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Study of Thermal Infrared Anomalies of Moderately Strong
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Abstract: The thermal infrared anomaly characteristics of 14 moderately strong earthquakes happened

in the mainland and adjacent sea of China are extracted and analyzed by wavelet transform and relative

power spectrum calculation according to the remote sensing brightness temperature data from geosta-

tionary meteorological satellites FY-2C/2E of China. The anomaly characteristics include: (1) Anomalies

have obvious characteristic periods. The periods for mainland earthquakes are 13 days and 64 days and

those for sea earthquakes are less than 32 days. The earthquakes with similar epicentral positions have

the same characteristic periods; (2) Maximum anomaly amplitude is obvious and easy to be identified.

Most of the amplitude is more than 8 times, and even up to 20 times; (3) Earthquakes are located in the

interior and edges of anomaly regions. The transition areas in which anomalies appear and disappear are

possible epicenters; (4) Earthquakes happened in arid areas have longer characteristic periods and those

happened in wet areas have shorter characteristic periods; (5) The relationship between maximum ano-
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maly occurring time and earthquake happening time and the relationship between anomaly peak and

amplitude are not clear yet; (6) By comparison, mainland earthquakes and sea earthquakes have the

similarity in above relationships, but their characteristic periods and anomaly areas are different.

Key words: moderately strong earthquake; thermal infrared anomaly; wavelet transform; relative power

spectrum; brightness temperature
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U 1 YV��TWXZUWXY[YVZW (a12 Z 2008 [ 1 [ 9 \ Ms6.9 ��]X^Y

\_]�`^Z� 32.50◦ ∼33.00◦ N \ 85.00◦ ∼85.50◦E � b12 Z 2008 [ 8 [ 25 \ Ms6.8 �

�]X^Y\_]�`^Z� 31.00◦ ∼31.50◦N \ 82.00◦ ∼82.50◦E � c12 Z 2008 [ 10 [ 5

\ Ms6.8 ��]X^Y\_]�`^Z� 38.00◦ ∼38.50◦N \ 74.00◦ ∼74.50◦E � d12 Z 2008

[ 10 [ 6 \ Ms6.6 ��]X^Y\_]�`^Z� 29.00◦ ∼29.50◦N \ 88.00◦ ∼88.50◦E �

e12 Z 2009 [ 9 [ 21 \ Ms6.5 ��]X^Y\_]�`^Z� 28.00◦ ∼28.50◦N \ 87.00◦

∼87.50◦E)
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U 2 Y^��TWXZUWXY[YVZW (a12 Z 2008 [ 6 [ 27 \ Ms6.6 ��]X^Y

\_]�`^Z� 9.00◦ ∼9.50◦N \ 96.50◦ ∼97.00◦E � b12 Z 2008 [ 9 [ 11 \ Ms6.8 ��

]X^Y\_]�̀ ^Z� 39.50◦ ∼40.00◦N \ 141.00◦ ∼141.50◦E � c12 Z 2009 [ 7 [ 14 \

Ms6.7 ��]X^Y\_]�`^Z� 25.00◦ ∼25.50◦N \ 117.50◦ ∼118.00◦E � d12 Z 2009

[ 8 [ 13 \ Ms6.6 ��]X^Y\_]�`^Z� 33.50◦ ∼34.00◦N \ 139.50◦ ∼140.00◦E �

e12 Z 2009 [ 8 [ 17 \ Ms6.8 ��]X^Y\_]�`^Z� 24.50◦ ∼25.00◦N \ 125.50◦

∼126.00◦E ]
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U 3 YV��TWXZUWXY[YVZWY^��TWXZUWXY[YVZW (a12

Z 2009 [ 10 [ 30 \ Ms6.7 ��]X^Y\_]�`^Z� 28.50◦ ∼29.00◦N \ 129.00◦

∼129.50◦E�b12Z 2010[ 2[ 18\Ms6.5��]X^Y\_]�̀ ^Z�40.50◦ ∼41.00◦N\

128.50◦ ∼129.00◦E � c12 Z 2010 [ 3 [ 4 \ Ms6.7 ��]X^Y\_]�`^Z� 26.00◦

∼26.50◦N \ 120.50◦ ∼121.00◦E � d12 Z 2010 [ 3 [ 14 \ Ms6.5 ��]X^Y\_]�`

^Z� 40.00◦ ∼40.50◦N \ 137.00◦ ∼137.50◦ E)

Infrared (monthly)/Vol.35, No.10, Oct 2014 http://journal.sitp.ac.cn/hw



� 35 ��� 10 � � � 39

��Q&,���������5�S&

M2 1 
,���-�� 5 @
/)�� 9 @�

S(Z[
1Æ3��������+G�� 8

O#a
����)�((�K�)�� 32 D

#<�� 12 @��
,�/)���� 32 D#

<���)�� 64 D�\7�-������

_]�
��)�� 13 D�\7�-����

��_]����)�� 16 D�/)����

�7&� 2 7���)�� 21 D�/)���

��7&� 4 7
���_^�Xb 20∼30◦ 


^A 120∼130◦ ���)�� 32 D�/)���

��7&� 4 7
���_^�Xb 40◦ T`


^A 130∼140◦ �

U 1 V|WXYZ[\]^_`}a

_�\c d` (◦N) _` (◦E) �` (Ms) e` (km) fabc (Day) Y[a` Rate bc

20080109 32.50 85.20 6.9 33 64 8 YV��

20080627 11.01 91.82 6.6 17 16 15 Y^��

20080825 31.00 83.60 6.8 14 13 15 YV��

20080911 41.89 143.75 6.8 25 32 20 Y^��

20081005 39.50 73.90 6.8 33 11 12 YV��

20081006 29.80 90.30 6.6 8 64 17 YV��

20090714 24.10 122.20 6.7 14 32 11 Y^��

20090813 32.82 140.40 6.6 53 16 8 Y^��

20090817 23.50 123.50 6.7 20 21 15 Y^��

20090921 27.33 91.44 6.5 14 13 13 YV��

20091030 29.22 129.78 6.8 34 21 8 Y^��

20100218 42.60 130.80 6.5 33 32 10 Y^��

20100304 22.90 120.60 6.7 14 21 10 Y^��

20100314 37.74 141.59 6.5 32 21 13 Y^��

��������5*/2��	 (1) �

��S(��2��F� – 7� – SJ1@a

?
13 7��<��� 5∼65D��F���


7 7����� 5∼40 DF�7�>47�+G

���
 7 7����B 5∼30 DF�7�>4

7�+G������B 5∼50 D

D���

��dbSJ� (2) 
D���������R

�F������!)� (3) ����5���

���)�������)MGN2Æ
���

�!)�� 6 ��F�# 3 7#<�����

��5�,�
� 6 �cF� 1 7������

9 @
F� 2 7������ 3 @
F� 3 7�

����� 2 @���+G c�� 8O#a


7�U 20 OT`�

4 ~�

���'(� – �%����-b
�#

���-
.�/) 14 7���� (Ms6.5–6.9)

�����������S(2��	 (1) ��

�5�Æ����)�
,��-���)�

� 13 D, 64 D
/)���)�� 16 D
 21

D, 32 D��_]����5������)

�� (2) ����7�+G� 8∼20 O��
5

4>

�K���+G��!VÆ��%�

ÆÆ�

�����������ÆÆ2Æ
��

������!)0D
,dc
���_�

�
��F�
SJ�Ee!)�

7���F�)������)��Æ

Æ
��fD��!�ÆÆg�Æh�d�


9)�-���/)��
\����+G
�

�F�)������)��ÆÆ
��+G

��!�ÆÆ���*��T1
W���)

�,��>4���2��>���

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.10, Oct 2014



40 � � 2014 _ 10 `

k l
D-�%��&4$	2��'5e�f

��'5�d
g�

ef��

[1] Gorny V I, Salman A G, Tronin A A, et al. The

Earth Outgoing IR Radiation as an Indicator of Seis-

mic Activity [J].Proc Acad Sci USSR, 1988,30(1):

67–69

[2] ig��efg�h[ihgh]X^Y[ – j�

ji [J].hi"j,1990(17):1324–1327.

[3] Qiang Z J, Xu X D, Dian C G. Impending-

earthquake Satellite Thermal Infrared and Ground

Temperature Increase Anomalies[J].Chinese Science

Bulletin, 1991, 36(22): 1894–1900.

[4] Qiang Z J, Xu X D, Dian C G. Thermal In-

frared Anomaly Precursor of Impending Earth-

quakes[J].Chinese Science Bulletin, 1991,36(4): 319–

323.

[5] ig��h[ihgh]X^UjTWY[ – i
j�i [J].klhi D m�nohi, 1998,28(6):

564–573.

[6] Qiang Z J, Dian C G, Li L Z, et al. Satellitic

Thermal Infrared Brightness Temperature Anomaly

I mage–short-term and Impending Earthquake Pre-

cursors[J].Sci China Ser D–Earth, 1999, 42: 313–

324.

[7] Qiang Z J, Kong L C, Guo M H, et a1. An Ex-

perimental Study on Temperature Increasing Mech-

anism of Satellitic Thermo–infrared[J].Acta Seismol

Sin, 1997,10(2): 247–252.

[8] Qiang Z J, Xu X D, Dian C G. Thermal

Infrared Anomalies under the Non-temperature-

increment Background and the Mechanism Discus-

sion[J].Chinese Science Bulletin, 1991,36(22): 1901–

1906.

[9] Xu X D, Xu X M, Ma S D, et al. Preliminary Inquiry

into the Causes of Anomaly Increase of Air Temper-

ature by an Impending Earthquake[J].Acta Seismol

Sin, 1995, 8(1): 149–154.

[10] kp�jlk�kmq�khlgh]X^mn�
�lmlmnnoYVpW – onq��opr
Zp [J].norsij, 2006, 49(3): 816–823.

[11] Zhang Y S, Guo X , Zhong M J, et al. Wenchuan

Earthquake: Brightness Temperature Changes from

Satellite Infrared Information[J].Chinese Science

Bulletin, 2010, 55(3):1–8

[12] Tronin A A. Satellite Thermal Survey-a New Tool for

the Study of Seismoactive Regions[J].International

Journal of Remote Sensing, 1996,17(8): 1439–1455.

[13] Tronin A A. Satellite Thermal Survey Application

for Earthquake Prediction. In: Hayakawa M. Ed.

Atmospheric and Ionospheric Electromagnetic Phe-

nomena Associated with Earthquakes[J].Tokyo: Ter-

rapub, 1999, 717–746.

[14] Tronin A A. Thermal IR Satellite Sensor

Data Application for Earthquake Research in

China[J].International Journal of Remote Sensing,

2000,21: 3169–3177.

[15] Tronin A A, Hayakawa M, Molchanov O A. Ther-

mal IR Satellite Data Application for Earthquake

Research in Japan and China[J].Journal of Geody-

namics, 2002,33: 519–534.

[16] Saraf A K, Choudhury S. Satellite Detects Surface

Thermal Anomalies Associated with the Algerian

Earthquak6es of May, 2003[J].International Journal

of Remote Sensing, 2005, 26: 2705–2713.

[17] Saraf A K, Choudhury S. NOAA–AVHRR De-

tects Thermal Anomaly Associated with the 26

January 2001 Bhuj Earthquake, Gujarat, In-

dia[J].International Journal of Remote Sensing, 2005,

26(6): 1065–1073.

[18] Wang Q L, Wang W P, Liang W F, et a1. Stress-

dissipative Heat Geotemperature Precursor Mech-

anism of Earthquakes[J].Acta Seismologica Sinica,

1998,11(5): 615–621.

[19] qro�psq�eqh�r 8.1 `��jgh]
X^Y[ [J].tunvij, 2002,24(1): 1–4.

[20] qro�rt�qus�khvlswgh]X^
xtTWÆusZ�tW`ouv�� [J].tun

vij,2004, 26(2): 113–117.

[21] vyt�zww�ig��kh��xYY^gh
]X^TW{WY[uv [J].wxny,2005, 19(1):

74–82.

[22] rt�qro�zsy�khwx��]Y[mn
oUWXXZpWWvz�px| [J].norsi

j, 2010,53(11):2688–2695.

[23] yym�qro�{z}h 2009 [ 8 [ 11 \

z{{|| Ms7.5 `��]X^pW [J].nv{

|,2011,34(2):41–45.

[24] q r o �r t �y y m �k h\ } 9 ` | }

~ 7.2 `��]X^t~fa [J].norsi

j,2011,54(10):2575–2580.

[25] q}�qro�yym�khkn�} 5.7 `��j
gh]X^Y[ [J]. nv~�ij,2013,35(1):171–

176.

[26] q}�qro�yym�kh~�~� 7.0`��gh
]X^Y[�| [J].nv~�ij,2013,35(2):272–

277.

Infrared (monthly)/Vol.35, No.10, Oct 2014 http://journal.sitp.ac.cn/hw


