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Characteristics of seismic ambient noise in Sichuan region

Xie Jiangtao® Lin Liping Zhao Min Chen Liang

(Sichuan Earthquake Agency, Chengdu 610041, China)

Abstract: Based on the three-component continuous waveform data recorded by sixty perma-
nent seismic stations in Sichuan seismic network from January 1, 2015 to December 31, 2018,
this paper calculated the noise power spectral densities and corresponding probability density
functions, then gave the statistical characteristics of noise power spectral density at different
frequencies, and finally analyzed the characteristics of noise level at different regions and fre-
quencies. The results show that the high-frequency seismic noises of most stations are affected
by the nearby human activities, production mode and lifestyle, which has obvious seasonal and
diurnal variations. The noise level increases during summer and decreases during winter with
the lowest level during the Spring Festival in the whole year; and the geographical distribution
is not obvious. For double-frequency microseisms, the noise level increases during winter and
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decreases during summer, and has obvious seasonal variation with an average of 1-5 dB,
which has obvious geographical distribution characteristics. The average noise level in eastern
Sichuan is the highest, followed by Panxi region, and the lowest in western Sichuan Plateau.
The microseism peaks have different amplitudes and occur at different frequencies in summer
and winter, with the peaks shifted by 1-2 s toward longer periods in the winter. Compared with
the double-frequency microseism band, the noise energy at primary microseism band is weak-
er, the seasonal variation is not obvious, and the difference of noise level in geographical distri-
bution is significantly reduced. While the long-period (>20 s) noise level has no obvious sea-
sonal variation and no difference in geographical distribution. In addition, installing seismo-
graphs in caves and borehole can effectively reduce the influence of noise sources, temperature
and pressure on high-frequency band and long-period observations, therefore the noise level is
lower than that of shallow installations.

Key words: Sichuan region; ambient noise; noise level; probability density function
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Fig. 1 Distribution of permanent stations in Sichuan digital seismic network
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Fig. 2 PSD-PDF distribution of three-component ambient noise at the stations JJS and TQU

in Sichuan seismic network recorded from January 1, 2015 to December 31, 2018
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Fig. 3 The three-component median and minimum PSD curves for the stations
JJS (a) and TQU (b) in Sichuan seismic network
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PR TP B GE 1T AR 2 B 3l R0 15 R 1 O 45 400 B 1) B B3 M 7 KPR 7 K SP L AR F BRTRD A5
B M 55 11 R ] B 1 1 4 R 75 KO 1 e K 250

A= S e AR B W P KO SZ B A L Tl AR PR IS Sh R A R AR ], ok 2T AT
X R IR BE MR KO R, BT W% KR ER . Mk JE L AR E ORI 2 S
A M e N E AR BT Tl AR 7 306 2l 4 /0 Ml DX BF 455 M 75 KT A G DR A0, e
PP H S EERGE AR A L AR D KR4 M B2 5 AL T AR R 2 4, IR N TR
Bl Tl A S SRS, R KT R AR AT 5 1V e T R 43 b DX Tl A I Bl
A ARG E G BRI, Bl B I B B N F R AR X, Bl A ML DX 28 AR
B R R, GhEC A TIRBIA TR RAE XN, SZHEHE A 3 19 5 1S K, 10—20 Hz 45+
Mg P 7K P v s SRV b X HBOE AE 2%, BE PN LA ST, WA IRYD, AR L EE YA
WA, Aol A, 2w A u A K, & ok KO [ A

DU 1] DX b 7R £ 3 M 7R K TS AR AR Ak 32 BT R R R 9 5 e A N AR TR, AnER L TR, AT
. HAEEE /N R 0.62 dB, e KK 18.68 dB, H o i 5 i b 58 5 7 W 19 M 75 K P8 1 R =
2.69 dB; K 4 2R FH L 22 28 O 211 b 7R 15 31l 11 T 7 /KT 5l 9 22 Oy s R R ORI, B
I 7 S 2 H AR A AR T 35 22 25 07 s 0 M 72 A o, U0 I 1A I 2 B M 7 5 O i R O g
R [ A £ 3l TR LB M 7 R B B R 5 A 20—40 Hz ARt , BUER . £ ORI L D PR AR A Y
W75 K B R AR MR /N, 4B 0.62, 0.65 Fl10.93 dB, JE&4 | 3 1 I A £k R Ml iR & B AR b
FeoR, 23k 15,16, 15.58 F118.48 dB; 7 10—20 Hz #i#, #6221l . fh 58 M e I L AR A4 19
BRSO 1,77, 1.81 A1 1.91 dB, & . il A Eh VR b 78 &5 1) B Atk ik,
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Fig. 5 The vertical-component noise levels of the seismic stations at nighttime (color) and
their difference from daytime (circles) in the selected period bands
(a) 3—10 Hz; (b) 10—20 Hz; (c) 20—40 Hz
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P MEAE FE AT 8K 2 15 0 B S N S A0 Tl A =0 Bl LR R TR (NS i R T R T
KA REAE— € TR LR TP . M52 5 3 7 W M 75 7K O /85 ELR R Ak /Ds, B R4 7
LI R B B R IR, R T R B R R A 1R M R K TR LR R AR b
K, UL 032 B N R i 3 R AR, R A b R A U B T A X IR L An e I L AR UE A
MR G5 R MR S KPR B B A /N2 5 i I8 4T BB FRAR RS, T SRk A K i
o R EE 1Y) M I PR 55, A M R B S PR ML RR A

AN TR) Hby DX 1 W 7 0F 5 308 s A e A0 B s R UL 21 K R A I S KOS H AR AR FRRAIE . McNamara
F1 Buland (2004) 75 35 & W80 21 &5 451 BE (1— 100 Hz) Hb 2% 22 25 5 50 19 45 36 e 5 K SF B 22 4k
15—20 dB, i 2% J 1L i 75 28 22 26 Ml 72 3 19 45 0l e 5 H 28 4k 2 B % 10 dB; Marzorati #1 Bindi
(2006) 7 7 K ) b 56 [ AL UL 2 =5 45 BE (> 1 Hz) M /K- H A8 4B A F 10—20 dB 22 ] 5
Rastin 45 (2012) 78 #7 V4 2% b & WL 1) 1— 10 Hz S 47 19 8 75 H 48 fk 4 7—20 dB; ifii Demuth %5
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Table 1 The vertical-component noise level at nighttime for the seismic stations of Sichuan
digital seismic networks and their difference from daytime
s - . i—l‘o, Hz %t A i 12—20 Hz Jiff ] 2;)—4\1(/) Hz Jiitf A
SR Aoty MR- B RRMEFKTE B RN KR B
/dB /dB /dB /dB /dB /dB
1 =y AXI -127.27 2.25 -118.32 5.21 -109. 54 2.15
2 s AYU -131.74 8.00 -136.56 16.16 -138.21 14.52
3 £ BAX —130.44 8.31 -117.78 6.22 -120.61 10. 66
4 ey BTA ~129.44 10.80 -128.70 13.22 -129.35 11.84
5 WLIE BYD -140.19 12.60 -140.18 9.43 -134.32 6.09
6 e BZH -131.37 10.40 -134.36 11.41 -134.25 11.08
7 A CcD2 -125.10 2.56 -128.30 2.02 -129.47 0.62
8 Hi% CXI -131.53 10.28 -135.32 8.14 -129.87 2.86
9 P DFU -143.91 12.94 -148.38 9.48 -146.51 2.91
10 U L EMS -121.74 9.20 -123.48 11.10 -130.33 13.96
11 L GZA -130.59 4.06 -125.17 5.59 —124.94 3.35
12 ik GZI -129.86 12.40 -137.94 13.45 -135.92 7.78
13 g3l HLI -123.38 9.63 -124.19 7.98 -128.13 9.39
14 Py HMS -133.13 5.94 -136.34 7.78 -134.90 3.90
15 K HSH -133.09 7.44 -126.52 8.01 -128.26 3.66
16 WELL HWS ~136.54 5.29 ~134.05 4.37 -135.98 4.09
17 ARZE HYS -125.08 1.27 -118.83 1.77 -122.46 2.25
18 AW HYU -142.59 14.29 -133.77 13.00 -134.80 12.41
19 A IS -134.91 7.22 -133.69 10.42 -133.33 2.69
20 ik JLI -139.43 10.59 -131.01 12.04 -133.60 14.78
21 Juk JLO —138.43 7.17 -138.66 10.98 —142.43 11.01
22 S1% IMG ~138.83 8.68 -138.19 9.74 -133.98 5.33
23 FiRi IYA -135.63 6.94 -143.38 14.73 —144. 64 11.14
24 JugEl 1ZG ~143.93 10.13 -138.60 10.88 -139.05 9.52
25 Git) LBO -131.24 10.66 -127.53 7.02 -132.99 6.24
26 P LGH —149.44 14.08 -140.25 17.69 -140.59 15.58
27 FYE LTA ~142.38 15.07 -131.62 12.86 -131.36 12.89
28 ALl LZH -131.22 9.94 -126. 66 7.42 —130.66 9.66
29 ih MBI -131.59 13.84 -127.66 13.60 -131.69 13.40
30 EAIN MDS -135.24 10.02 -137.06 14.35 -138.71 10.78
31 YN MEK -141.97 9.81 -137.25 9.69 -138.41 8.31
32 S MGU -134.78 12.20 -125.74 9.81 -128.07 15.16
33 AR MLI -135.31 12.81 -126.96 10.05 -131.70 8.18
34 BT MNI -108.62 1.71 -114.16 4.25 -124.79 7.96
35 HH MXI —134.25 11.63 -134.37 10.36 -133.92 6.51
36 By PGE -128.34 11.18 -133.24 11.94 -138.73 12.89
37 R PWU ~142.46 6.76 -131.86 5.99 -129.30 3.36
38 BRAE PZH ~134.60 11.94 -123.00 14.34 -127.04 11.74
39 H QCH ~142.28 11.17 -138.21 12.09 -135.66 7.61
40 FoR REG -132.80 8.29 -122.80 5.49 -122.06 6.80
41 ey RTA -138.34 13.67 -132.06 14.16 -133.48 13.50
42 ik SMI -129.27 5.63 -128.19 9.15 -134.12 6.46
43 AR SMK ~141.35 11.93 -138.73 11.61 -136.89 6.15
44 T SPA —130.44 5.59 -133.89 5.33 -128.07 1.97
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2R 1
- s 3—10 Hz ¥t 10—20 Hz #iHy 20—40 Hz %
L Bk R MR BREfe REMREKE BB WIEMAEKT BRE
/dB /dB /dB /dB /dB /dB
45 KA TQU -131.84 9.86 -128.01 13.52 -138.34 11.40
46 LT WAC -134.56 7.56 -137.98 13.32 -137.63 13.41
47 bl WCH -129.50 4.09 -129.94 5.84 -135.15 5.22
48 HEEE WMP —142.63 3.89 —145.97 2.85 —140.49 0.93
49 E274 XCE -137.05 8.75 -136.27 6.85 —128.68 0.65
50 (L XCO -134.28 9.76 -134.11 9.14 -132.33 8. 64
51 HIX XHA -133.50 11.09 -116.23 1.91 -110.09 1.65
52 /N XI1 -130.91 8.22 -125.06 10.11 -128.29 9.12
53 LI XSB -136.00 5.82 -134.56 7.61 -133.86 5.26
54 TETH YGD -133.25 5.53 -130.74 4.95 -127.52 2.33
55 HEVL Yn -137.74 9.25 -132.05 10.21 -132.70 10.10
56 s YTI -134.13 7.75 -133.68 10.24 -129.88 10.63
57 b 5 YYC -128.69 6.71 -130.78 7.70 -131.39 8.14
58 hik YYU —144.94 9.33 -140.59 18.68 —135.41 18.48
59 LR YZP -142.15 4.39 -138.50 4.90 —136. 64 3.87
60 o 7JG -121.31 2.11 -122.69 1.81 -118.80 -2.69
f/ME/dB —149. 44 1.27 —148.38 1.77 -146.51 -2.69
K E/dB -108.62 15.07 -114.16 18.68 -109. 54 18.48
FH{H/dB -134.11 8.67 -131.67 9.33 -132.01 7.84
i {H/dB -134.19 9.23 -132.65 9.72 -133.16 8.05

(2016) 7540 28 08 0 1) S35 3 b 52 15 i 1) v AR P K P 19 BB 46/ 5 dB, i 40 Ak T i I e
PR 1 1l 52 5 3 0 R 7 KO H S AL AT 3K 15 dB. X S M X AH G, DI ML X 4 =4 2 —Hh
U I =B (3 Hz LA ) P BB KF 1 B B AR K, /hF 7dB, X — 5 i i T b X
2 MR AL B D R SRR A B AL T N LB 42 X, H K ey 5 e P KO B A g, S —
HHEH TAHESWN T S8, EME kRSB NORE Tl AR ER, T
AW MEE AR TG SR, &l AR Rk, HASfEAR K.
2.2 EHHTR

b 7R 15 38 TR A B MR KT 118 S MR AR Ak 22 5 AR I 7 R A A RO Y Y YR R R A G
(Stutzmann et al, 2000, 2009; Traer et al, 2012) . PUJI| X {7 FAb 8k, Hbi= & vl F 3504 78
26°N & 34°N Z ], {2 4 B0 7 5 b 2 BR i 45 B 1 5 0 U A B 3T 3% A M 75 R AIE ( Asster
etal, 2008; Traer et al, 2012; Wolin et al, 2015) 1L, &l 6 FIIE 7 43 5| i 2 MR 5 = 0 i 12
N 38 ) A3 4% B (PSD) AR Bifl IR (1) 725 Ak 139 43 A B LA B bt A 3150 0,32 s F1 4.695 1 s B (1Y
PSD {H Bl A A8 4k, Hoh, & F K E—4E 12 H  AS4E1HM2H, BFN3HESAH, 2%
KeHESH, MENIOAE 1A . WL B FHEGAEMBEME(2—10s A i, &k
PR Th i . R, & Z MKV R 25 3 dB A 47, M 1 AUKF 43 2 1 7 2 e s
KRR, AT, £ (0.02—0.7 s ) i, & Z=M 5 KF B
i, AT, R AU R, R 1—2 3 HE {8 7—20 X PSD {R(E.

TE = B (0.02—0.7 s Jil ), AT 3] K HR 73 #0758 5 ol 9 3 B . ZKF- 20 i 1 1 24 g P
K ERA W 1) ZE 0 PR AR A, &R KRR, FERAR R 1—2 H [A]3A B —4F 1) e A 1H
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Fig. 6 PSD spectrogram of ambient noise obtained from continuous three-component
records at station DFU from January 1, 2015 to December 31, 2018

JE B W T, EE RPN, 5 GR WA . X MRS T B D S B AR AE
PR B ) R0 B, WL S AR T AR TE S AR DG, DA B R T AR A
2, RIIAERRA H 946 201542 A 18 H . 2016 4-2 A 7 H . 2017 4F 1 A 27 H Al 2018 4F
215 H, MRS AR — H AT 4R 32 W K IR 28 S IR M8, BB A5 15 B0 205 R R P 7KOF- 32 i T v
BIAER P EEEEALGETH, K0 T T, SRR, AT B R R T AR
HRNEZ R RO BOI G, I, & 00 B R KT 76 3k 3] —AF R A . 7R &
G AR, D AR R, REIC AR R AR, 2R AWk E S, &
i T AE b 1) T AR 7R TG B R KA, 2 SR AR BRI, LR A O F Rl A I B B A
FRKWC, Z M0, SRR KOP & T4 3 . e AR 5 A 1 S0 TR UL B 52 o PR A R
KT, 5350 RS E GEH X1 15 0 BT 08I0 380 14 3% 0 55 053 41 15 [a] B 75 7K OSF T B 31
% (Lecocq et al, 2020) 25141 .

PL0.1—0.5 Hz Mty (J& 3] 2—10 s) PR A rb (i 48 1145880 1) rh (B AR 3200 Be I 65 i 17 3
W R K P, o T B M AR £ 4% e TN R It B T L e M A N ) R ) M R
PR A, A5 RN 8 . T UL DU M IX B 3k 0. 1—0. 5 Hz 507 19 1ol 72 401 B M 75 7K Y- 11 2
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kA A o I L, PN R AR AL 1—5 dB. M FEZ R, £ S8 UL #5520, 125 Hz (JE1 1
8 s) [t I M 75 K S 19 2= 2R b/ T 15—20 dB 2Z ] (McNamara, Buland, 2004) ; 7F 8 P4 2= %8
G LI E] 0.25—1 Hz M4 (&I 1—4 s) Ay = 45 P28 fb4b F 6—10 dB Z 8], 0.1—
0.25 Hz 347 (JE 1 4—10 s) 9 Z= 452846 25 4 5 dB (Rastin er al, 2012) 5 7E 3 08I 5] 0. 125—
0.25 Hz 445 iy 2= 5 AR ik 7—22 dB (Demuth ez al, 2016) .
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Fig. 7 PSD values of ambient noise at the central periods 7, 0.32 s and 4. 695 1 s obtained
from continuous three-component records for the station DFU in Sichuan seismic
network from January 1, 2015 to December 31, 2018
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SR A JE 3] 5 s BT, A& ZE 0 {E B A AR 1 AR (KR B sl 1—2 s, FEdb2 BRI B
B (Demuth et al, 2016) 8 XM Z]AH AL, A4 45 5%, 10 76 59 2 BR 04 3 8 22 58 40 & ub W00 3 5 2 Bk 6
A B A M AR T HEZ, &Z0E w5 E W 3 (Rastin et al, 2012) .
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JEIAL T 1—10 s 75 Bl P9 00 SO e 5 8 T 48 28 bk 3, 32 B el TR X0 30 9 U VAR
[&] (%) #H 5. AF A 7= 4 ( Bromirski et al, 2005; Gerstoft, Tanimoto, 2007; Kedar et al, 2008; Yang,
Ritzwoller, 2008) , &R % #E 2 K0y EZRE &, WAL T 5 s JRBIBL . i200 Be e s %
PR TR R, MR AR R S KR O ) DDA O, AR I, B AR Y
b 3 A) 3 AT AR AE L I DA T RO Bt P, b R 5 3l AR L 3y R X A T A
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Fig. 10 Geographic distribution of vertical-component noise level for different periods
at the seismic stations in Sichuan seismic network
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A, 3K — i B2 ) 43 A5 REAE 5 & Sk 2300 T R A BE B M G, B 6 S 5 T I R Y S A
T, MR KGR (08, 181 10d, e) .

JEIAAE T 10—20 s v Bl P4 A R M 7, st 3 — 28 b Bk 3, HC R0 5 1 R 1 = L O
— 5, RAEMIR S A A B AR R P2 4 (Hasselmann, 1963) , 12 05 BE M 75 6 2 5050 —
b ks A BT s, W (R E SR 16 s BRI . 550000 R S AE B, U] DX sk AR O I 3] 2
TR Ak, 0 G D DR S B Sy W T A R 2 Kt N S R e 4 R i D R P 1Y R YR A A
0.063 3 Hz (J& ] 15.80 s) 145 3 0.097 7 Hz (JE ] 10.24 s), Hb P 25 7] 43 A5 (1) M2 75 7K - 25 57
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B 0980/, V] 7 b DXL 2 G e DX PG A R R KA, Herh R S L BK B R R
EERER g b SR P NGE RN

FE SR 20 s DL E AR Y, DO b DX 65 3k ) M 7R KPR 22 B A B s () A A 2 5L
0.048 8 Hz (J& 1] 20.49's) . 0.041 1 Hz (&1 24.33 s) F1 0.020 5 Hz (JA 1] 48.78 ) (1) 5 3 T 1553
it I R K204 B (100, 1, §) Al UL, 8 43 2R HT il O 2222 26 1) b 72 5 3 ) 4 ] S99 Mg 7 K
- bR FH b3 22 e S W P KPR, U B SR LR 22 2B 3RS LA 80 R A TR I 2
R 5 A A %o K ] S0 7 UL 4 5 e

4 Wit 5%t

ASCHFE NG 2015 41 H 1 HZE 2018 4 12 H 31 H Wi [H] 60 4> [ 2 #h 7% £ 3 = /> &
T 2% TV A SR 1) R P N S R T R R R R UM SR B oK B o A, AR E T U )1 M DX AR £
Mt 75 7K SP- B S i) 128 ] (8 28 FR AR AE , 2 BEE5 8 R

1) £ 5 e A0 B M 75 2 g Nk M RS R SRR T b R R B LR RO R e e Uy g
A AR BB T R A s e, R B ORI L B R T, A R R L AR I R R R X R A B
TSRS, AFR {5 0 Y 21 58 M 75 K 7 32 5 6 Rk BRI T P R R 2 T A TR Y sk
IO IE A G . R A B 3—40 Hz N KHB 20 M RZ 45 il M 7 (10 22 PR AR (b A0 H AR (R AiE B i, 28

B 3l B I A LA Y A R A 7 T Bl RS2 AR T 1) AR AR TR O S, R B T A e B
23 [ 43 A AR AR . 6 0l B MR KO T, A RRRAIR, AR B9 AR D A T B0 I ] Ay 4 A IR K
PR ARAE B B . 32 6 il T Ak Hb IX 28 B R B AL K R B SE R, 24 =43 22— 6l i R R KO H AR
fb/NT 7 dB, B AL e KAE S 18. 68 dB.

2) DU M DX M Ab P B, PR R AR A, £ I SR A TRk R A B M S R AR PR 0. 1—
0.5 Hz Bl Br (A 11 2—10 ) B9 55 — ik, = e B A W i, XM, H 5
BEAR, “FXARME S 1—5 dB. 32 4 2= FI B 2 0060 0 000 TR 2 B A9 s M), 4% 2% (1 M 75 /K - D i L B
B 3 dB, AR (Rt B0 A5 e I (R TR D 1 A% 3 1—2 s, & 0l 5 T T R Y R S A
6], 2 B OH I 0% Hb 3 A R 0 A RRAE )1 AR Ml DXOP- 3 R 5 KO fe i, PR ML IX R 2, 17 R
AR . B UETE 10—20 s J& 10000 3] 9 100 52 R P e 055, RV MR AR AN BT B, b 3 A ] A3 A
) M 75 K 2 S5 WY I 00

3) JEATE 20 s DAL £ 30 110 W R 7K A S5t S 1 2 Y A R b B S () 40 A 25 5L 0
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