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Time-frequency analysis of the influence of Japan My9.1
earthquake on regional thermal radiation background field

2) 2),%

Wei Congxin“?  Zhang Yuansheng" Wang Ying"

1) Lanzhou Institute of Seismology, China Earthquake Administration, Lanzhou 730000, China
2) Lanzhou Base of Institute of Earthquake Forecasting, China Earthquake Administration, Lanzhou 730000, China

Abstract: A major earthquake has a greater impact on the thermal radiation background field in
and around the epicenter. The black body temperature (TBB) data in the region of (30°N—
45°N, 135°E—150°E) from 2007 to 2016 which is from the Chinese stationary weather satel-
lite series (FY-2C/2E/2F/2G) was processed using time-frequency relative power spectrum (T-F
RPS for short) with full-time and full-band, and we got the thermal radiation anomalies. The
result shows that the characteristics of thermal radiation anomalies are obvious and well corres-
ponding to the seismogenic structure of the Japan My9. 1 earthquake on March 11, 2011. In
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addition, we used the time-frequency analysis method to analyze the influence of the My9. 1
earthquake on the thermal radiation background in the above region. It was found that a long-
term thermal radiation anomaly in the region in 2011, which was inconsistent with other years,
displayed as three phases from appearance to maximum and then to disappearance. Mean-
while, we compared the similarities and differences of seismic thermal radiation anomalies pro-
cessed by multi-scale relative power spectrum. It is indicated that the relative Fourier power
spectrum with the 6th-order wavelet transform is more effectively with different window lengths
to extract and recognize the thermal radiation anomalies. A total of six thermal radiation
anomalies occurred in ten years, among which twice occurred in 2011 and three anomalies cor-
responded to the earthquakes in other years of this area, and the remaining one anomaly had no
earthquake to correspond to.

Key words: thermal radiation; Japan My9.1 earthquake; spatio-temporal anomaly; geosta-
tionary meteorological satellite; time-frequency analysis
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b 72 PR S S AR R R — R B IR AR B AT S PSS AR R, XTI 2R AE B RN B U
T 5% b 5 AR S 10 X oL TN R I 9 2 S A Sk Kt R i B e R Y PR S S AN IR R
= A AE AL AP AT IRAE B (Gorny ef al, 1988; A1 IESE, 1990, 1998; Qiang et al, 1991a, b, c,
1997; FPRALAE, 20055 DhEESE, 2006), I A] FIFHBUA 1948 BT 5 A S0 B3R ORI (Xu et al,
1995; sRAHIESE, 1998; FWH4E, 2013) . B 4% AH X 2 % % vk (time-frequency relative power spec-
trum, 45 S T-F RPS) BE A% 1R 47 A 45 TCRN 3 1) b 5% #4068 O 7 % (SR %5, 2010; Zhang et al,
2010; Weieral, 2013), it A Ao K l, WP AN 015 3] 1 B i iy S 0 45 R (5K oo
A4 2002, 2004, 2011; BLMAE4E, 2011, 2013, 2014; FRIE45, 2013, 2014; 5KHESE, 2013a, b).

— YRR R M 2 A A 2 X X I A S T S i AR K ), AR S KB SE T 2011 4E 3 A
11 H H A My9. 147 K 52 X 52 K B I o 3l 54 5 o S s . o TR ) B 2wk i) b [
#1E R B E K= =5 R 5 (FY-2C/2E/2F/2G) 11 5% I (temperature of black body, %5 2 TBB)
OB, G AN B R X D R AR AL B, TR 2011 4E 3 H 11 H H AR My9. 1 4 KRR Y
PR S 5 AR R, R ST I M AR Y PR S S R R AE LR A A3 BT O A 5 10 4FE (2007 —
2016 4F ) ) 7 Kz i 3 IX 38 (30°N—45°N, 135°E—150°E) it AR 5145 537, % FE IS8 A ) /DN ik
A e RURE PR 7 RIS [6) 1 4T 04 FF 6T T %33 A LA 1) ) 7 A 6 O 5

eIt | KRR e | T A R AR B A RO AR B A oS s 2kt H AR L FRE A K
JA] 2 Hby X4 A8 3 R A B L 2% SR AR B ) A 5% s 1 RN R ) 9 Bl 7E I UCRE R Ml R AR X
PR T R L E 1S SR . 1958 4E Etorofu My, 8.4 HiiE . 1963 4E Kuril My,8. 6 H17Z . 2003 4
Tokachi-Oki My,8.3 Hi 7% F1 2011 4F Tohoku My,9. 0 Hb 5% 2 Mz 1] M1 7% 3% 30 M 15 s 5 17 1933 4E
Sanriku-Oki MyS8. 4 35 5% F1 1994 4= Shikotan My,8. 3 Hi 5% Je A v Al B A1 b 58 M B 1) 22 47 P8l 1 35
A 5| S A A P b R 3 Bl (USGS, 2013) .

2011 4E 3 H 11 H HAA I 7516 B2 T & 42 59 My9. 1 M2 4 A JH DL ZR 400 km A4 0 i A
Heih FOY ik 240, H= A 01wl 802 T 2 A BET, 1AL T SRR I N B T RS A
FEAG . 2007 4E 1 H E 2016 4F 12 A, 7E(30°N—45°N, 135°E—150°E) X 3 P 3t % 4 8 R My >7.0
SRAE, Ho 2011 48 5k, 2009, 2012 F12013 445 1k, BAR(GFES TR 1. WNERP A LIEH,
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Table 1 Parameters of My >7.0 earthquakes in the studied area from January 2007 to December 2016

ﬁfﬁ? sz et ARV A My
2009-08-09 137.94 33.17 292 7.1
2011-03-09 142.84 38.44 32 7.3
2011-03-11 142.37 38.30 29 9.1
2011-03-11 141.11 36.28 43 7.9
2011-03-11 144.59 38.06 19 7.7
2011-04-07 141.59 38.28 42 7.1
2012-12-07 143.95 37.89 31 7.3
2013-10-25 144.66 37.16 35 7.1

H: BdlES1 A USGS HiiE H 5% (USGS, 2013).

2011 4F 3 H 11 H My9. 1 MR AF G 1R - TR R BRIE, 2011 4F 3 H 9 H ) My7.3 HiZ A TTE,
3H 11 B My9. 1 #iZ R E5Z, Fl—H M My7.9 #HiZ . My7.7 ¥ER4 A 7 BB My=7.1 30
RN E

1 HiEESHZE

1.1 HiEEH

TE A EFH AP EBEIERSETRERN S 5 R (FY-2C/2E/2F/2G) , H M2 5% /Y
TBB HA7 T 45 /4 8048 FRAE , BIVE (8] 0] b R0 255 8] — S0P, 76 R i AV 5 5= 180l FnF 5
B A N2, RS DR, C 2(FY-2C), T 20044510 A 19 HA S, DEEAT
105°F ARl a5, A %R m b £n 46 R AT U6 [ e 1 46 46 55 4% VISSR; E & (FY-2E), T
2008 4 12 A 23 H &S, # AL T 105°E 7ril F255 F £(FY-2F), T 20124 1 H 11 H & 4t; FY-
2G W= 5 (034i) DEFRSE B I, T20144 12 H31HES, AH201547H1H
TG 2 A7 T 105°E AR3H a5, IR 324000 AR 55

WFE E s U5 T B kR TR = R TBB & B A, 55 Rk 1k B 1) 3 [ R
2007 4E 1 H 1 HZE 2016 4 12 H 31 H, = [E{EF 4 (30°N—45°N, 135°E—150°E) . A /> K [H
B 5 R R, e RO SR A A LI BB L B e B i A (GMT) 17:00, 18:00, 19:00,
20:00, 21:00. R M 56T 5 H X LA B 20 09 B0 20 47 7 AL 3, KBRSy =sg i, IR 5
HAF¥{A, 4 A% H {4 (Zhang et al, 2010) .
1.2 B3RS AL

Ak 45 43 A B EF 41 B 5 38849 B (joint time-frequency analysis, & 5 & JTFA), FHAE hy 4 A i 28
EFRESHNA T H, & ARG S A BB 5T 0 — A5 (B, 2013; E#H%,
2013; sKARRIAE, 2013; XU HESE, 2015) . B A 43 BT 5 vk B A 1 Asf a] sl A 000 5 B 1 K 5 o A
G TR MR T E S URBE N [ AR 1 0GR, HOR AU BT I [R] AU 1 KA bR
B, FE AT [ B AR AR S R A (R B ) R Y BB ik 4 R IO L B[R] R Y K bR G R AL
TR A BT 43 A . R T S0 4 A1 O 23 B i A5 5, BB 45 4 I 220 1 B I 01 3 S L (L, JF
L RE A% 8 A7 A A5 08 I RS AR A S AR I T

I /N D A8 4 %ok T A S 22 41 H(E BCH R A7 A0 31, DA B8 1 AR S 37 (B 3 43 )
EARIR E M E RN Z BRI IR Y . 443 50 BT A A Daubechies 3 oR 51 /N 5% A8 e 6 [
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DA [ 35 3 A5 0 4050 2R R i L 0 B 04 8L, BIVERE A8 43 O vk . A i LA A TBB H
(R (9 20 BT, /NI 28 48 1) 7 B RUJBE R 2 I R s 388 8 I8 T AR g b 2 I e ) <4 A8 b 4 A
W ER . RIS R OCER, FRATXE AT S IE 67 AH 8] 1) 8 3 45 SR AE 64 K K A X Tl R
R S TR LB 5 b AR TS R SR A D) R 5 e B T g 0 22 5, AR A
— {5 I B BT A A8 2R ) T R A AR X i (R A B, AR B ) R B A AR X e A B L S e A A E
kA5 A 2 B, R st T R AT A s L MBI, R B R AR S
1.3 REHESH

HUER 5 A0 K 23 I 20 E AT 26 e AC e, [A) N MU ER 2R S8 A 5 25 e 4, 6 W R SR AT AE
— A WFIE N GAR T M R S TR R AR S ME S DA, ORI TR R 20 AR R RL, 5
Sy IR AN M, BRERT b E MR S R AR AR S Y, O iE— B o i VR O R
Yy 2558 B il (BRI = 45, 2004) . AR 44 38 1 2 sl dE b 7R R 2 X b 3% $0%8 59 3 (Hi 3R 52 1) 1 5%
M, Xof ) FH T HRAT A 3 R PR 3% Ml 2 T R BT 20 A ) R S, MRS R D, s
9 365 135 2h sl AR Bl AR R R A B K PR AR B9 5 RS i AR AR B oy, S HbIE | 4R g o
M S5 B R A SR MR IR S BUA DA R LA AR B E ) (BRI = 45, 2009) .
1.4 HIEAEITIE

Bodls it 8 I S w R U A LLR 4 25 O ol T Ab B, ARS8 5E B (30°N—45°N,
135°E—150°E) 1E &y TBB J& 4 /IN i 0000 50 40 X3, 454 A =07 48 Sy o FH £ 4% =X DL & S 221 )
B @ ANFREE/NGE AR, R %00 6 By ROEE 7 By RUBE B2 2 B F1 7 By 3 08 )k 450
it @ FXT TG IE T, %R AL /N AR e e B VR R R G (64, 128, 256 Fil 512 K) 1 1l
I R, I 0 4 A AR X AL B ( Zhang e al, 2010), X FESEIRAS T OAH XTI N S B dE ; @
SR UM BRI, g S A s A A B s | A AR B AT R R R P O S

2 MESWREHE RS

2.1 BEAM.1MEREFREBELTESN

JO7 T Fsf A0 AFDX By 238 3 i /N B A 48 6 B RUBE A 40 0 AT 512 K 10 4K 1) ol B I A X 2 S48 3% Al
11, T 256 KR W XF 2007—2016 4F 10 48] (30°N—45°N, 135°E—150°E) 5% [] {5 Hl
PEAT At s AT, I E] 2011 45 1 H 10 H & 2011 4 4 H 30 H 8 TR R . KU B8
PR O S w (B 1), HARE AR E  REE S, BB mEnREmEss
2011 4E 3 H 11 H HAA M &K1 52T H My9. 1 M2 X W B4, mhasfbd R . S
B(2011 4 1 H 10 HZAT) 5 5 AR T (B A0 ARG 20 15 K HiA e K (2011 4F 2 H 20 H A4
2310 HZEA) , NG A & A uF B 58 B WiiH 2 (2011 4 4 H 30 H A7), AT LLAE
i MR R % M R AR S S (BT 1) - DS TR] JEII OO 3¢ 1 #A 2SR VF, ] T-F RPS /i
AR S RUBE (6 By RUBEFB 43 F10 7 By ROBEHS 43 ), IR 4 AR 2 K (64, 128, 256 Fil 512 K) i
A7 AR L IR 6 B A Al 1, 225 X A i K AR G D R A 5 AR (SR 19 4 i, 15 3
40 B ) ECH 45, BEASE R B0, 102 6 B RUBE /N AR 4 28 512 IR B K 114 e L I R X T o3 i
WSS, 256 KARFAE A 10 A Bk A SO B R, DA R 0 RS T A ER R — A 5 R R [ A
WA ISR, ATLVHE AR S .
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Fig. 1 Spatio-temporal evolution of thermal radiation anomaly caused by the Japan My9. 1 earthquake

(Wavelet factor: 6th order scale; Fourier transform window length: 512 days; characteristic period: 256 days)
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i T T-F RPS /INigl A5 46 2 [y ROBEFI 7 i RUBE 38 - AT 64 K 1 1< 119 158 HL iR Xof 3) 288 33 Al
I, RBRAEAETS St AU R TS 5y, R RRB SR T S, Z 5 X 2007—2016 4 %5 ]
0 [F (30°N—45°N, 135°E—150°E) #E47 64 K FFAE J& I 1) 42 B 25 B A4 4, 20 B b i 5 | A 1) 3R
WATE S, 201148 3 1 11 B H A AR 15 30 1 My9. 1 b 72 X5 DX B 5 5 19
S AR 3B B D e ma N B B B, T 2—4 4F, B 2007—2009 45, 3 i 4 i A AR 4
i, R R BZ T B B B R] L KO B PR S R @ R B W B, AT AR RR R
Ay, RI2010—2011 4F, 38 4F 4 F 28 BHAR A, 19 )i md B2 ih B0 4 YA B ] L R B A 44
ST SR, 48 2010485 A 17 HE20104E 7 H 21 H (& 2a), 20114E 1 A 2 H & 2011 4
3 8 H(E 2b), 20114E5 /] 12 HZE 2011468 A 5 H (& 2¢) F12011 4£ 10 J] 4 H % 2011 4
11 H 13 H(E 2d); @ 52 m 2 #im s b By, BIa VAR LG, Bl 2012—2016 47, 8 id 4148
WA, 5 %A B AE 2013 4E 8 A 14 H 2= 2013 4510 A 28 H 8T — K Bf ] . kil
Bl 1 PR 5 S (T 2e) , ISR 5 2013 4E 10 A 25 H My 7.1 HugZ 5 FEAH XTI (%6 2) , 136

F2 o MR G RO R

Table 2 Corresponding table of earthquake thermal radiation anomalies

iiﬁzﬁj K&, dushe VR /km My S X PR

2009-08—09 137.94 33.17 292 7.1 [l 3a, b
2011-03-09 142.84 38.44 32 7.3

2011-03-11 142.37 38.30 29 9.1 [#3d, e
2011-03-11 141.11 36.28 43 7.9 [#3d, e
2011-03-11 144.59 38.06 19 7.7 [ 3d, e
2011-04—07 141.59 38.28 42 7.1 [ 3d, e
2012-12-07 143.95 37.89 31 7.3 %] 3f

2013-10-25 144. 66 37.16 35 7.1 I8 2¢
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Fig. 2 Spatio-temporal evolution of thermal radiation background field caused by the Japan My9. 1 earthquake

(Wavelet factor: 2nd—7th order scale bandpass filtering; Fourier transform window length: 64 days; characteristic period: 64 days)
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2.3 AEREMESEREHINT

S FH T-F RPS /N A8 40 AN R B £ (6 By ROBE 5% 7 By R ) FE 47 R W] 7 4 (64, 128, 256 Fl1
512 K ) B B o AH X D 38 35 A 1, 3 2k 4 R AE JE T X 2007—2016 48 10 45 1] (30°N—45°N,
135°E—150°F ) 25 [6] 35 [l #E A7 42 i 28 P A4 4, % He A B [R) RUBBE T 178 b i A 5 S . 0
KT B /N R JCAT A S, 16 UR/INE AR e 6 [ RS 3 4 AN [ 9 4 A% AR X B i oy R g
HIZ )R, 48 . @ 200946 H 20 H 2009 4F 12 A 10 H M 1E] H LT 256 K 7 K A1
el L I A 46 T 128 KRR AIE S 40T Y B 5 Sl (18D 3a) , i 5 H 5 2009 4FE 8 H 9 H My 7.1 HhiE
FHASRE (2 2) 5 @ 2009 4F 8 J 31 H % 2009 4F 12 71 10 H, 7 30 /6] H B0 T 128 5 7 4 i A4H X
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Fig. 3 Characteristics of thermal radiation anomalies in different scales
In Figs. (a)—(f),
512 and 256 days, respectively, and characteristic periods are 170, 128, 128, 256, 170 and 128 days, respectively
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