I K v ) g Pl 3R R A A I AR 90 B3k, 3K S AR 05 2 ™ L R ) A G b R
PR A AE R . I, XTI L A BRVE A MR B B AR, PR A . HEA Y B
PR R AGIN 7 i, O b RE A A B R L

Bl R T A Ty A R A R A R A A R AR S AR R R T
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TR RN, AR &l i I B R RV B B 0] L1 7™ AR LRI AS ], (EL 7 2 R 4
RIAEPICAC KA AL 22 b, S5 T7 5 SO0 545 2 /98 i B e . B T axX — 2, R 25 &
R A WA T B, AR SCILAR T — R 52 T I A X B (S P sk B B AR 2 [ B
G0 b 52 5 3l 1) IR A 8 R R R B A R SR T vk, SRR B Z T EE A DI 42 Bk 2 010 A MR
B 3 11 IR e 8 0 IR IR B B B B, LA A3 T Sk R T 1 ) AT AT R R T 8 2R ) o

1 FiERE

S FR My5.5 UL RS 34 Kk A4 1.2 R (Pollitz ez al, 2012) , M2 3 % (K & 309 v 0 15
ST DATE 42 BR VG B P9 8 W0 2] (Ekstrom ef al, 2003) . X A SEILAER G uh DL K R BAAL B i ) R
JEE 1 ) Ao A 8 3R AN P S B 1 3 B A W 1 T S A

[vi] — b 5% B PR3 A T O, AN TR 5 3k T 00 S AR 22 Ag, BT LR R N

Ap,=Ap+Ap,+Ap,, (1

K, Ap N IRWI IR AL 22, Agy Jy H 58 I N R AL 6 22 6 3l P2 AR I ARAL 22, Ap WHLEE 6
il 1) S A T IO A ] 175 SO AR A 22 . AE [ — TR, bR Ik A% 1 B 7 AR A A A7 R0 B B AT DUAR
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Ar: Anp o I R IR AL 3G 2 AN 5 06 r 75 B 0] 255 o S DU S iR 22, 38 0 L AR 4R 3 B b 1Y
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Table 2 The networks recorded the actual application data and the station number in networks
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TA 1439 cu 9 U 79 NZ 10 G 32 XH 16
AF 1 cz 2 KN 10 PM 5 GE 67 XN 11
9D 2 DK 16 MY 7 PS 5 IC 10 XV 2
BE 1 ER 1 Us 62 Ss 1 I 40 XY 58

C 12 MN 17 NR 13 W 7 YT 45 M 30
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Fig. 1 An example of waveform clustering

There are 827 waveforms in this example. The program allows to select the appropriate cut-off value by clicking on the

cluster tree on the right side with the mouse. The vertical yellow line represents a reasonable cut-off for this example

grpreb, MR FA O 0 s A G0 s AT DL O g SR A AT ASE ik
Qb BRSBTS I A 2 A DO R R B R SRR, SE
1ol J0CRR e T ) A O S I 0

2.3 TR 1A X E B O ik

ol o) o EB0007 o0 AWFFEIEIEAT T 116 J7 7 072 i #1072
E I\ L WIEAAE MBI IS AT T A
Zsf /Y L. AP 2 R U R O
= B {om & SEHE H-0.040 7, AFHEE K 10,18, XK
54 ik [ AT A B R (A 10105, i
Al {1y Bkl 22 8 95 WU L AR SO0 A K T
0%5_@_%'6'25 0 10 s [ B B 22 BE A R A7 A 0K, 1A ooy
R E B A /s ~10—10s ﬁ”zljﬂﬁ%‘?@ [ﬁ] )
2 AR B A (8 1 4 7 TR OO € 7 ) i FH A Y 45 21 B4 10 mHz T 3% 540
SRS 2 Gl (i 2 AT A BRUH R B I, R 0 T 4 2
Fig. 2 Distribution histogram (gray squares) of %%W_,I#ﬂ((Ma etal, 2014) . fi{ﬁ%%ﬁﬂ & 3
relative traveltime measurements and the B 7 , R 1% 2 LR %ﬁf 2 1 5 W 2 U I

normal distribution curve (blue curve)

F1% 50 30 4 R A o LA



338 X TS - T AT A 3 00 R P B I A I 5 I A R R A S 363

X T BAS G 3, FRATTRE AR X A B 0 e R G 4% 2 e HL T N ) b R S R R AR ) R
g HES) . R 4 BT s . B IE W A AAK B R X E I 4 R 280 T-10—10 s
B IE KRR P 5 H SR PR AR R B AR ﬁﬁkﬁ’)hﬁ*ﬁﬁiﬁﬁ(ﬂ"iﬁxﬂ“E’JHAﬁﬁﬁﬁl/ﬁﬁEw&
L, 03 50 R A 0HE 55 BT 7 5 T A2 0 6 15 2 R R U5 6 1R 25 A6 T R 19 T4, > SRR ) 5 e
B2 (RN 0L A 3% 2 1 S B R AR A O B AL HE B, NS 110 KA B .

€}

@ 12t
S0t
~
& st
<_
# 6
=2t
(= n : n : n
—40 0 40
FHRAE R LA TR /s
I I I |
—55% —45% —3.5% —25% —15% —0.5% 0.5% 1.5% 2.5% 3.5% 4.5% 5.5%

WEDE
€3 FIH 10 mHz T 20 S 4 3R 5 P K HANL & 5% 22 03 A
Pl (a) () 735 P00 R AB 2, 10 1 100 FYZ52RE; [ (d) S A 10 AAH XS B0 L 00 45 5 2 T A
Fig. 3 Global surface wave velocity map by 10 mHz surface wave inversion and the distribution of misfit residuals

Figs. (a)—(c) are the results when the smoothing factor 1 is 2, 10 and 100, respectively; Fig. (d) is histogram of

the fitting residuals of relative traveltime measurements when A is 10
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Fig. 4 Line chart of relative traveltime measurements (blue dots) and fitting residuals (green square dots)

of the station AAK of Network II during the period from the 1st to the 170th day in 2012
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Fig. 5 Line chart of the relative traveltime measurements (blue dots) and fitting residuals (green square dots)

of the stations ECH (a) and STU (b) from the 1st to the 80th day in 2011, respectively

[ MAEN —— BARE - - EwES

AHRS ERT /s
Mk ZE

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Y3 R

Bl 6 Fuli ERM £ 2010 £F55 1—180 K 4[] A AH X0 7 il o {45 40045 5% 2 i K ]

Fig. 6 Line chart of the relative traveltime measurements (blue dots) and fitting residuals

(green square dots) of the station ERM from the 1st to the 180th day in 2010
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Fig. 7 Line chart of relative traveltime measurements and fitting residuals and waveforms of two example events
(a) Line chart of relative traveltime measurements and fitting residuals at the station ULN of network IU during the period
from 150th to 230th day in 2010; (b) The waveforms of the My6. 2 earthquake recorded by five stations on the 167th
day in 2010; (c) The waveforms of the My,7. 3 earthquake recorded by the five stations on the 222nd day in 2010.

The red waveform is the record of the ULN station (clock error), and the black waveform is the record of

the normal station. The blue dotted line indicates the predicted arrival of P wave, the same below
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Fig. 8 Line chart of relative traveltime measurements and fitting residuals and waveforms of the example event
Figs. (a) and (b) show the relative traveltime measurements (blue dots) and fitting residuals (green square dots) of
the stations ERM and GRGR from the 130th to 230th day of 2011, respectively; Figs. (c) and (d) are the
waveforms of the My,7. 3 earthquake recorded by five stations on the 175th day of 2011, respectively
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Table 3 Periods of clock errors detected at the seismic stations in this study
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Table 4 Periods of polarity reversal at the seismic stations in this study
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Fig. 9 Line chart of relative traveltime measurements and fitting residuals and waveforms of example event
(a) The relative traveltime measurement value (blue dots) and fitting residuals (green square dots) of the station
ULN during the second half of 2012; (b) The waveforms of the My7. 8 earthquake
on the 302th day of 2012 recorded by five stations

150° 180°

m‘{)@%j ' () {3ESNZO Jhif 133°

PRI

ZWBKZ Ji 1310

I

4

3%
i

HuURZ J7 i ffy 130°

Oy

PRI

==t
| | L L L L
LY I I
m I }2 700 800 900 1000 1100 1200
4 AUk Sl R /s

L L

B 10 2008 4301 Mg8. 0 MuRZ=RF KoHrvh 2% i = A 5 i B AL B0 A (a) M 10 5% (b)
R IEBAE AR 0.01—0. 02 Hz JEJHEALHE)
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