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Relation between Infrared Brightness Temperature Anomalies and
Earthquakes in Zhejiang Province and Its Adjacent Areas

ZHANG Fan, XIONG Dan, ZHONG Yu-yun, ZHU Xin-yun

(Earthquake Administrator of Zhejiang Province, Hangzhou 310013, Zhejiang ,China)

Abstract: In this study, remotely sensed infrared brightness temperature data from the China
Geostationary Meteorological Satellite FY-2C/E from 2006 to 2013 are full time-space analyzed to
determine the dominant frequency and amplitude using the relative power spectrum method. The
variation in time and space in the relative power spectrum of each frequency was analyzed and
compared with the three elements of 17 earthquakes having magnitudes greater than 5.0 in Zhe-
jiang Province and its neighboring area. The following results were obtained: the relative power
spectrum anomaly of infrared brightness temperature appears before nine earthquakes. The corre-
sponding ratio of the first three dominant frequencies is higher than that of last three ratios. The
anomalies occurred several days or months before earthquakes, and most earthquakes occurred
after the anomalies reached the maximum value or were recovering. A few earthquakes occurred
before the anomalies reached the maximum value. The anomalies increase in strength and then
disappear, in a process from sporadic to conglomerate or banded along the fault zone. Anomaly
time and amplitude and the time period from the appearance of the anomaly until the earthquakes

occurred have no obvious relation with the three elements of the earthquake.

O WFEBH2014-11-25
EEWB WILA N AR RIS &R H (2011C23061)
EERIA ik L1978, B (U » i & TRE I, 3 2 DA 3 b 72 507 b 72 0k g ) % it 7 i 00 90 4 F 5

E-mail: cruiser911@163.com,



%38 % 1

e WL WA T HCAR X LT Ah 2 R S 5 M R 59

Key words: remote sensing; infrared brightness temperature; satellite FY-2C/E; wavelet trans-

form; relative power spectrum; relation with earthquake

0 5|5

AR B 4TI T B BT I A 4 R
P LT gy b R R AT A e, AR
A% TR XoF FL O I OB T S B U AT 43 A T DOl
21 4h (Visible-Near Infrared) & &% | 41 4} (Infrared)
T RN % (Microwave) ¥ 8% . 1988 4E Rij 7 Be B 27
K Gorny 5 K& B 1984 4F 11 2% Al i) — R 51 Ml 7% 72 A
PBEMRLIN WG LLA & L T #5227 OG0 1Y
WFFEURAE ., AR 2 2 3 A0 A L Hh 3 3tb 52 9E 47 F
5%, Fl E LA R T o AT AR AT 40 S R I RR AT 1
IS 51998 4E5k Al 6.2 bR ATy i K 11—
Wil 5 DRROA TR AL RO 8.1 9t
I A R SR A 52000 AE K 6.5
PR 1997 AR JE 7.5 G Hh R 1 WA N A S IR
ZfEfmE . BAEREZEEFMHETE FY2 5%
TR B R SR A 9T b AR L A1 5 T Y 3 TR A S B
ST T O I R T R TN 5, O A4
i G AT X ), Bk oT AR A R /N D AR 4 A
Xt W) R Ak A3 i 1k TR LT A SR RHTE 5 I
25 3 72, e PR T AF7E WA S 1) 0 5

DL I BIF 5% 22 2 B 0T 74 3 A X, 17 3 4 b 1Y)
MR AR LR R ECE B 6 T 2R AR B H I i
DX, BREL AN T T 1 W 5838 AR XS 8D, A SO Y T R
TORLGTH LA S AR 3 b X AR A 52 TR S 64T o
BT WFFEIZ X AL A0 52 30 1E 8 15 55 RS 5 AR A RRAIE
455 I IX 7R 43 BT v SR R T BALL A I s AL R
fiE TRV FRLL AP S SRR I E &R

1 BT IE

R TR SR A S P B, 5N — A TE AT A
Tk 2 T R AT AT I8 K 1 i ST S 1 4 S WA ) s o AR
SR B 200 %ot SR A kg B i AR S 2 R R R IE A
fIREE, BRI R « A THO=1. 5K p (1,
TY=0,BEHE (A, TH)=0 ., EANTH 2 I K
(R PRE . PR %) S s S g R A S I A 1
KFRE WA RR A
2mhc? . 1
AT et
A M, AT RERERR G BE(W e m™ ") 5c R
s GE h S B SO B R =6.63X10 ' W
e stsk NBERZES WL E=1.38X10 % W « s/K;

M, A, T) = Q)

T Ry BRI 4% R BE (KO 54 SRR (pm) .

Wy Vs BE R FE (R AR s i, JH T, Ros) s L
o ST 5 00 A A A Y A SRR Y SRR L 2
— AN )RR BE AR AR T R WA SR
(BT WA 18 o S (B R R B N IR 2 iR 4 =X () 7]
DI RS IR E T, 5 Ne FICR N

C,
T, =—F— (2

C,
In[1
4 n( +A5NE)

J& 2%
VISSR 4 4@ 55 1F A i 5% 3 1 80 Ak, AN 24
S RE SR, DRI A 250 1 AT 8 S S A o B o A1 e e
MERSHE. FY2 5 D REMEHEITEE DC, 5 T A
T AR A N MO R

Np=I,+G, « DC, (3
AP :DC;, AT EEEEE:G, N TR @iEm
SERRARRR T, A, ol A8 bR R 7E 1 980
g, K DC, ML AR AR AR E] ¢ 3l T Y R
SHE Ng 5 ACA K )R 15 5] T HE . ersh
SEURAE T o

2 FRHEE

FY2 5 TAEENM T 105° E il 125, 5F 5 HE H
Il 36 000 km, TA %1 VISSR AL &% & /N i
X WL X AT — U A X 607 N~60° S,
45°~165"E, {X #% i 18 3 Bt 4 v] WOl (0.55~0.90
pm) LA 1(10.3~11.3 pm)  £L4h 2(11.5~12.5
pm) ZLAN 3(3.5~4.0 pm ) FI/KS(6.3~7.6 pm),
Forpgrhh 1 ML oh 2 L oh, 205k 3 g endh,
T R A B il R DR B AN RE . TR BT B
BBy R A — o 0 W 7S TP A 20T R S 9 AT
JUMRIE . BARAT AT L E 2 i TR 2 /9 TR,
HHBEFT LA IE IR R R e B, AR RL D
B0 Myl Chttp: //www. nsme. cma. gov. cn/) 2 fit
T et JUART A I R B AR B A% 5K 1 /NS 244
R A R T R AR 7 R AR, T A Bl
JUART 6 TE FE B AR A SCIERE R A4 LR b
T# A 2006 4F 1 A &= 2013 4E 12 H# s /K 5
W A [] 1 - 227 6 244 PR AR 5 TR S (HE s ) 17 B
18 Bf .19 I .20 I .21 B #%)

AR b DX b 7R R 0 R A IS Bl . 0
K 2 400 £ km, Y)2F 1 E AR FBAN W] K H A 15 B



60 W=

=

T B ¥ iR

2016 4

I M SE W 25 s S i A . e R BT L
A RATAC R B R, 1 G 2R Ty 1) 48 AR 1 1 s
WL AL FE L VRSN I AT L AR A AR
YToK CHEDT HE I AR )5 i 0 ARk i 2R AR d =8 #)
B, 1668 4E 7 H 28 HILZAR AL 8.5 g Kb
1969 4 7 H 15 Highifgrh &k 7.4 S = 1975 4
2 H 24 HIiLTHEIR 7.3 P rEHL K A AE KR e 2435
BT . WA R R I s 2 BT R

R AR R I I R, R AL R L R
BRI, AR R AR XL R 1L — 0 MR I X
A VLHLRR AT S, DR FRATT i R A Y DX e 2
SRR R W AT A M R X DL ST VT A AR ) M AR
XA 254 i Y0 Bl 4 22°~45°N,107°~127°E,
PEHL 2006 4F 1 H 1 H &= 2013 4F 12 H 31 H
M. 5.0 DL EHESE 17 A4, Wk 1,

1 MIREAEMSOMUEHME=EH%
Table 1 The three elements of M, —=5.0 earthquakes selected in the study area
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Fig.1 Abnormal evolution of relative power spectrum of Baoying,Jiangsu M 5.2 earthquake on July 20,2012
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Fig.2 Relative power spectrum variation in the area

near the epicenter of Baoying M. 5.2 earthquake
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Fig.3 Abnormal evolution of relative power spectrum Dengta, Liaoning M 5.4 earthquake on January 23,2013
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Table 2 The periodic table of anomaly characteristics of relative power spectrum of infrared brightness temperature
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Table 3 The statistical table of anomaly characteristics of relative power spectrum of infrared brightness temperature
A2 s [ Y/ M. Hb 25 EERNR ] TF 4 b [ 25 S [ g B8 (st ] ) K b [
1 2010-01-24 5.2 11y 75 oy L 1 2009-11-18  2010-01-20  9.9(2010-01-11) WE G 4K
2 2010-05-05  2010-06-17 11.6(2010-06-04) HKEHF 1 K
3 2010-03-05  2010-05-12 16.3(2010-04-07) K E 5 24 K
2 2010-06-05 5.0 1L 7 Bl B 4 2010-04-28  2010-06-13  5.9(2010-05-24) fKME)F 12 K
5 2010-04-10  2010-06-05  8.1(2010-05-03) /PN
6 2010-04-10  2010-05-24  8.3(2010-04-25) WER 12 K
1 2010-08-24  2010-10-19  8.9(2010-09-22) WEJG 5 K
3 2010-10-24 5.0 TP AR B ~ B @kf o
6 2010-07-25  2010-10-05 10.6(2010-08-26) K& J5 19 K
4 2012-05-28 5.1 b FE LT 6 2012-04-05  2012-06-22  8.2(2012-05-26)  fmKHJF 2 K
1 2012-07-05  2012-09-06 16.1(2012-08-07) & KAHHT 18 K
5 2012-07-20 5.2 VLI E N B 2 2012-06-28  2012-09-12  9.1(2012-07-27)  f KRAHHG 7 R
3 2012-06-25  2012-07-08  3.8(2012-07-03)  KEJF 12 K
6 2013-01-23 5.4 TTATIR 1 2012-12-16  2013-01-23  7.1(2013-01-09) PR R
- 2 2013-07-01  2013-10-25 11.1(2013-08-24) #HK{H)5 11 K
7 2013-09-04 5.2 e AL e B : " i X
3 2013-7-17  2013-08-19  3.8(2013-08-02) WE )G 16 K
8 2013-11-23 5.0 11 2R 3 M 3 2013-09-14  2013-11-07  9.4(2013-10-08) KK J5 16 K
1 2013-09-07  2013-11-05  9.4(2013-10-10) WE G 42 K
9 2013-12-16 5.4 e R B
& A 5 2013-11-04  2013-12-18 8.7(2013-12-01) HEK{H)F 15 K
8 - - ZRIX 17 4~ M 5.0 LU FHbRE I HuRE =B R L R b AT
M54 . .
7+ e WFoE A5 3 T 4538
o (1) 9 /™ Hb 52 H S B A 21 A1 2 T AH X 2 43 57
H T A RRAE B 6 R A b S = A R
5r o . . N
= > HORER o f2 48 A A 7E R W IR 5 20 KA,
r FERT ] L S5 2 W BAE R R g H 2807 L IF H R A
3r 1 S H IR B R KAE G AR W IR ), Do kA1
2t ] IR B B KA T 25 1) L S8 my 3R BB X8 i 55 -5
al ] FHREHANLRE, R EIEEZ INEE R
h AsY A VA SR o5 15 7 S 6 Bk — B k.

20?1-10 201202 201205 201208 2012-11 201303 201306 201309 2014-01
IR 1) /4= 1
B4 20134 1A 23 BiTTHBEM5.4%E
EF ML AR T o) Rk TACH
Fig.4 Relative power spectrum varietion in the area near
the epicenter of Dengta,Liaoning M 5.4 earthquake
on January 23,2013
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